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PREFACE 

When the book "Phytochemistry of the Flora of Qatar" was first published in 1986, many 
young researchers in the field of Phytochemistry in the Arab World were grateful for a long 
waited text with a comprehensive bibliography relevant to their local plants. The book incor­
porated a wealth of literature surveyed up to 1985 covering the topic in general and specifi­
cally the flowering plants of the region. 

In 1989, a second book "Phytochemistry of the Horticultural Plants of Qatar" was pub­
lished. The book upgraded the bibliography and gave information on the known active ingre­
dients, medicinal and economical uses of horticultural plants grown in Qatar. In the book a 
total of 2300 references were included. 

A third book entitled "Medicinal and Poisonous Plants of Qatar" was published in 1 995. 
The book was directed towards the study of medicinal plants. These had been the center of 
attraction with many developing countries in search of important compounds in its wild plants 
that would hopefully change their future. The book with its wealth of literature survey was a 
welcomed source of relevant knowledge. 

The fourth book in these series was published in 2000, titled "Phytochemistry of the Macro 
and Blue-green Algae of the Arabian Gulf' focused on a completely new world of organisms, 
the algae. Once belonging to the Plant Kingdom, the algae are new placed in the Kingdom 
Protista. The algae are different from previous taxa studied in being (a) filamentous-thalloidal 
and (b) living in an aquatic habitat. The latter meant that these organisms might incorporate in 
their tissues elements initially absorbed from their aquatic media. With Qatar having no fresh 
water sources or bodies above ground except for seasonal rains, their macro algae are all 
marine. As such, they stand as excellent monitors of environmental change in the Arabian 
Gulf with its ever increasing expansion in petro-chemical industries. 

Advances in the knowledge in the field of chemistry and the interest of various scientists 
studying different organisms of the living world have promoted much research in recent years 
in both plant and animal taxa. This rapid increase in Phytochemical knowledge has necessi­
tated the updating of the bibliography to include the latest published material. The approach 
chosen was a multidisciplinary study of an important group of plants: the range plants. 

Range plants of the State of Qatar might seem trivial to an outsider but to animal herders 
grazing wild range plants is a must for the health and well being of their animals. 

The boom in the Oil Industry in the Gulf States in general means fear of an adverse effect 
on natural habitats. Destruction of natural habitats might result to the permanent loss of im­
portant range plants. In this book the focus on range plants is an effort to illustrate their value 
and importance as a nutritive source of feed. This might help policy makers to preserve and 
conserve as much as possible of the natural ecosystems that support growth of range plants. 

The range plants chosen for this study are either well known locally as range species or are 
potentially range species because of their taxonomic position e.g. grasses and legumes. 

One of the main aims underlying the writing of this book was the desire to emphasize the. 
importance of interdisciplinary studies. The purpose of such studies is to bring together a 
collection of information pertaining to a selected group of organisms. 

Such an approach would promote interest of researchers to collaborate and to draw atten­
tion to specific taxa within their own sphere. A study on range plants would draw attention to 
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their value. It is also desired that plant breeders would take keen interest in promoting the 
status of potential range species to species of economical importance in range. Perhaps the 
efforts would culminate in the production of variants suitable and tolerant of the local condi­
tions. 

The multidisciplinary approach presented in this book is also expected to stimulate en­
quiry and to broaden the scope of young researchers who no doubt will benefit from the 
updated bibliography. The book will also enrich knowledge with its in-depth information on 
chemical structures of the compounds mentioned in the text. 

The investigation necessitated that the general chemistry of the genera of the studied spe­
cies is first presented prior to the information gained on the local species. In total the book 
comprises detailed information on 1 666 species. 

The material presented in this book has been organized into the 3 covered aspects: the 
chemistry, the nutritive value and the taxonomy of the range plants of Qatar. The sequence 
followed is an alphabetical order of the families including the gymnosperms, the dicotyledons 
and the monocotyledons. Each aspect of the study is designed to be as comprehensive as 
possible with accuracy of details and updated information. For this a thorough search in all 
relevant journals and books has been undertaken to throw light on the chemistry and nutritive 
values of range plants. All factual material has been carefully selected. In all the bibliography 
in this book includes 4386 published literature. 

The chemical survey informs on the proximate, amino acids, carbohydrates, fatty acids, 
minerals and other constituents. The chemical structures of some selected compounds are 
included. Of the 1 6 1 9  chemical compounds covered in the book, the chemical structures of 
1 373 compounds have been drawn and included with the text. 

The surveys of the nutritive values cover the proteins, carbohydrates, fatty acids and other 
elements. 

The book covers all the information concerning the chemical and nutritive constituents of 
these plants until 2003 with references exceeding 3400 titles. 

The taxonomical study of the selected taxa, the symonomy has been limited to those known 
in earlier studies. Species were selected from a wide range of habitats. The morphological 
descriptions of the species are followed by information on their habitat and distribution. Where 
relevant, information on local use is included. Coloured plates are included to facilitate field 
recognition. Arabic and English vernacular names are included when known. In total 1 62 
species belonging to 99 genera and belonging to 34 families are covered in this book. All 
material for analysis was collected from the wild. 

One outstanding feature of this book is the detailed information summarized in the 1 78 
tables included in the text. Of particular interest and value are tables 1 73- 1 78 (inclusive) 
where for the first time all values of the studied taxa are given. 

The book is appendixed by a number of lists to show what has been presented. This in­
cludes a glossary of technical terms to accommodate the extra information e.g. medical terms, 
included in the book. The glossary has a total of 1 58 terms. 
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A Note On The Natural Rangelands Of 

The State Of Qatar 

The State of Qatar is a small semi-arid country with a total area (including i ts islands) of 
1 1 ,437 sq km and a coastline of 563 km and over 80% of its land is classified as stony. 

It is difficult to en isage the importance of the Country's limited natural habitats, as 
grasslands or rangeland supporting a great animal wealth in particular of camels, sheep and 
goat herds. 

Camels are kept for sport ( camel racing, a much favoured sport in all Arabian Gulf 
countries), for milk production (for owners' use only) and for m�at production (on a small 
scale where only young camels "hewars" are slaughtered). Cattle are usually kept in pens and 
rarely graze outside. 

Animal numbers have been on the increase with more of lhe locals being able to afford 
this luxury as a result of the oil boom. The increase in animal wealt� has left its toll on the 
natural vegetation. There are various reports by the eldery that some species important for 
herding have since disappeared (Plates, 1 ,  2, 3). 

In a study on the vegetation of the State of Qatar, Abulfatih et al. (2000) established that 
the vegetation is linked to geomormophology and soils and the amount of seasonal precipitation. 
Soil is an important determinative element with salinity and texture being the two most 
important chemical and physical properties respectively. 

A glaucous green greyish appearance is the dominant feature in Qatar's grasslands as is 
well demonstrated by: the grass communities of sabkhas (Sporobolus ioc/ados and Aeluropus 
lagopoides; Plate 4), on stabil ized wind blown sands over rocky grounds (Panicum turgidum; 
Plates 5,  6), on sand dunes (Lasiurus scindicus and C/11ysopogo111 and on compact sands in 
depressions (Cymbopogon proximus, Plate 7). 

There is a considerable difference in the productivity and general health of the wild plants 
between 'good' and 'bad' years of rains. The determinitive factor of years of 'good' range or 
otherwide, is dependent on the duration and amount of precipitation of the rainy season and 
specificly the vegetated depressions known as rodats. Rodats are distributed all over the Country 
but the majority (including the best) are located in the north-eastern and central zones of the 
State of Qatar. Many of the deep rodats have since been transformed into agricultural fields. 
These in tum are becoming extensive and too demanding on the very limited natural resource: 
the underground water. Some of the rodats, in particular the less productive, were d istributed 
(on temporary basis), to animal herders, as animal pens [isbaa(s)] and natural grazing ground. 

The basic composition of the plant communities in the Country is of a few trees, few 
shrubby species which produce new growth with the onset of the rainy season and 
predominantey of ephemerals, annuals and few biennials. These are totally dependent on the 
amount of annual precipitation for their numbers and density. Although there is  no sharp l ine 
of demarcation between 'excellent' and 'poor' rodats, their species composition reflects on 
the standard of the individual rodats as rangeland. 

Plant communities are important as natural grazing lands. The main species of importance 
inlude: Acacia ehrenbergiana, A. tortilis, Ziziphus numularia, leptadenia pyrotechnica, 
Cocculus pendulus (a liane), Ephedra ciliata (a gymnospenn), Lycium shawii (the most 
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common shrub) Capparis decidua and a wealth of ground vegetation of grasses, sedges and 
herbs which flourish during the season of growth (Plates 8,9). 

Many plant communities with dense growth of halophytes exist in Qatar, in pa11icular 
along the north-eastern coastline (Plate I 0). These do not form grazing grounds. 

Depending on the depth of the rodat and its location, its floristic composition varies. Shallow 
rodats and depressions (Plate 1 1 , 1 2) with poorer soils will support only A. tortilis and lyci11111 
slwwii and annual growth. In contrast, rodats and wadis that are deeper depressions and with 
sandy loamy soils, will retain rain water longer and will support Ziziphus and an array of the 
above mentioned woody taxa. 

H erds in Qatar are all dependent on supplement feed. Bales of C/1/oris, grown in 
neighbouring Saudi Arabia, are imported to Qatar in the fonn of hay. Dates, imported and 
locally grown, are a basic feed for camels. Leuceme, (available throughout the year), 
Pe1111iset11111, Zea and Sorghum are locally grown fodder available in season, as well as, some 
legumes (Plate 1 3). However, oats (locally grown and imported) is the main grain feed for all 
herds and chicken. 

Equally important are by products of agriculture in the fonn of: weeds in neglected or 
abondoned fields for one reason or another, twigs from regular pruning of hedges and avenue 
trees and mawned grass. In certain areas where sewage water is disposed, green growth 
particularly of Plwrgmitis is encouraged. Herds of camels were seen to graze such vegetation. 

Grazing on natural vegetation is vital for the overall health of the herds and their productivity. 
Wild plants are the source of a number of elements necessary for the well-being of the herds. 
If the rainy season fails or is extremely short, the animals are kept on the supplement feed 
inspite of the fact that all herders stress that natural vegetation is vital for their animals. 

There is no denial that the natural vegetation in Qatar is stressed by over-grazing. There is 
no statistics on the effect of grazing pressure on the natural plant cover in Qatar. Continuous 
grazing, particularly of new growth, often results in the reduction of stature and canopy of the 
woody species. Sunted Acacia tortilis and lyci11111 are a common sight all over Qatar. Bare 
ground throughout the year is indicative that not much is over-looked by the continually 
searching herds for a blade of grass. The long periods of drought and poor rains have also led 
to the expansion of xerophytic taxa such as Zygophy/111111 qatarense, the most dominant 
succulent xerophyte in Qatar, which is not preferentialy grazed. 

In  recent years focus has been on the importance of natural range to both wild animal 
(kept in captivity) and domestic animals. Some of these wild animal · are being released on 
natural habitats to restore them to nature. Many ' isbaas' have since been demolished to reduce 
animal numbers and the rising pressure on natural vegetation. Natural forests of Avice1111ia 
marina are now semi-conserved and an active programme of preservation of the coastline is 
being persued by the local government. 

Unfortunately Qatar remains a small country with limited natural rangeland and if these 
are not well controlled, they will be lost forever. 

Initially, agricultural advancement in Qatar's by open irrigation using underground water 
was the only factor causing loss of natural rangeland, but promoting the availability of localy 
grown fodder. Three main factors crop from agricultural pratices affecting natural range: 
I - loss of land to fields means a con ti nous shrinakage of natural rangeland. 
2- use ofunderground water, lowers the water table and could cause death of deep-rooted tree 

species. 



3 
3- while many of these farms grow leucerne and fodder grasses, which arc the main source of 

' green ' feed to domestic and wild animals in captivity, agriculture introduces weed species 
and weeds are always competitive. Weeds also harbour many pests. 
Unaccounted for but detcm1ental to the natural vegetation are the effects of the advancement 

in petrochemical industries. The exact exten t of the influence of the oil industry on the natural 
vegetation in the State of Qatar has so far not been assessed. There is evidence of stunted 
deformed growth of certain species and the disappearance of sensitive taxa in the vicinity of 
petrochemical sites. The effect of the release of noxious gasses on animal health has not been 
studied but most herds are kept far away from the source of air pollutants. 

The impact of industrial development and agricultural advancement on natural vegetation 
has been the theme of many studies, seminars, discussions, etc. in all countries with conditions 
similar to the State of Qatar. Worry and fear is when the negative impacts of both preceed any 
positive gains. 

The increase in Doha's population and the large amount of water from sewage and domestic 
use has resulted in the release and disposal of these waters in sites in the outskirts of Doha, 
Dukhan and other major towns. These waters encourage plant growth and green growth draws 
the attention of grazing animals. What danger this poses to animal health remains to be seen. 
According to a recent study Abulfatih et al. (2002), danger lurks. 

I t  is high time that more effort is concentrated on the treatment of effluents. The advantages 
will be many in particular if clean water is released to restore healthy growth of some of the 
larger rodats such as AI-Majda and Rodat Rashid. This should never be attempted without 
long term field experimentation. 

The present work is the outcome of a long term of study which focuses on the nutritional 
value of natural range species in the flora of the State of Qatar. It also provides extensive 
details on their chemical constituents. The information provided should warrant more attention 
to the management of range in the State of Qatar. 
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Chemical Constituents and Nutritive Values of Range Plants in Qatar 

I. ACANTHACEAE Durande 
1. BLEPHARIS A. Juss. 

1 9  

The constituents of few Bleplwris species have been studied. 9-Hydroxydodecanoic acid has 
been isolated from the seed oil of B. sindica (Ahmad et al. , 1 983). The seeds of B. sindica 
contained allantoin ( I ), betaine (2), � -sitosterol (3), oleanolic acid (4), apigenin (5), temiflorin 
(6), purine-6"-0-coumarate (7) and blepharin (8) (Ahmad et al. , 1 984). Allantoin was also 
identified in B. sindica stalks (Khatri et al., 1989). 

HO 

1 Allantoin 2 Betaine 3 P-Sitosterol 

ef
OH 

HO 

HO OH 0 

,4 Oleanolic acid 5 Apigenin 6 Teminorin 

7 Purine-6"-0-coumarate 8 Blepharin 

1 . 1 .  Blepharis ciliaris (L. ) B. L. Burtt., Notes Roy. Bot. Gard. Edinb., 22:94 (1 956). 
syn. 8/epharis persica (Bunn. f.) Kuntze ( 1 89 1  ); 8. edulis (Forsskal) Pers., Syn. 2: 1 80 ( 1 806). 

Shouk El Dhab (Ar.) 

Low compact semi-perennial spiny herb producing new foliage with the onset of the rains. 
Leaves sessile with spiny margins, long and narrow canaliculate. Intlore cences spicate of 
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blue zygomorphic flowers with spiny bracts. Fruit a bi- locular capsule enclosed by the spiny 
bracts. Seeds sometimes genninate on the mother plant inside the persistent bracts. 

Habitat and Distribution 

ommon on compact soils in depressions and shallow rain pools in central Qatar. 
Reported as grazed by camels and not by sheep or goats. 

Constituents 

The minerals of B. ci/iaris, growing in Qatar, are shown in Table 178 (Al-Easa, 2002d). 
The seeds of B. ciliaris, growing in Pakistan, contained 20 % oil. Fractionation of the 011 

showed that it consisted of wax esters (3.2 1 %), triglycerides (56.42 %), free fatty acids ( I  0.36 %), 
I : 3  di glycerides (3.8 %), I : 2  diglycerides (5.06 %), 2-monoglycerides (2 .98 %), 1 -
monoglycerides (5.42 %) and polar lipids (9.77 %). The fatty acids of the lipids ranged from 
C 10 to C21_ The total l ipids as well as its fractions, including wax esters, triglycerides, free fatty 
acids, I : 3  diglycerides and 2-monoglycerides showed a high percentage of unsaturated fatty 
acids except that of 1-monoglycerides and polar lipids, which showed a high percentage of 
saturated fatty acids (Tables I and 2) (Waheed et al., 1 992). 

Benzoxazolone (9, m.p. l40°C) and blepharin (m.p.226-227' C, a benzoxazine glucoside) 
h ave been i solated from the seeds (Chatterjee et al., 1990). 
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Table 1 .  Fatty acids percentage of various lipid classes and oil of 
Blepharis persica seeds 

Lipids CIO:O c12,o c14,o c16,o C IS:O C IS: I C IR:2 C IS:J 
c20,o c22,o 

;:;· 

Whole oil 0.04 0.26 0.09 8.88 3.47 35.07 34.91 10.39 0.67 6.22 g 
Wax esters 1. 35 3.75 1.02 15.69 4.54 36.91 18.19 
Triglycerides 0.37 1 .26 0.79 8 .46 2.56 50.16 26.81 

12.47 0.32 5.76 �-
6.42 0.21 2.96 

Free Fatty Acids 0.67 7.83 3.08 13.48 5.06 19.14 30.69 
1 : 3-Diglycerides 3.15 8.29 5.15 15.49 2.18 14.18 20.16 

10.93 0.19 8.93 :r.° 

14.61 
r.: 

16.54 0.25 g_ 
1 : 2-Diglycerides 0.85  6.88 5.44 15.81 1.23 14.76 21.44 
2-Monoglycerides 1.06 8 .33 4.84 11.23 4.46 61.85 4.43 

17.13 0.16 16.30 z 

2.54 0.28 0.98 �-
1-Monoglycerides 0.89 12.87 11.72 20.13 5.00 25.10 10.84 
Polar lipids 1. 01 13.19 11.35 23.95 3.09 22.39 12.99 

7.96 0.26 5.23 
-

7.55 4.48 � 
0 

0 

0 

:l 

Iv 
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Table 2. Percentage of saturated and unsaturated fatty acids of 
Blepharis persica seeds oil and its fractions 

Lipid % of saturated % of unsaturated 
fractions fat� acids fat�·acids 

Whole oil 1 9.63 80.37 
Wax esters 32.43 67.57 
Triglyceride 1 6.6 1 83.39 
Free Fatty Acids 39.24 60.76 
I :3-diglycerides 49. 1 2  50.88 
I :2-diglycerides 46.67 53.33 
2-monoglycerides 3 1 . 1 8  68.82 
1 -monoglycerides 56. 1 0  43.90 
Polar lipids 57.07 42.93 

From the aerial parts of B. ciliaris, collected from the Qassim province, Saudi Arabia, two 
acylated flavonoids have been isolated, a flavone (10, apigenin-7-(3"-acetyl-6"-E-p-coumaroyl­
glucoside)) and a flavanone ( 1 1 ,  naringenin-7-(3"-acetyl-6"-E-p-coumaroylglucoside)) (Harraz 
et al., 1 996a). 
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The plant extract and also the crushed roasted seed exhibited significant antibacterial activity 
(Harraz et al., 1 996b) and were reported to have several applications (Rizk and EI-Ghazaly, 
1 995). 

II. AIZOACEAE Martynov 
1. AIZOON L. 

The genus is represented by one species only in Qatar. 

J .J Aizoo11 ca11arie11se L. Sp. P l . , ed. I ,  488 ( 1 755). 
syn. Glinus c1J1stalli1111s Forssk., Fl. Acgypt.-Arab. 95 ( 1 775). 

Chafna, Jafna, Gafnah (Ar.) 
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P rostrate suffrutescent annual herb, star-shaped with few radiating very leafy branches. Leaves 
on abaxial surface only, clustered, fleshy, subsessile spathulate-obovate. Inflorescences of 
minute yellow flowers maturing to strong more or less woody fruits inset in the branches. 
Flowers and frui ts Jan.-May and plant would continue to grow if moisture is available. 

Habitat and Distribution 
Widespread throughout Qatar, more common in rodats and moist areas, appearing soon after the rains in 
most habitats. I t  is common for seedlings to appear on dead mother plants (genninating in capsules). 
Leaves of new plants edible as a salad. 

Constituents 
The proximate analysis, amino acids, and minerals of A. canariense, growing in Qatar are 
shown in Tables 175, I 76 and 178 (AI-Easa, 2002a,b,d). 

The unsaponifiable matter of the lipids consisted ofsterols (10.67 %), hydrocarbons (66.01 %), 
aliphatic alcohols (19. 76 %) and tri terpene alcohols (3.5 %). Analysis of the hydrocarbon 
fraction revealed the presence of c2J D' 7. 78; CH o• l 0. 78; czs O' 1 3. I 7; c2fi O' 1 5.57, c2, O' I 7.96; 
C29_0, 17.96; C1 1  0, 5.99 and others I0.78 %. The aliphatic a lcohol fraction consi ted of C2 1 0, 

4.00, c22 O' 20.00; c24 O' 20.00; c260' 16.00 and c2M O' 40 %. The sterol fraction contained �­
sitosterol (66.67 %) and stigmasterol (12) (33.33 %) (AI-Easa et al., 2002). 

The plant contains coumarins and saponins (Rizk et al., 1986a). 
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III. AMARANTHACEAE Adans. 
1. AERVA Forssk. 

Aerva lanata has been reported to contain 13 -sitosterol, 13-sitosterol palmitate, a-amyrin (13) 
( Aiyar et al. , 1 973) and four flavonoid glycosides (14-1 7) (Zadorozhni i  et al., 1 986). 
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1 4  A = A, = H  
15  A =  OMe; R1 = H 
16 A =  H; A,= COCH=CHCaH40H-4 
17 A = OMe; R1 = COCH=CHC6H40H-4 

Hentriacontane ( 1 8), ceryl alcohol (1 9), 13-sitosterol and i ts D-glucoside, campesterol (20), 
stigmasterol, stigmasterol acetate, a-amyrin, betulin (21 ), lupcol (22) and chrysin (23) were 
identified as constituents of A. lanata (Wassel and Ammar, 1 987; Chandra and Sastry, 1 990; 
Abdel-Wahab et al., 1 997). 
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Two alkaloids were isolated from A. lanata vi::.. 1 0-methoxycanthin-6-one (methyl aervin) 
(24) and I 0-hydroxycanthin-6-one (aervin, 25) (Ammar et al., 1 996). 

24 Methyl aervm; R = Me 
25 Aervm. R = H 

The plants of the genus Aerva are used in folk medicine to cure lithiasis, dropsical affections, 
eye affections, diuresis, toothache and in disorders of the abdomen and inflammations of the 
internal organs (Usmanghani et al., l 982a,b; Rizk and El-Ghazaly, 1 995). 

1.1 Aervajava11ica (Burm. f.) Juss. ex Schult. in Roem & Schult. Sys. Veg., ed. 1 5, 5 : 565 
( 1 8 1 9). 
syn. Aerva persica (Bum1. f.) Merril l  in Philipp. Joum. Sci. 1 9:348 ( 1 92 l ); Aerva tomentosa Forssk., 

F l .  Aegypt.-Arab. :cxxii, 1 70 ( 1 775); Celosia lanata L., Sp. Pl. , ed. 1 :205 ( 1 753). 

Arwa, Tuwaim, T1rf (Ar.) 

Densely hairy undershrub with alternate, ovate-lanceolate ash green leaves clustered at the 
lower part of the plant and topped by numerous long peduncles with white inflorescences 
giving the whole plant an appearance of a whiti h woolly bush. Inflorescence terminal and 
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Table 5. Amino acid composition of LPC prepared from Amaranthus hypoclzondriacus 
(g amino acid / l  6g N) compared to that of soybean meal and alfalfa LP' 

Amino acids A. hypochondriacus 
LPC 

Lysine (43) 6.6 
Threonine 5 .0  
Proline 4 .6 
Cysteine 1.2 
Methionine (44) 2.4 
Valine 6.9 
Isolecucine 5 .8 
Leucine 9.3 
Phenylalanine 6.0 
Tyrosine 4.2 
Histidine 2.4 
Arginine 5.8 
Aspartic acid 9.9 
Serine 5 . 3  
Glutamic acid 10.6 
Glycine 5 .4 
Alanine 6.0 
t Kuzmicky and Kohler ( 1 977). 
:j: International feed reference number 5 04 604. 
• Chccke et al. ( 198 1  ). 

g Amino acid/16 g N 
Alfalfa Soybean 
LPCt meal* 
5 .9 6.5 
5 . 1  1 .3 
4.9 6. 3 
1.2 1.5 
2.3 1.3 
6.3 5 . 3  
5 . 6  5 . 3  
9. 3 8.2 
5 .9 5 . 3  
4.8 3.3 
2.3 2.7 
6.5 7. 3 
10.0 14.0  
4 .3  5 .6  
11.4 20.0 
5 .5  5 . 2  
6. 3 5 . 3  

Amarant/111s obtained by  cryogenic processes con ta ined 13. 2 % protein, 63.5 % 
carbohydrates, 6.7 % fat, 3.3 % mineral elements, 17.7 mg % vitamin C, 0.29 mg % vitamin 
B1 (46) and 0.12 mg % vitamin B2 (47) (Simakhina et al., 1995). The dried leaves of A. 
caudatus contained 21.51 % protein (Oshodi, 1993). 

Bird and Lane (1947) reported that total ascorbic acid was highest in green leaves of A. 
retroflexus and decreased after flowering (780 and 450 mg/I 00 g dry weight respectively). On 
the other hand, Aliotta and Pollio ( 1981) stated that the same species contained 145 .  73- 1 95 .  78 
mg/100 g vitamin C. According to Lawanson et al. (1991 ), the highest amounts of total free 
sugars and vitamin C occurred in the different organs (leaves, stem, or shoots) of the mature 
leafy vegetable A. duhius at later stages. Maximum levels of inorganic phosphate were observed 
at early stages of maturity of the plant in both leaves and stems. Tocopherol (vitamin E) (48) 
content of leaves of Amaranthus species was 2.6 mg/100 g (Engel and de Vries, 1946). 

OH 

48 Tocopherol (Vitamin E) 
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Seeds of thirteen amaranth (A. cruentus, A. hypochondriacus) accessions were surveyed 
for their composition of tocols (Lehmann et al. , 1 994). The most common tocols found were 
a-tocopherol (2.97 to 1 5 .65 mg/kg seed), P-tocotrienol (49) (5.92 to 1 1 .47 mg/kg seed) and y­
tocotrienol (50) (0.95 to 8.69 mg/kg seed), while some A. cruentus accessions contained 8-
tocotrienol (51 )  (0.01 to 0.42 mg/kg seed). Unlike many cereal grains, Amaranthus species 
have significant amounts of both P-and y-tocotrienols, however, p-tocopherol (52) was not 
detected in any of the amaranths (Lehmann et al., 1 994). 

49 P-Tocotrienol R 1=R3=Me; R2=H 
50 y-Tocotrienol R 1=H; R2=R3=Me 

HO HOm 

Y'a/·-,,� 

51 6-Tocotrienol 52 P-Tocopherol 

The major protein fractions of amaranth seeds according to the Osborne classification 
were: albumin, globulin and glutei in (Martinez et al., 1 997). The protein of A. hypochondriacus 
(yellow seeds) and A. anclancalius (black seeds) were fractionated into albumin, globulin, 
prolamin and glutelin. The average proportions of these soluble proteins were 65: 1 7: 1 1  : 7  
respectively. Albumin had the highest lysine content (7.3-8.2 %), and globulin had highest 
methionine (4. 1 -5 .3 %) and phenylalanine (53) (6.0-6. 1 %) content. Prolamin had the highest 
threonine (54) (4.6-5.4 %) and leucine (55) (6.8-6.9 %) content, and glutelin had a very low 
methionine content (0.6- 1 .0 %) (Correa et al., 1 986b ). Several studies were reported on the 
isolation, characterization and composition of A. hypochondriacus albumin (Raina and Datta, 
1 992; Marcone et al., 1 994a; Datta et al., 1 997; Martinez et al., 1 997) and globulin (e.g. 
Romero-Zapeda and Paredes-Lopez, 1 996). The amino acid composition of A. hypocho11driac11s 
albumin- I showed a high proportion of essential amino acids like lysine, leucine, threonine, 
phenylalanine, valine (56) and cystine (57) that are otherwise deficient in the major seed 
proteins oflegumes and cereals (Datta et al., 1 997). Even though there is no agreement, most 
research papers state that the albumin is shown to be present in the largest amount, followed 
by glutelins, with globulins appearing in the third place (Segura Nieto et al., 1 994). Since 
seed storage proteins are found in the largest amounts (Fukuyima, 1 99 1  ), it is striking that the 
albumin fraction, which usually accounts for the biologically proteins, is found in that highest 
amount in amaranth seeds, although albumins have been also described as reserve proteins in 
some plants (Higgins, 1 984; Martinez et al., 1 997). In amaranth, however, two types of albumin 
have been described (Konishi et al., 1 99 1  ): albumin I ,  removed with water and /or solutions; 
and albumin 2, extracted with water after the flour has been treated with saline solutions to 
remove albumin 1 and globulins. Because albumin 2 resists treatment with pronase, which 

- - - - --� ·-
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digests albumin I, it has been suggested that the albumin 2 fraction is located in more protected 
sites, perhaps associated with protein bodies, which would account for its role as a storage 
protein. Because of its unique solubility characteristics, the reported differences of the main 
fractions (Segura-Nieto et al. ,  1 994) could result from the sequence in which the solvent had 
been used; therefore, the albumin 2 fraction would appear as included in either the globulin or 
the glutelin fraction (Konishi et al., 1 992). 
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Albumin I and 2 have been investigated by several researchers (Mora-Escobedo et al., 
1 990; Segura-Nieto et al. ,  1 992; Marcone et al., 1 994a; Martinez et al., 1 997). On the other 
hand, the globulin fraction has been thoroughly studied (Segura-Nieto et al., 1 994) and a 
major globulin of the 1 1  S type, amarantin (Konishi et al., 1 985a; Marcone and Yada 1 99 1 ,  1 992; 
Barba de la Rosa et al., 1 992; Romero-Zapeda and Paredes-Lopez, 1 996) has been described, 
together with a minor fraction of the 7S leguminous type (Barba de la Rosa et al., 1 992; 
Segura-Nieto et al. ,  1 992). The major globulin, with a dodecameric quaternary structure­
similar to that ascribed to soy 1 1  S globulin (Marcone et al., 1 994b) was made up, similarly to 
these globulins, by acid subunits (A) of molecular masses in the range of30-40 kDa and basic 
subunits (8) of about 20 kDa (Segura-Nieto et al., 1 994). Furthennore, other monomeric 
peptides, which were not included in this category because of their higher or lower molecular 
weights, have been reported (Segura- Nieto et al., 1 994). 

Alcohol soluble proteins from A111ara11tlms seeds differed from prolamin fractions of cereals 
and plants (Gorinstein, 1 993). A novel a-amylase inhibitor (which belongs to a group of small 
proteins called "knottins") (Chagolla et al., 1 995; Lu et al., 1 999) was isolated from A. 
hypochondriacus seeds. 

Zheleznov et al. ( 1 997) reported a 1 3-2 1 % variation in seed protein content in wild and 
cultivated forms of amaranth. The latter authors also stated that seed proteins of amaranth 
were highly nutritive and composed presumably of easily digestible albumins and globulins 
(over 50 % of total protein), of20.8 % alkali-soluble proteins-glutei ins with similar nutritive 
value; and of 1 2  % alcohol-soluble protein-prolamins, which were lacking in essential amino 
acids. 

Amino acid analysis demonstrated that albumins are a good source oflysine but are deficient 
in leucine and threonine. Lysine content was lower in globulins, but globulins were richer in 
leucine. Most essential amino acids of both proteins were acceptable compared to the FAO/ 
WHO/UNU reference pattern (Mora-Escobedo et al., 1 990). Cheeke et al. ( 1 980) reported 

-� -- - -.-- - - - -
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that the amino acid content of A111ara11t/111s leaf protein was comparable to that of soybean 
meal. L-Lcucine was the limiting amino acid in IO amaranth (A. cr11ent11s) seed samples (Becker 
et al., 1 981  ). Correa et al. ( 1 986b) found that the protein content of several A111ara11tl111s seeds 
had a high lysine (5.3-6.3 %) and S amino acids content (3.4-4.0 %) and leucine could be 
limiting. According to lmeri et al. ( 1 987) the average values for methionine, threonine, cystine, 
leucine, and lysine were 1 68, 276, 74, 381  and 370 mg/g N respectively in 25 varieties of 
amaranth (A. ca11dat11s) . Lysine ranged from 5.2-6.0  g/ l 6g N-in the seeds of A. caudatus, and 
the limiting amino acids were lcucine, followed by valine or threonine (Pedersen et al., 1 987a). 
In comparison with fine wheat flour, the flour from A. hypocho11driac11s had high lysine content 
(5.95 g/ 1 6  g N in comparison with 2.90 g/ 1 6  g N)  (Dodok et al.\ 1 997). 

Consistent changes in the free amino concentrations in response to Na nutrition were 
observed in mature leaves of A. tricolor. Alanine (58), y-aminobutyric acid (59), and glycine 
(60) were present in greater and aspartate and arginine in lower concentrations in mature 
leaves of Na-deficient that in normal plants (Grof et al., 1 986). 

58 Alanine 

H2N�COOH 

59 y-A minobutyric acid 
(ll·Alanine) 

60 Glycine 

Two small (29 and 30  residues) basic proteins named Ac-AMPI and Ac-AMP2, with 
strong antifungal and antimicrobial properties were isolated from the seeds of A. caudatus 
(Broekaert et al., 1 992). They are probably involved in the protection of seeds or seedlings 
against fungi and microorganisms. Investigation of the protein-carbohydrate interaction by 
1 H-NMR titration studies of Ac-AMP2 with N,N,N"-triacctylchitotriose showed a specific 
binding with an association constant at 3 1 5  K of200 I mot· 1 pH 2 and of 1 000 I mot· 1 at pH 7 
(Verheyden et al., 1 995). The conformation in water of the antimicrobial protein Ac-AMP2 
was determined using ' HNMR, DlANA and restrained molecular modeling (Martins et al., 
1996). EI Bouyoussfi et al. ( 1 997) determined the disulphide bridge pairing of Ac-AMP2, 
using a fast method involving enzymic fragmentation followed by identification of the 
fragments with FAB mass spectrometry. The results confirmed the location of the three­
disulphide bridges as previously established by Martins et al. ( 1 996). The purification and 
characterization of the antiviral protein (AAP29) from the leaves of A. mangostanus have 
been also reported (Cho et al., 1 995) 

Singh et al. ( 1 993) purified two Amara11thus lectins, namely A. caudatus (ACL) and A. 
spinosus (ASL). Both lectins showed similarities in biological and physico-chemical properties. 
These are dimcric proteins composed of subunits having molecular weights of 35,800 and 
37,000 Da respectively, which arc not held together by disulphide linkages. The two lcctins 
were found to be non-specific and reacted with human and various animal erythrocytes. These 
are glycoprtoeins having no metal ion requirement for their activity. A lectin of molecular 
weight - 45,000 per subunit from A. le11coca1p11s seeds was also isolated (Zenteno and Ochoa, 
1 988). It was found to be a glycoprotcin (IO % cut weight /wt. carbohydrate) containing six 
N-acetyl-D-glucosamines, four D-galactose, one D-glucose and traces of xylose residues for 
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each three D-nrnnnose residues per mol. Its amino a�id composition revealed predominance 
of acidic residues (aspartic (61 ) and glutamic (62)) and of glycine and alanine. In addition, the 
lectin contains an unusual amount of essential amino acids such as meth ionine, tryptophan 
(63) and lysine. In contrast to A. ca11dat11s hemagglutinin, A. le11cocw7111s lectin is inhibited by 
serum glycoproteins such as fetuin, it is mitogenic, and is not toxic (Zenteno and Ochoa, 
1988). A N-acetyl-a-D-galactosamine-specific lectin from the seeds of A. pa11ic11/at11s was 
isolated and found to be a homo dimer and a glycoprotein ( I 0.5 % carbohydrate) with molecular 
weight of a subunit of 27,000. Its amino acid composition revealed high content of valine, 
leucine, and acidic amino acid residues. This lectin a lso had high contents of methionine, 
tryptophan and l ysine. A lectin (Al-lML) with no carbohydrate moiety was isolated from seeds 
of A. hypoc/1011driac11s var. 111exico. AHML was specific for N-acetyl-D-glucosamine as were 
the other A111ara111l111s lectins. AHML has a native molecular weight of 45 .0 kDa and was 
composed of identical subunits with a molecular weight of 3 .6 kDa (Ozeki et al., 1996). A. 
paniculatus lectin agglutinated nonnal and papain-treated rabbit and human A, B, and 0 
erythrocytes (Sawhney and Bhide, 1992). The seeds of A. leucoca17111s meal had a protein 
efficiency ratio of 2.15 when the lectins had been removed compared to 1.95 for the control 
meal (Calderon de la Barca et al. ,  1985). Seeds of several A111aranthus species were reported 
as lectin-rich taxa (Pelia and Sandhu, 1990). 

61 Aspar1ic acid 62 Glutamic acid 63 Tryplophan 

A. caudatus agglutinin (ACA or amaranthin) is a lectin purified from seeds of the amaranth 
grain. ACA is a tightly associated homodimer of 66,000 molecular weight and contains two 
identical carbohydrate-binding sites. Unlike most lectins, ACA is not gl ycosylated and does 
not require metal cations for sugar binding. A. caudatus agglutinin contains a novel arrangement 
of four �-trefoil domains. The sugar-binding site provides specificity for the carcinoma­
associated T-antigen disaccharide even when 'masked' by other sugars (Transue et al. ,  1997). 

Amaranthus starch has been studied and some interesting findings have been reported, 
e .g. a wide range of viscosity, resistance to shear thinning, stable paste properties, and small 
starch granule size (Kazutoshi and Sakaguchi, 1981; Stone and Lorenz, 1984; Yanez et al., 
1986; Paredes-Lopez et al., 1988, 1994; Paredes-Lopez and Hernandez-Lopez, 1991; Bahnassey 
and Breene, 1994; Myers and Fox, 1994; Zhao and Whistler, 1994; Bhattacharyya et al. , 
1995; Sudhakar et al. ,  1996). A wide range of variation was found in the various properties 
tested both among Amaranthus species and among genotypes of the same species (Corke et 
al., 1997; Wu and Corke, 1999). Physical and functional properties of starches from 93 non­
cul tivated genotypes ofnineAmaranthus species from a world germ plasma collection and an 
additional 31 cul tivated Amaranthus genotypes were tested by Wu and Corke ( 1999). When 
comparing starches from cultivated and non-cultivated genotypes, it was generally found that 
amylose was lower; starch pasting profiles were more consistent with higher peak viscosity, 

- - - - - - - -- - -- --
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lower breakdown, and lower setback; the gelatinization temperature was lower and energy of 
enthalpy was higher. Under cool storage, the hardness of cultivated starch pastes was lower 
and the adhesiveness was higher. Amylose content was a primary factor affecting the physical 
and functional properties ofA111ara11t/111s starch. The average amylose content of all genotypes 
tested was 1 9.2 % with means of I 0 .7 and 23.2 % for cultivated and non-cultivated species, 
respectively (Table 6). 

Amylose content was about 1 4  % and O % of normal and waxy starches of A. 
hypoclw11driacus respectively (Sugimoto et al., 1 98 1  ). Glutinous and non-glutinious starches 
were detected in seeds of A. l,ypoclw11driacus (Okuno and Sakaguchi, 1 98 1  ). The characteristics 
of starch isolated from A. l,ypoclw11driacus have been extensively studied (e.g. Lorenz and 
Collins, 1 98 1 ;  Konishi et al., 1 985b; Perez et al., I 993a,b; Bello-Perez et al., 1 996; Perez and 
Emaldi, 1 998). 

The wild species, A. retrojlexus, considered to be an agricultural weed, had the highest 
mean amylose content, 34 .3 % as compared with 7.8 % for A l,ypochondriacus, which was 
the lowest value. A. tricolor also had a high mean amylose content of 29.0 % (Wu and 
Corke, 1 999). 

Singha( and Kulkarni ( 1 988) reported that A. polygamus and A. gracilis had low amylose 
starches ( 1 1 1 .7 and 97. 1 g/kg respectively), and A. spinosus and A. te1111ifoli11s had appreciable 
proportions ofamylose ( 1 66.7 and 245 .0 g/kg respectively) . 

Many Amaranthus starches were reported to be good thickeners and stabilizers in food 
processing (Singha( and Kulkarni, 1 99 1 ;  Corke et al., 1 997; Bello-Perez et al., 1 998; Wu and 
Corke, 1 999). Suitability of A. paniculatus starch to substitute conventional thickness (e.g. 
maize starch) in textiles printing ofindigosol (solubil ized Vat) was reported (Teli et al., 1 996). 
The potential value of A. l,ypoclwndriacus starch as a major component of corrugated-board 
glues was also reported (Wolkowski et al., 1 997). 

Pectic substances were isolated and characterized from the aerial parts of purple amaranth 
(A. cmentus). Galacturonic acid (64), galactose, rhamnose, xylose, arabinose, fructose (65) 
and glucose were the constituents of the pectic fraction (Sosmina et al., 1 996). Pectic substances 
have been also characterized from the seeds of A. caudatus (Chernenko et al., 1997). 
Experiments with isolated rat heart showed that pectin isolated from A. cruentus caused coronary 
spasm without changing contractile tone (Desalen et al., I 997). 

HO
�
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�
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OH 

64 Galacturonic acid 65 Fructose 

Sucrose was the major sugar of A. cruentus seeds followed by raffinose (66). Inositol (67), 
stachyose (68) and maltose (69) were also found in small amounts (Becker et al., 1981 ). 

There have been a number of investigations into the composition of the seed lipids of both 
vegetable amaranths [A. caudatus (A. edulis), A. cmentus,A. dubius, A. tricolor (A. gangeticus)] 
and the weed species (A. hybridus, A. retrojlexus, A. spinosus) ( e.g. Stoller and Weber, 1970; 



Table 6. Genetic variation in starch content, amylose content and pasting of Amaramhus and reference starches• 
Species Growth No. of Starch Amylose PY HPV P .  umc CPV BD. SB 

Location Genotypes (%) (%) (RVU) (RYU) (min) (RVU) (RVU) (RVU) 1 .  A. cruentus Beijing_ 1 4 22.0±1 8.5 1 9.2±14.2 248±83 1 73±70 7.7±0.3 2 1 0±1 1 1  75 38 
Wuhan 34 1 9.5 ± 15. 1 25.0±1 5.7 288±109 202±80 7.9±0.4 288±1 25 86 1 06 2. A. dubius Wuhan 3 3 .4±1 .8 24 .6± 10.5 3 .  A. hybridus Beijing 8 7.9±2.2 1 9.8±4. 8  2 1 0±78 1 82±66 8 .9± 1 .2 24 1±93 27 40 
Wuhan 6 5 .3±2 . 1  22.3±6.6 2 1 3±70 1 74±36 8.6±0.9 244±80 39 1 1 7 

4. A. hypochondriacus Wuhan 6 37.6±1 6.6 7.8±1 2.7 1 72±56 127±56 8.3±0.4 1 5 1±79 45 49 5. A. pumilus Beijing 3 5 . 1±0.4 1 9.7±6.9 1 04±20 1 02±25 9.0±1 .4 1 2 1±28 2 1 2 1  6 .  A. retroflexus Wuhan 3 6. 1±0.6 34.3±3.5 222±9 223±5 7.9±1 .0 289±38 - 1  65 7. A. spinosus Wuhan 4 3 .2±1 .3 1 8. 1±1 1.6 20 7±82 2 1 7±86 9.2±0.6 253±109 - 1 0  37 8 .  A. tricolor Wuhan 8 4.0± 1 .0 29.0±9.9 1 62±1 04 1 76±87 9.9±1 . 1  1 90±84 - 14 14 9. A. viridis Wuhan 3 2.0±0.3 1 2.9±8.0 1 72±0 96±1 1 0.9±0.3 90±0 76 -6 )> 

Cultivated species 3 1  36.4±1 1 .6 1 0.7±12 .4 296±227 1 5 1±48 7.9±0.4 1 85.3±7 1 144 59 i:.: 

Non-cultivated species 93 1 4.5± 15. 1 23.2±13.2 229±99 1 76±72 8.4±1 .0 233.3±1 12  52  57  F 
:c 

Total 1 24 20. 1±1 7.3 1 9.2±13.9 253±155 1 66±67 8.2±0.9 225.4±155 86 57 C/l 

Maize starch na 24.3 353 1 1 7 7.4 287 236 1 70 ;;,;; 

Rice starch na 1 5 .7 296 1 56 7.4 280 1 40 124 ;,;--

Wheat starch na 28. 1 3 1 2  1 87 8.2 362 125 1 75 )> 

� 
'PV = peak viscosity; HPV= holding viscosity; P,,.,. = time to peak viscosity; CPV = cool paste or final viscosity. Values ±standard deviation. BO= breakdown (PV-HPV); . .  
SB=setback (CPV-HPV). RVU = Rapid Visco Analyzer units; na = not available; . . .  = A. dubius not tested for pasting properties. )> 

i:.: :::. 

� 
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Dixit and Varma, 1971; Opute, 1979; Becker et al., 1981; Fernando and Bean, 1984; Lorenz 
and Hwang, 1985; Bressani et al., I 987; Prakash and Pal, 1992; Yanez et al., 1994; Karaseva 
et al., 2000). The lipid content of the grain of four Amarant/111s species, studied by Opute 
(1979) ranged from 16.95 % for the common weed A. spinosus to 9.75 % for the garden 
omamental, A. arthrop11rp11re11s (Table 7). Fifty-nine percent of the fatty acids present in A. 
111 11ricatus were unsaturated with linoleic acid amounting to 40 % of the total fatty acid content 
(Escudero et al., 1999a). 

66 Raffinose 

gal-(a1-6)-gal-(a1-s)-glu-(a1-2P)-fru 

68 Stachyose 

B?H 
ct} OH 

OH 

67 Inositol 

�0/41 
OH OH 

69 Maltose 

Table 7. Total lipid and fatty acid composition of four Amarant/zus species 

Species Total lipids Fatty acid 
1 4: 0  1 6: 0  18:0 1 8: 1  18:2 1 8:3 

1. A. artlzropurpureus 9.75 0.3 22 .5 2 .5 29.1 44.2 0.8 
2. A. hybridus 10.99 0. 2 21. 1 5.4 2 1 .3 50.4 0.7 
3. A. spinosus 1 6.95 0.2 1 9.3 4.3 24.0 48.7 0.5 
4. A. tricolor 9.92 0.3 1 9.8  4.4 20. 2  53.7  0.4 

20: 0  
0.6 
0.8 
0.9 
1. 1 

Free lipids of 8 varied Amaranthus varieties, studied by Lorenz and Hwang ( 1985) ranged 
from 5.69-7.23 % and bound lipids from 0.42-0.91 %. Crude fat content of grains of 21 
Amaranthus. accessions (eight.species) ranged from 5.2-7.7 % (Budin  et al., 1996). 

Study of the fatty acids revealed that the major fatty acids of the seeds were l inoleic, oleic, 
stearic and palmitic acids. The unsaturated acids constituted about 70 % of the total acids. 
Trace amounts of the following acids were found in some studies: myristic, palmitoleic, linolenic 
(70), arachidic (71 )  and lignoceric (72) (Opute, 1979; Bertoni et al., 1984; Fernando and 
Bean, 1984,1985; Lorenz and Hwang, 1985; De Arellano et al., 1996; Dailey et al., 1997; 
Dodok et al., 1997). Docosenoic acid (C22) was present in  A. cruentus at the level of 9 % 
(Yanez et al., 1994). I n  some of these studies (Stoller and Weber,. 1 970; Opute, 1 979; Lorenz 
and Hwang, 1985), the nonpolar lipids were further characterized as triglycerides (major 
component), sterols, sterol esters, d iglycerides, monoglycerides, free fatty acids and 
hydrocarbons. A. gangeticus leaves yielded on extraction with chloroform-methanol, 10.6 % 
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lipids (dry weight ), which was separated into nonpolar lipids (53.6 %), glycolipids (33 .8 %), 
and phospholipids ( 1 2.6 %) (Lakshminarayana et al., 1 984). The nonpolar lipids were made 
up (weight %) of pigments (8. 1 ), hydrocarbons (4.9), ester waxes ( 1 .8), fatty acid methyl 
esters (2. 7), triacylglycerols (6.4), fatty acids (5 .6), diacylglycerols (5.6), sterols (9.3), 
monoacylglycerols (4.7) and unidentified components (4.5). The glycolipids comprised (weight %) 
monogalactosyl diglycerides ( 1 5.6), steryl glycosides ( 4. 1 ), cerebrosides (6.8) and digalactosyl 
d ig lycerides (7 .3 ) .  The phosphol ipids consisted (weight %) of cardiol ip in (2 .0), 
phosphatidylglycerol (73) (3 . 1 ) ,  phosphatidylethanolamine (74) (3.2), phophatidylinositol (75) 
( I .  7), and phosphatidylcholine (76) (2.6). The usual fatty acids were found in varying 
concentrations in di fferent lipid classes. /rans-3-Hexadecenoic acid amounted to 1 2.3 % in 
phosphatidylglycerol fatty acids (Lakshminarayana et al., 1 984 ). Phosphatidylserine (77) was 
also reported in the polar lipids by Lorenz and Hwang ( 1 985). 

,. 15 " 
70 linolenic acid 

20 

71 Arachidic acid 

24 

72 lignoceric acid 

73 Phosphatidylg/ycerol; A1 = A2 = fatty acid residue 

COOH 

COOH 

COOH 
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74 Phosphatidylethanolamine; Z= �NH3 

0 
76 Phosphatidy/cho/ine; Z= .,r"--NMe3 

77 Phosphatidy/serine; Z= 

75 Phosphatidylinositol 
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Acy I l ipids and their constituent fatty acids were studied in leaves, chloroplasts, and bundle­
sheath strands of A. pa11ic11latus, grown under normal and 4 % oxygen-containing atmosphere 
(Knacker and Schaub, 1 984). In a l l  fra ction s, the maj or l ipids were 
monogalactosyldiacylglycerol, digalactosyldiacylglycerol, sulfoquinousyldiacylglycerol and 
phosphatidy lgl ycero l.  Sign ificant quant i t ies of phosphatidy l ch ol ine  and 
phosphatidylethanolamine were restricted to leaves and bundle- sheath strands. Al l  lipids, 
except phosphatidylglycerol, where 3-trans-hexadecenoic acid was also present, contained 
palmitic, stearic, oleic, l inoleic and l inolenic acids. 

The nonpolar l ipids of A. palmeri (leaves and flowering parts), were studied by Dailey et 
al. ( 1 989, 1 997) .  The wax ester consisted of a series ofC36-C56 homologues, with the C40, C42, 

c44' c46 and c4K homologues being predominate. The major wax ester fatty acids were c l 6' c,K' 
C20, C22 and C24• Similar trends in carbon number distribution were found between free and 
bound fatty alcohols, with the c22' 

c
24' c

26' c2K' CJ() and c32 homologues predominating (Dailey 
et al., 1 989). 

Fernando and Bean ( 1 985) studied the sterol s of seeds of weedy and vegetable species of 
Amara11t/111s. The maj or sterol was spinasterol (78), which ranged from 46 to 54 % of the total 
sterol mixture. �7-Stigmasterol (79) occurred in the next higher amount, with l esser amounts 
of ergosterol (80), stigmasterol and 24-methylenecycloartenol (81). The desmethyl sterol 
content, of nineteen species and varieties of Amaranthaceae (Amaranthus and Celosia) varied 
from 0.0084 % to 0.034 % of the total dry weight (Xu et al., 1 986). In these species spinasterol 
and 7-stigmastenol were the dominant sterols, although low level s  of five unsaturated sterols 
were detected. Minor sterols identified in � l  species included cholesterol (82), campesterol, 
stigmasterol and sitosterol as well as 7,22-stigmastadienol,7,24(8)-ergostadienol,7-ergostenol, 
7,25-stigmastadienol, and 7,24(8)-stigmastadienol. Stigmastanol and 24-methylcycloartenol 
were also present (Xu et al., 1986). On the other hand, Endo et al. ( 1 995) reported that the 
major sterol of the seeds from varieties of A. caudatus, A. cruentus and A. hypochondriacus 
was sitosterol. Chondrialasterol was the maj or sterol ofl eaves and flowering parts of A. palmeri. 
The sterol s campesterol , stigmasterol, ergost-7-en-3� -ol, chondril l ast-7-enol and 24-
ethylidenecholest-7-en-3� -ol were presen t in lesser quantities (Dail ey et al., 1997). a­
Spinasterol glucoside and �-sitosterol glucoside were identified from A. chlorostachys (Sarg 
et al., 1 993). 

HO HO 

78 cx-Spinasterol 79 t.7-Stigmasterol 80 Ergosterol 

Three ecdysteroids, amasterol (83), ecdysterone, pterosterone and a sesquiterpene lactone 
iresin, were isolated from A. indica (Bratoeff et al., 1996). 

Several triterpenes were isolated fromAmaranthus species. 24-Methylenecycloartanol was 
identified in A. tricolor (Fernando and Bean, 1984), A. palmeri (Daily et al., 1997) and others 
(Fernando and Bean, 1985; Xu et al., 1986). Lupeol and lupeol acetate were detected in A. 
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c/1lorostachys (Sarg et al., 1 993). Dailey et al. ( 1 997) identified a-amyrin and l} -amyrin (84), 
lupeol and cycloartenol in A. palmeri. 

HO 

81 24-Methylenecycloartenol 82 Cholesterol 

HO 

83 Amasterol 84 P-Amyrin 

Investigation of the root of A. spi11os11s revealed the presence of two saponins: l} -D­
glucospyranosyl-( 1 �2)-1} -D-glucopyranosyl-( I �2)-1}-D-glucopyranosyl-( I � 3)-a­
spinasterol and l} -glucopyranosyl-(1 �4 )-1}-D-glucopyranosyl-( 1 �3)-a-spinasterol (Banerji , 
1980). Several triterpenoid saponins were isolated from the leaves of A. ca11datus (Rastrelli et 
al., 1998) and from seeds of A. cruentus (Junkuszew et al. , 1998). lonol-derived glycosides 
were also isolated from A. ca11datus (Rastrelli et al. , 1998). A. chlorostachys and A. tricolor 
contained 2.19 % and 2.89 % saponins (Ateya, 1992). 

Seed heads of A. palmeri were rich in 2-heptanone (85), which was consistently found, 
together with 2-heptanol, in all tissues (Connick et al. , 1987). Nine volatile methyl ketones 
(2-heptanone, 2-octanone, 2-nonanone, 2-undecanone, 2-hexanone 3-methyl-2-butanone, 2-
pentanone, 3-hydroxy-2-butanone and 2-butanone) (Bradow and Connick, 1 998a) and eight 
low molecular weight aliphatic alcohols and aldehydes (2-heptanol, 3-methyl- 1 -butanol, 1 -
hexanol, hexanal, 1 -pentanol, acetaldehyde, ethanol and 2-methyl-1-propanol) (Bradow and 
Connick, 1988b) were identified in the mixture of volatiles released by A. palmeri. These 
volatile compounds significantly inhibited the germination of carrot, tomato, onion and A. 
palmeri seeds (Bradow, 1985; Bradow and Connick, l 988a,b ) . 

85 2-Heplanone 

Fischer and Quij ano ( 1 985) isolated phytol (86),  vanill in (87), 3-methoxy-4-
hydroxynitrobenzene (88)  and 2,6-dimethoxybenzoquinone (89) from A. palmeri . 
Hydroxycinnamic acid esters, e.g. (E)-caffeoylisocitric acid (major) and p-coumaroyl-and 
feruloylisocitric acids (minor) were isolated from the cotyledons of A. cruentus (Strack et al. , 
1987a). Sixteen phenolic acids ( ellagic (90), gallic (91), chlorogenic (92), protocatechuic (93), 

- - - �- - - -
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homoprotocatechuic (94), caffeic (95), gentisic (96), p-coumaric (97), ferulic (98), syringic 
(99), vani l l ic (100), salicylic (101), p-hydroxyhenzoic (102), p-hydroxyphenylacetic (103), 
3,4-dimethoxycinnamic acid (104) and y-resorcylic acids) were identified inAmaranthus spp. 
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Table 11. Genetic variation in thermal properties of Amaranthus and reference starches• 
Species Growth No. of T, (OC) T (°C) T/OC) � H(J/g) T 

r 

Location Genotypes (Tc-T) 
I. A. cruentus Beij ing 14 68.8±2.5 77.8±1.8 89.1±1.3 13.1±2.7 20.3 

Wuhan 34 62.3±2.0 78.0±1.7 89.6±1.8 13.3±1.8 27.3 

2. A. dubius Wuhan 3 72.4±1.1 82.0±1.0 91.4±1.2 8.4±1.7 19.1 

3. A. hybridus Beij ing 8 66.8±2.8 75. 3±3.2 86.8±3.0 8.7±1.5 20.0 
Wuhan 6 68.0±2.7 78.8±2.6 89.1±1.3 10.8±2.3 21.1 

4. A. hypochondriacus Wuhan 6 66.1±2.0 73.9±2.0 88.8±1 .0  14.5±1.0 22.6 

5. A. pumilus Beij ing 3 69.6±0.7 76.}±0.5 86.5±1.5 7.3±0.8 17.0 

6. A. retroflexus Wuhan 3 68.9±2.0 78.1±1.4 89.2±1.1 11.2±0.6 20.4 

7. A. spinosus Wuhan 4 67.6±1.3 79.6±0.7 90.6±2.6 8.6±3.3 23.0 
)> 

8. A. tricolor Wuhan 8 73.0±2.5 82.0±1.3 91.5±1.2 10.0±2.3 18.5 tTl 

9. A. viridis Wuhan 3 71.9±0.7 80.2±0.9 87.9±3.3 6.7±1 .4 16.0 p 

Cultivated species 31 67.0±6.7 75.6±7.2 86.7±8.3 13.4±2.3 19.7 Cl) 
Non-cultivated species 93 68.8±2.7 77.9±2.8 89.2±2.1 11.5±2.9 20.4 ;;:::, 
Total 123 68.2±4.1 77.2±4.3 88. 5±4.4 12.0±2.9 20.3 N. 

.';I';" 

Maize starch 62.8 71.9 82.8 11.1 20.0 )> 

Rice starch 61.4 78.7 88.6 11.8 27.2 � 
W heat starch 56.6 63.9 75.1 9.2 18.5 )> 
"T

0
= onset temperature;T• =peak temperature; T, =completion temperature; DH= energy of enthalpy (Jig). Values±�tandard deviation. 

Tr= gelatinization temperature range (T,-T). 

:l. 

tTl 
� 



Table 12. Genetic variation in textural properties of Amaranthus and reference starch pastes after 24 hrs and 7 days at 4°Ca 

Species Growth No. of Change from 24 hr to Location Genotypes After 24 hr After 7 days 7 days Hardness adhesiveness Hardness adhesiveness Hardness adhesiveness 
l. A. cruentus Beij ing 14  1 1 8±97 1 .2±1 .8 224±190 1 .4±2 . 1  90 1 1  Wuhan 34 1 72±135 1 .5±2.0 284±247 1 .4±2.5 65 -7 2. A. dubius Wuhan 3 1 36±97 3.0±5.2 257±20 1 1 .0±1 .7 89 -67 3. A. hybridus Beij ing 8 1 39±64 1 1 .8±10.5 149±73 9.7 1±6. 1 7 - 1 7  Wuhan 6 1 29±65 9.8+13 .4 1 59±7 1 9.0±6.6 23 -8 4. A. hypochondriacus Wuhan 6 55±95 7.8±10.9 67±1 19  2.3±2.3 23 -68 5. A. pumilus Beijing 3 1 14±1 1 2  1 . 7±2.9 1 98±1 8 1  1 .3±0.6 73 -20 6. A. retrojlexus Wuhan 3 289±36 3 .3±0.6 375± 178 2.0±3 .5 30 -39 7. A. spinosus Wuhan 4 240±55 7.5±10.6 53 1±162 7.5±6.4 1 2 1  0 8. A. tricolor Wuhan 8 1 94±86 7.8±8 .8 327±201 3 .5±4.4 69 -55 9. A. viridis Wuhan 3 70±1 1 7.0±8.5 63±13  4.0±2.8 - 1 0  -43 Cultivated species 3 1  58±62 3.8±4.2 84±106 3 .7±4.5 45 -2 Non-cultivated species 93 1 52±1 1 3  6.4±9.6 237±207 3 . 1±4.5 56 -52 Total 1 24 1 34+ 1 20 6.3±9.6 200+ 1 98 3 .6±5 . 1  49 -44 - -Maize starch 560 36 764 0 36 - 1 00 Rice starch 88 1 3  1 74 1 6  98 23 Wheat starch 48 1 40 447 2 1  7 -48 
'Values±standard deviation. 
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In quanti tative and qualitative terms, A. viridis was found to be an excellent source of 
protein. Its amino acid composition compared favourably to that of a World Health Organization 
(WI  10) for protein standard (Sena et al. , 1998). 

The leaves of A. viridis, growing in Niger contained 18.4 % protein; the ammo acid 
composition of which was as fol lows: aspartate, 13.3; glutamate, 23.7; serine ( 1 18), 9.12; 
glycine 9.65; histidine ( 1 19), 3.75; arginine (120), 13. 7; threonine, 9.16; alanine, 10.6; pro line 
(1 21 ), 10.7; tyrosine (122), 8.94; valine, 11.9; methionine, 2.11; isoleucine (123), 8.78; l eucine, 
16.1; phenylalanine, 10.5; lysine, 9.94; cysteine (124), 3.96 and tryptophan, 8.11 mg/g dry 
weight (Freiberger et al. , 1998). 

118 Serine 119 Histdine 

122 Tyrosine 

120 Arginine 
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The seeds of A. viridis had a very l ow starch yield (2.0 %) as compared with other 
Amaranthus species (Table 6). The thermal and textural properties of the starch are shown in 
Tables 11 and 12 (Wu and Corke, 1999). 
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An antiviral protein (amaranthin with a molecular mass of 3O kDa) was purified from the 
leaves of.A. viridis. Cytotoxicity of the amaranthin was similar to that of pokeweed antiviral 
protein (PAP) (Kwon el al., 1997). 

The total lipid of A. viridis, growing in Spain, amounted to 0.29 % of the fresh weight of 
which the fatty acids represented 85.93 %. The fatty acids, identified in the same sample 
were: c 14:II' 0. 78; c l fi:O' 21.08; c l fi.Jm(,' 0.40 I; c(,:2m6' 0.35; c 1 6: lm7' 1.59; C IK:O' 3.30; C IK:J<o1J' 24.34; 
CI H·2cn<,' 20.24; C IH:Jm<,' 0.25; C IK lm7' 0.33; CI H: l<o1'l' 8.60; c20:0' 0.57; c20:lc,,6' 0.24; c22:0' I. 75; c24 :0' 
1.18 (Gui I et al., 1996a). The fatty acids identified by Freiberger et al. ( 1998) from the leaves 
of A. viridis, growing in Niger, were: C 1 6,0, 5.26; C 1 8,0, 0.72; C1 8, 1 119, 0.72; C 1 8,M,' 0.70; C 1 8,3,,3, 

3.83 and C20,0, 15.2 mg/g. The leaves of the plant, growing in Pakistan, contained palmitic 
acid as the major fatty acid (77.8 % of total fatty acids) (Khan and Khan, 1989) . A. viridis has 
been reported as a rich source of essential fatty acids (C1 8  2,,,6 and C1 8,3 ... 3) and carotenes (Guil­
Guerrero and Rodriguez-Garcia, 1999). 

24-Ethyl-22-dehydrolathosterol (24-ethyl-5a.-cholesta-7, trans-22-dien-313-ol, spinasterol) 
was the predominant component of the 4-demethylsterol fraction separated from A. viridis. 
The other iden tifi ed sterols were three �7-sterols (24-methyllathosterol, 24-methyl-22-
dehydrolathosterol and 24-ethyllathosterol) and two �5-sterols (24-ethylcholesterol and 24-
ethyl-22-dehydrocholesterol) (Behari et al., 1986). The fatty acid, sterol and hydrocarbon 
content of the lipid extract of A. viridis, growing in Egypt were reported by EI-Hossary et al. 
(2OOOa). 

Amasterol, an ecdysone precursor and a growth ·inhibitor, was isolated from the roots of A. 
viridis (Roy et al., 1982). 

From.A. viridis, growing in Emrpt, three flavonoids were isolated and identified as quercetin, 
isoquercetin and rutin. Also, a triterpene saponin glycoside was isolated and its saponin content 
amounted to 0.4 %. The aqueous, alcoholic and butanolic extracts possessed variable degrees 
of anti-inflammatory, antipyretic and antihepatoxic effects. Moreover, the aqueous extract 
showed an anthelmintic effect (El-1-lossary et al., 2OOOb) .  

Ascorbic and dehydroascorbic acid (125) of A. viridis, growing in Spain, were reported as 
very high ( 15.4 mg/I 00 g) .  The nitrate content of the same sample was 597 mg/I 00 g (Gui I et 
al., 1997). 

125 Dehydroascorbic acid 

The vitamins and antinutrients of the leaves of A. viridis, growing in Spain, were as follows: 
moisture 81.17±3.12 g; ascorbic acid, 103±35; dehydroascorbic acid 36±9; carotenoids, 
15.4±4.1; oxalic acid 960±220 and n itrate, 597±67 mg/10O g plant (Gui) et al., 1997). 
Carotenoids of A. viridis, growing in Brazil, were 4.0 g/1OO g (Mercadante and Rodriguez­
Amaya, 1990) and 11.5 mg/g for the plants growing in India. A. viridis, from India contained 
I, I 00 oxalic acid and 680 nitrate mg/I 00 g plant (Prakash and Pal, 1991 ). Vitamin C was also 
earlier found to be 35.1 mg % in the leaves of A. viridis growing in Brazil (Wasicky and 
Ferreira, 1951 ). The mean provitamin content per 100 g of edible portion was 640 retinol/ 
equivalent for A. viridis, growing in Netherlands (Hulshof et al., 1997). 
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The mineral content of A. viridis leaves, growing in N iger, was as follows: Ca, 27,400; Cr, 
9.30; Cu, 8.50; Fe, 687; K, 65,000; Mg, 14,700; Mn, 39.4; Mo, 7.50; Na, 1,160; Ni ,  6.10; P, 
3,91 O; Se, 19.3 and Zn <5.0 µ g/g dry weight. High concentrations of P were also reported in 
A. viridis leaves. The plant also contained significant amounts of selenium (Ezeala, 1985; 
Freiberger et al. ,  1998). 

The trypsin-inhibitor content of A. viridis leaves amounted to 1.43 µ g/mg dry weight of 
plant and its heat resistance was I 00 % (Vanderjagt et al., 2000). 

IV. ASCLEPIADACEAE Borkh. 
1. GLOSSONEMA Decne. 

1 . 1 .  Glossm,ema ed11/e N.E.Br. Kew Bull. 1 83 ( 1 895). 
Atter, Jarawa, Yarawa (Ar.) 

Short-lived perennial herb dying back and re-appearing with the onset of the rainy season. 
Roots deep, whitish and fleshy. Stem whitish, very leafy with dark green-greyish leaves. Leaves 
petiolate, broadly ovate with undulate margins and distinct mid-ribs. Inflorescences cymose; 
flowers deep yellow. Fruit a pair of ovoid follicles with sotl scattered prickles, pale green 
when young becoming darker and mottled at maturity. F lowers and fruits with the onset of the 
rainy season. 

Habitat and distribution 
Widespread along depressions, watercourses, sandy stony soils throughout Qatar. 
Fruits col lected in ·eason; edible. 

- - - - - -- -
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Constituents 
The minerals of G. edule growing in Qatar are shown in Table 178 (Al-Easa 2002d). 

The nutritive constituents of both the pericarp and the unripe seeds of the fruit have been 
reported (Table 14). The pericarp constituted 59.52 % of the fruit, while the unripe seeds 
constituted 40.48 %. (Rizk et al., 1983a). Investigations of the amino acids in both parts 
revealed slight quantitative difference with chemical scores of 40 for each of methionine and 
tryptophan and 65 for lysine. The ratio of essential:total amino acids averaged 34.5 as compared 
with a corresponding value of 4 7 .4 for the reference egg proteins (Table 15). 

Table 14. Chemical constituents of Glossonema edule 
Constituents Whole fruit Pericarp Unripe seeds 
Moisture % 87.4"±3.6 88.05"±2.8 86.35"±4.3 

g % in dry matter 
P rotein 14.70±3.1 11.05±2.8 19.45±3.7 
Lipids (ether extract) 2.69±1. 9 3.69±3. 0 1.44±4.0 
Crude fibre 11.22±6.0 16.60±4.9 4.29±5.5 
Soluble-carbohydrates 63.29±5.8 59.70±5.6 67.92±8.0 
Ash 7 .19±1. 1  7.80±3.2 6.40±2.3 

mg/J00g dry matter 
Iron ( l0)h 3.67 3.72 3.60 
Zinc (15)h 1.83 1.15 2.70 
Copper (2.0-3.0)h 0.76 0.40 1.23 
Manganese (2.5-5.0)b 2.26 2.16 2.38 

• Mean values of three determinations ± standard error of the mean. 
• mg/day, Recommended Dietary Al lowances ( 1 980) for the adult male. 

As regards the soluble carbohydrates, they amounted to a level which is in agreement with 
the levels found in most of the vegetables and fruits. Glucose, galactose, arabinose and sucrose 
(126) were detected in both parts. However, the unripe seeds were found to contain, in addition 
to the previous sugars, the oligosaccharides melibiose (127) and raffinose. The fiber content 
in the dry matter of the pericarp was quite high and made it suitable for feeding children, 
whose stomach capacity is limited. Yet this high fiber content could prove to be useful in the 
control of obesity (Rizk et al., 1983a). 

��:, H �:]<:::fOH 

OH OH 

126 Sucrose 127 Melibiose 

The study of the fatty acids of both parts revealed slight qualitative and quantitative 
differences (Table 17). The fat was characterized by a high content of palmitic acid (60 % of 
the total fatty acids "TFA") and total saturated fatty acids (80 % TFA). These fatty acids have 
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Velutin (161) (4,5'-dihydroxy-7,3' dimethyoxyflavone) was identified from the leaves of 
A. officinalis ( Majumdar et al. , 1 981 ). 

OMe 

MeO�O�OH 

yu � 
OH 

161 Velutm 

A study by Sassen ( 1 977a,b) on mangroves involving an analysis of monobasic acids 
only, suggested a major input of mangrove lipids to the sediment and presented evidence of 
selective degradation of short-cham fatty acids. 

1 . 1 .  Avice1111ia 111ari11a (Forssk. )  V ierh. in Denkschr. Akad. Wien, Math.-Nat. 71 :43 5  ( 1907). 
syn. Sceura marina Forssk. Fl . Aegpt.-Arab. cv, 85; Cent. II IR ( 1 775). 

Ginn, Schura (Ar.) 

Evergreen dark green mangrove trees or shrubs not exceeding 4 m high producing a cable 
network of breathing roots (pneumatophores), each root 40-60 cm long, corky and covered 
with lenticels. Leaves opposite, hiny green, glabrous above, grey and hairy beneath, ovate to 
ovate-lanccolate. Inflorescences termmal and axillary clusters of small yellow flowers. Fruit 
1 - 1 . 5  cm across; seed. vivaporous germinating in the fruit on the mother plant and exposing 
2 very large fleshy cotyledons. Seedlings drop and are dispersed by the gentle water current. 
Many are lost but some set in sheltered bay and form dense natural forests. 
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Habitat and Distribution 
Mangrove forests arc common on the muddy shorelines of lhc eastern coast of Qatar (widespread from 
Al Rcwcis to AI-Wakra) where many experimental plots and plantations arc on trial since the eighties. 
They seem to be more successful on the north-central parts of the eastern coastline on the tidal zones and 
the lagoons than elsewhere. 
Mangrove forests were the main source of wood and camel fodder in the past. Extensive camel grazing 
destroys the forests. However at present, they are semi- protected. 

Constituents 

The proximate analysis, amino acids, fatty acids and minerals of A. marina, growing tn Qatar, 
are shown in Tables 1 75- 1 78 (Al-Easa, 2002a-d). The unsaponifiable matter of the lipids of 
the same sample contained sterols (29.44 %), hydrocarbons (20.04 %), aliphatic alcohols 
( 1 1 . 35 %), 4-methylsterols ( 1 .82 %) and triterpene alcohols (37.35 %). The following 
hydrocarbons Were identified: C21 0, 2.59; C24,0, 3.24; C25 O, 6. ) 5; C26,0, 5.50; C27,0, 

) ) . 33; C29 0, 

19.42; C3 1 ,0, 1 9.42; squalene (162), 22.65 and a 9. 71 % unidentified others. Eight aliphatic 
alcohols were identified: C I K  O' 5. 7; c

20:0' 0.57; c
2 1 :0' 0.57; c

22:0' 5.71 ; c
2J:O' 1 . 1 4; c

24:0' 6.68; 
C26 0, 9 . 1 4  and C2x,o• 70.29 ° a. The sterol fraction consisted of � -sitosterol (85.02 %) and 
stigmasterol ( 14.98) (AI-Easa et al., 2002). 

162 Squalene 

A marina, growing in Hainan Island (China), con tained 1 . 02 % fat of which th e 
unsaponifiable constituted 0.23 % of it. The fatty acids of lipid of this sample were: C8,0, 

59:91 ; C IO.O' 1 . 62; c
l 2:0' traces; c

l4:0' traces; c
l 6:0' 1.61 ; CI X·O' 1 .63, CI R: I ' 1 . 50; CI R  2' 2.65; C I R  J' 

traces; C20,0, 1.93; C20, 1 , traces, C20,2; 6.67; C22,0, 0.83 and C24,0, 16:08 % (Xu et al. ,  1997a) .  
A marina (hypocotyls, baccae and capsules) have been reported to be a promising source 

for sugars and pectin. It contained reducing sugars (6.09 %), total sugars ( 1 1 .  7 %) and pectin 
(1. 3 %). The percentage sugar constituents were rhamnose (0.12), arabinosc (0. 7 1 ), xylose 
(0.21 ), man nose (0.35), glucose (2.16) and galactose ( 1. 1 2). The pectin is soluble in water; 
with ester methoxyl and galacturonic acid content was 3.74 and 60.05 % respectively (Xu et 
al., 1 997a). 

Glycinebetaine (163) was detected in A. marina, growing in Umm al Qawain, United 
Arab Emirates (Adrian-Romero et al., 1998). Nitrogen content  of the leaves of A. marina was 
reported higher than other mangrove species studied by Kawamitsu et al. (1997). 

163 Glycinebetaine 

The absorption, accumulation and distribution of several heavy metals in the A. marina 
community at Futian Nature Reserve in Shenzhen, China, have been studied (Peng et al. , 
1997). There were significant differences in the content of the heavy metals in different fractions 
of A. marina and the content ranges were: 1 . 8-13.8 for Cu, 0.4-3.15 for Pb; 3.4-69.5 for Zn, 
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0.01 3-0.295 for Cd, 0.28-0. 73 for Cr, 0.43-7.65 for Ni and 25- 1 552 mg/g for Mn. Thomas and 
Fernandez ( 1 997) found Cu, Zn and Pb in higher concentration in A. o.fficinalis, growing in 
Kerala on the south-west of India. 

Biochemical analysis of A. marina foliage, from Pakistan, showed that carbohydrates were 
the major organic metabol ite (57.5 g % dry weight). A. marina, in India, has also more 
carbohydrates, in addi tion to chlorophylls, indicating that inspite of more sal ts in the metabolic 
envi ronment it was betler adopted and was therefore found i n  a more sal ine environment than 
A. o.f/ici11alis (Kotmire and Bhosale, 1 980). The C:N ratio of 1 8 .9: I showed that leaves were 
deficient in protein. Seventeen amino acids were detected. Cystine and aspartic acid were the 
two dominant amino acids. Organic constituents represented 1 3.46 g % dry weight. The leaves 
had a high calorific content (5.68 k cal/g) (Qasim et al. , 1 986). 

The component hydrocarbons, sterols, alcohols, monobasic, a-co -dibasic, and co-hydroxy 
acids of the fresh and decayed leaves and the pneumatophores of A. marina, in Austral ia, were 
reported in detail by Wannigama et al. ( 1 98 1  ). During leaf decay, the total absolu te 
concentrations ofmonobasic acids was reduced largely  due to a decrease in the concentration 
of C 1 K  polyunsaturated fatty acids, whereas the concentrations of the l ong chain monobasic 
acids, co-hydroxy acids, and a-ro-dibasic acids were enhanced. Resistance to degradation shown 
by the cutin-derived acids relative to the cel lular and wax derived l ipids may al low the use of 
these cutin compounds as quantitative markers of A. marina in mangrove associated sediments 
(Wannigama el al. , 1 98 1  ). 

Phytochemical screening of A. marina, from Qatar, revealed the presence of alkaloids, 
flavonoids, saponins and tannins (Rizk, 1 982). Terpenes, sterols, coumarins, carotenes and 
xanthophylls were determined in the different parts of A. marina, growing in the Saudi Arabian 
Red Sea coast (Zahran et al., 1 983). The fol lowing iridoid glucosides were isolated from the 
leaves of A. marina: mussaenoside (164), iridoid glucosides (2'-cinnamoylmussaenoside (165), 
geniposide (166), 5-phenyl-2,4-pentadionylgeniposide (167), 7-O-(5-phenyl-2,4-pentadienoyl)-
8 -epi loganin (168) (Koenig and Rimpler, 1 985). The bark of A. marina was found to contain 
betulic acid, taraxerol, taraxerone and traces of a hydrocarbon probably triacontane (Bel l and 
Duewell, 1 961 ). 

164 Mussaenoside; R = H 166 Geniposide; R = H 
165 2'-Cinnamoyl-mussaenoside; R = cinnamoyl 167 R = 5-phenyl-2,4-penladienoyl 

COOCHa 

RO 

, H • :.-
o-1'CH20H 

O�OH 
RO OH 

168 R = 5-phenyl-2,4-pentadienyl 
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A. 111ari11a found on the seaward fringe or the vegetation (India), has been shown to have 
in their leaves more Na and Cl than in the leaves of A. <4/icinalis. IL was suggested that the 
level of K, was maintained and that helped in increasing salt tolerance (Kotmirc and Bhosalc, 
1 980). The salinity tolerance of A. 11wri11a has been reported (e.g. Ball and Anderson, 1 986; 
Ball, 1 988; Kawamilsu et al., 1 997). 

The ash con lent of the foliage and branch wood of A. marina, growing in Australia, was 
found to be 1 6. 1 1  and 6.67 '¼, respectively. The concentration of the clements in the mature 
foliage and branch wood were respectively as fol lows: N, ( 1 .76, 0.40 '¼,); Ca, (0.33, 0.67 '¼,); 
K, ( 1 . 37, 0 .63 '%); Na (3.1 1 ,  0 .73 %); Cl (6.07, 1 . 57 '¼,); S (0. 32, 0.03 %); P (0. 1 6, 0.08 %); 
Mg (0.57, 0. 1 6  '¾,); Si (0.08, 0.05 %); Al (0.0 I ,  0.0 I '¼,); Ti ( I 0 . 1 ,  5.8�tg/g); Mn (72.0, 7.9 µg/ 
g); Cu (20. 1 ,  9.4 Mg/g) and Zn ( 1 9.35, 5.6�tg/g) d1y matter (Spain and Holt, 1 980). 

The aerial parts of A. 111ari11a, growing in Egypt, contained the fo llowing flavonoids: 
lutcolin-7-O-mcthylcthcr, chrysocriol-7-O-glucosidc, isorhamnctin-3-O-rutinosidc, lutcolin-
7-O-mcthylcthcr-3'-O-P-D-glucosidc ( 169) and its galactosidc analogue ( 170) (Sharaf et al. , 
2000). 

Meo 

169 R = 11·O-glucosyl 
170 R = ll·D-galaclosyl 

OH 

VI. BRASSICACEAE Burnett. 

(CRUCIFERAE Adans.) 

1. BRASS/CA L. 

A great number of Brassica species are used as food and feed. Several species arc used in 
many parts of the world as pasture, forage or silage for livestock (Morrison, 1 959). Dwarf 
Essex (B. napus) and marrow-stem kale (B. oleracea) are grown for these purposes. Rapeseed, 
derived from B. 11ap11s and B. ca111pestris, is one of the maj or oil seed in commerce. The seed 
meal remaining after oil extraction could be fed to l ivestock, but in l imited amounts since it 
contained toxic substances (sulphur compounds) (Rizk, 1 986). 

Lipids, proteins, and mineral elements constituted - 70 % of the intact B. j1111cea seed, the 
remainder representing primarily carbohydrates and fibers. The kernel, accounting for - 80 % 
of the seed, included most of the lipids and a large proportion of the proteins and soluble 
sugars, with the sum of these three constituents approaching 90 % of the kernel . Integuments, 
hygroscopic due to their mucilage content, contained 2-3 times more water than the kernel. 
They contained > 50 % fibers, (- 30 % cellulose and 20 % lignin), hemicclluloses, and 
mucilages (Vanghccsdaele and Fournier, 1 980). The contents in the edible parts of Brassica 
vegetables (9 cultivars) were reported by Morimoto et al. ( 1 983) as follows: water (91 .7-96.2 %), 
protein ( 1 .0-2.5 %), l ipid (0. 1 -0.4 %), soluble pectin (0.32-0.63 %), ash (0.7- 1 .4 %), Ca (0.059-
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0.1 50 '%), P (0.029-0.057 '¼,), Fe (0.0005-0.0014  '%), Na (0.01 1 -0.040 '%), vitamin C (0.025-
0. 1 1 6 '%), oxal ic  acid (0.1 7-0.64 'X,) and B -carotene (570-4900 �tg/ 1 00 g). Chemical analysis 
of Brassica seed and meal indicated a high content of protein, fat and crude fiber as well as 
glucosinolates; and an adequate amount of methionine. The presence of both low and high 
molecular weight proteins was indicated by Sharma and Garg ( 1 994). The protein qual ity 
evaluation of rapeseed meal has also been reported by Goh et al. ( 1 980). l lami et al. ( 1 997) 
reported the characterization of BnD22, a drought-induced protein, in Brassica 11ap11s leaves. 
The oil and protein content in the eleven Brassica species, studied by Dhindsa et al. ( 1 975 ) 
ranged from 32.70-42.45 % and 24.06-31 .87 % respectively. 

The major free amino acids in B. campestris var. c/1i11e11sis, B. campestris var. 11ari11osa, B. 
j1111cea and B. oleracea var. alboglabra were glutamine (1 7 1 )  and alanine. Glucose was the 
major free sugar in these species (Matsuoka et al., 1 987). 

171 Glutamine 

An arabinan has been isolated from the water-soluble pectin substances of cabbage cel l  
wal l  material . The polysaccharide was highly branched and of the same structural type as 
other arabinans associated with seed pectins (Stevens and Selvendran, 1 980). Kido et al. 
( 1 996) reported the isolation and characterizat ion of arabinogalactan proteins (AGPs, 5 
fractions) released by cellulase digestion of cabbage leaves. The content of AGPs in head 
leaves of cabbage was 2.5-folde higher than that of green leaves. One of the five AGPs fractions 
was a typical arabinogalactan protein, which was rich in hydroxyproline (28.3 %) and consisted 
of protein ( 1 5 .4 %), neutral sugars (78 .8  %) with an arabinose/galactose ratio of 1 .6 :  I and 
uronic acid (5.8 %). The other four AGPs were complexed with rhamnogalacturonan having 
wide spectra in protein and pectin content. 

Rape stems (B. 11ap11s) were found to contain a glucuronoxylan containing D-glucuronic 
acid ( 172) and 4-O-methyl-D-glucuronic acid (Rizk, 1 986). 

HOOC 
HO�OH HO OH 

172 D-Gulcuronic acid 

Brassica seed fat contained about 1 4- 1 6  types of fatty acids. The major types were palmitic, 
oleic, l inoleic, l inolenic, eicosanoic and erucic (173) acids. The percentages of the latter four 
acids were: I 0.9-25.97, I 0.30- 1 7. 1 0, 1 0.80-20.37 and 32.72-60.42 % respectively, in the eleven 
species studied by Dhindsa et al. ( 1 975). In none of the Indian domesticated species of Brassica 
did erucic acid range lower than 50  % (Anand and Mali, 1 979). Erucic and eicosanoic acids 
were reported to be genetically controlled by the same 2-gcne pair system (Kondra and 
Stefanson, 1 965) or I-gene-pair system (Krzymanski and Downey, 1 969). This has been stated 
as an evidence of the positive relationship between erucic and eicosanoic acids and a negative 
association of both with oleic acid. This was later proved by the study carried out on the 
relationships between various pairs of major fatty acids in B. cari11ata, B. campestris, B.ju11cea 
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and B. 11ap11s (Rahman, 1 978). The majority of > 300 B. o/eracea accessions screened, by 
Mackenzie et al. ( 1 997), had < IO '¼, erucic acid in the sn-2 position of triglycerides, but 7 
genotypes contained > 30 '¼, sn-2 erucic acid and two had > 50  'X,. 

" 
COOH 

173 Eruclc acid 

The occurrence of 24-methylenelanost-8,24-dien-3B -ol and 4a, 1 4a,24-trimethyl-9B, I 9-
cyclocholest-24-en-3B-ol has been reported. Twelve more sterols were isolated from the 4-
monomethyl-sterol fraction of the seeds of the species. The following sterol s were identi fied 
in B. 11ap11s seeds oi l :  silosterol, campesterol, brassicasterol ( 174), 28-isofucosterol (1 75), 
stigmasterol, 24-methylenecholesterol (1 76), trans-22-dehydrochoteslerol (1 77), stigmasla-
5,25-dienol ( 178), fucosterol ( 179), choleslanol (180), campestanol ( 181)  and stigmastanol 
(182). N-Avenasterol and �7-stigmasterol were also detected in Brassica oils (Rizk, 1 986). 
Daucosterol, in addition lo B- sitoslerol were identified in the pollen of B. campestris (Peng 
and Yang, 1 998). 

174 Brassicasterol 175 28-lsofucosterol 
(a5-Avenasterol) 

177 trans-22-Dehydrocholesterol 178 Stigmasta-5.25-dienol 

180 Cholestanol 181 Campestanol 

176 24-Methylenecholesterol 

HO 
179 Fucosterol 

182 Stigmastanol 

The major constituents of the epicuticular wax from Brassica species were nonacosane, 
nonacosan- 1 5 -one and 1 5-ol (and 1 4-ol), which together comprised at least 60 % of the wax. 
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Other identified compounds in the wax were kctols, primary alcohols, aldchydcs and fatty 
acids (Baker and Holloway, 1975). B. j1111cea contained abundant nutrient clements Zn, Cu, 
Fe, Ca, Mg, K, Na and Mn and many types of essential amino acids, but no lysine (Chen and 
Guan, 1 999). Rosa ( 1 996) studied the seasonal variation of mineral and crude protein levels in 
leaves, stems and heads of two Portuguese cabbages (B. costata, B. oleracea var. tro11ch11da) 
and one Portuguese kale (B. oleracea var. aceplwla) which arc commonly used for fodder in 
Portugal and Spain. Average concentration of Ca was 34.4 g kg· 1 dry matter (DM) in the 
leaves with a minimum of7 .8 in heads. S was also higher in the leaves than in stems and heads 
(8.8 vs. 6.1 and 7 .0 g kg· 1 DM). The highest Mn concentration was 86.6 mg kg· 1 in the leaves 
with 25. 1 in stems and 32.7 in heads. Levels ofK and Zn were highest in stems with 41 .8 g kg· 1 and 
1 37.3 mg kg· 1 , respectively, whereas P tended to be higher in the heads with 5.2 g kg· 1 • In 
leaves and heads, concentrations of P, K, S,  Fe, Mn and Zn were higher in the summer/winter 
(SW) season than in spring, summcr (SS) and in stems, P and K were higher in SW. In the 
heads the highest crude protein leve l was 200 g kg· 1 (DM) in Troncha ( cabbage variety), while 
in the leaves it was 267 g kg· 1 in Galega (kale variety). Summer/winter conditions induced 
higher amounts of crude protein than SS conditions, in leaves (257), stems ( 1 69) and heads 
(21 7 g kg· 1 ). Glucosinolate levels were higher in the heads ( 1 9 1 9  moles I 000 g· 1 DM for 
Troncha and 1 99 1  for Penca, a cabbage variety) than in the leaves with levels in SS seasons 35 % 
higher in the heads and 36 '}o higher in the leaves than in SW seasons. 

Brassinolide ( 1 83) (22R,23R,24S)-2a,3a ,22,23-tetrahydroxy-24-methyl-6, 7-S-5-a­
cholestano-6,7-lactonc), a plant-growth promoting steroid was isolated from B. napus pollen 
(Grove et al., 1 979). 

HO, 

HO' 

183 Brassinolide 

Several glucosinolates have been identified from Brassica species. Indolylglucosinolates 
are widespread in these species. Examples of the glucosinolatcs detected in some Brassica 
species (e.g. B. campestris, B. cari11ata, B. esc11le11ta, B. ge111111 ijera, B. hirta, B. j1111cea, B. 
kaper, B. napus, B. 11igra, B. nitra, B. oler, B. oleracea, B. persica, B. pse11doj1111ca and B. 
rapa) were progoitrin ( 1 84), glucobrassicin (185), ncoglucobrassicin (186), gluconastrutin 
( 1 87), gluconapin (188), sinigrin (189), glucoibcrin (190), glucoibcrvirin, glucoraphanin, 
sinalbin (191 ), glucoalysin, 4-hydroxy-3-idolyl and 4-mcthoxy-3-indolymcthyl glucosinolatcs 
(e.g. Bradshaw, 1 984; Rizk, 1 986; Velisek et al., 1 995; Jongcn, 1 996; Getinct et al., 1 997). 
G lucosinolates have been identi tied in the different parts of Brassica species ( viz. seeds, leaves, 
flower buds and roots), but their percentages in the seeds arc usually higher. In the green 
flower buds of B. o/eracea types, the major glucosinolatcs were 2-propcnyl-3-mcthylsulph­
inylpropyl- and indol-3-ylmcthyl-, which accounted for an average of 35, 25 and 29 % 
respectively of the total glucosinolate content, while in B. rapa, but-3-cnyl represented 86 % 
of the total with pent-4-enyl and 2-phcnylcthyl being the other major glucosinolatcs. (Rosa, 
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1 997). The average total glucosinolate content of the flower buds was between 25 1 8  11111101 
1 00 g· 1 dry weight in Troncha and 4979 11111101 1 00 g· 1 dry weight in Nabo (8. rapa), which is 
much higher than the highest reported amounts for broccoli (8. oleracea var. italica) (Rosa, 
1 997). The concentration of 3-indolylmethylglucosinolate ( 193) was reported as relatively 
high in cabbage heads (6.39 11111101/kg dry weight) and kale leaves (3.25)  but not in turnip and 
rape (Bradshaw et al., 1 984). The glucosinolates in the roots of turnip (8. rapa) generally 
increased with increasing the number of days to maturity. In the roots of rutabaga (8. 
napobrassica), the mean content of thiocyanate ion was lower in early-seeded (May) than in 
late-seeded (June) crops (Chong et al., 1 982). 
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Organic isothiocyanates are the main biologically active catabolites from glucosinolates. 
They contribute to the desirable characteristic flavours of 8rassica species. They also possessed 
goitrogenic activity and some products inhibited the neoplastic effects of carcinogens (El­
Sayed and EI-Sakhawy, 1995 ). Glucosinolates have also been reported as cancer modulating 
agents (Jongen, 1996). 

Virtanen et al. ( 1 963) reported that rat-feeding experiments of 350 days failed to show 
goitrogenic properties in milk from cows fed marrowstem kale (8. oleracea var. moelleria). 
Later, Pyska and Bobek ( 1 975) stated that 8rassirn fodder increased the serum SCN- level in 
cows by- 500 % and milk SCN-Ievel by - 300 %, and the milk-to-serum iodine ratio dropped 
by 38 %. 
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> I 00 �t M. The growth-promoting activity in hypocotyls was 20 or 30 times as much as that of 
gibberelli c acid (22 1)  (Hasegawa et al., 1 992). 
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2.1.  Lepidium aucheri B oiss. ,  Ann. Sci. Nat. Bot.,ser. 2,17: 1 95 ( 1 842). 
Rashad barri (Ar.) 

Very low annual herb hardly reaching 1 5  cm high. Branches rather stiff and horizontal; branches 
and whole plant with purple tinge and very few leaves. Fruit small siliculas with two seeds 
(one per loculus). Flowers and fruits with the onset of the rains. 

Habitat and Distribution 
A localized stiff herb at the Roda! AI-Majda, N.E. Qatar on sandy clayey soils. 

N othing has been reported on the constituents of this species. 

3. SAVIGNYA DC. 

3.1 .  Savig11ya parvijlora (Delile) Webb, Giom. Bot. I tal. 2(2):215 ( 1 847). 
syn. Lunaria parviflora Deli le, Descr. Egyptc, H ist. Nat. 248 ( I 8 1 4). 

Gargees, Gelglat (Ar.) 

Small annual erect herb hardly exceeding 30 cm high with limited basal branching and an 
indumentum of branched hairs. Leaves initially a rosette of spathulate leaves with sinuate 
margins. Inflorescences racemes with minute whitish flowers. Fruit oblong siliculas up to 1 .5 
cm long and 1 cm broad, deflexed, on slim pedicels. At maturi ty, the false septum is distinct 
and membranous. Seeds winged. Flowers and fruits February to April. 
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Habitat and distribution 
Frequent in pockests of sandy soils on sandy stony terrain throughout central and southern Qatar. 
The plant is eaten at the seedling stage as a salad. The taste is similar to Eruca \'(//ii'(/ 

Constituents 

77 

The seeds of S. parviflora were reported to contain 25.2 ° o protein and 1 9.0  ° o fat (Duke and 
Atchley, 1 986). 

Phytochemical screening of the plant, growing in Qatar, revealed the presence of alkaloids, 
saponins, sterols and tannins (Rizk el al. , 1 986a). 

4. ZILLA Forssk. 

EI-Menshawi et al. ( 1 980) reported the presence of (S) and (R)-2-hydroxy-3-butenyl 
glucosinolates in extracts of siliquas containing seeds of Z. b1parmata, Z spinosa and Z. 
spinosa var. 111ic:rocm1Ja. 

1 .  Zilla spi11osa (L. ) Prantl in Engl. & Prantl, Natiirl. Planzenfam. 1 1 1  (2): 1 75 ( 1 891 ) .  
syn. B1111ias spinosa L., Mant. 96 ( 1 769); Zilla m1croca17Ja (DC.) Vis.in Spongia, Comment. Med. 
2:209 ( 1 836). 

Si lla, Shaga, Si l lah (Ar.) 

Low much branched undershrub with many radiating almost leafless, green branches with 
an indumcntum of branched hairs. Branches spine-tipped. Leaves simple falling off early. 
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Other studies on the characterization of mabinlins were reported (Din et al., 1 986; Liu et al., 
1 993). 

Palmitoleic acid (9.8 %,) was detected in C. divaricata seed oil (Kittur el al., 1 993). Seeds 
of C. decidua contained 1 8  %, fat (Raj ,  1 987a). Surface wax in flowers, buds and young fruits 
of C. decidua was around 1 4  '%. The wax was a mixture of 9 neutral products associated with 
N- and S- containing oils. Of these, two were unsymmetrical and straight chain ketones; one 
was an unidenti fied isomer ofp -sitosterol and the other was a glycoside. Hydrocarbons (C2,, 

and CJ , )  were also detected (Raj , 1 987b). 
Six oxygenated heterocyc lic c onst ituen ts ,  named capparises terpen oids and 

deciduaterpenolides A (227), B, C, D and E were isolated from the root bark of C. decidua 
(Gupta and Ali, I 997). C. decidua root bark also yielded two sterols (24P-methylcholest-7-
ene-22-one-3P-ol and 24-P -methycholest-9( 1 1 )-ene-22-one-3a-ol), one diterpene alcohol (3-
methyl-7-hydroxymethylene- l 0-( 1 2, 1 6, 1 6-trimethylcyclohex- 1 1 -ene-yl)-dec-9-ene-5-one-8-
ol), two aliphatic constituents (butyl-3-oxo-eicosanoate and 25-oxo-octacosan- 1 ,20-diol) and 
one diterpene ester (9-( 1 1 , 1 5 , 1 5 -trimethylcyclohex- 1 1 -ene- 1 3-one-yl)-one-6-hydroxy­
methylene-7-one-yl,4'-methylheptanoate) (Gupta and Ali, 1 998). 
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227 Oeciduaterpenolide A 228 Rhamnetin 

Several flavonoid glycosides ofkaempferol, quercetin and isorhamnetin have been detected 
in three Capparis species (Sharaf et al., 1 997). Flavonoid aglycons of seven Capparis species 
were identified as kaempferol, quercetin, isorhamnetin, and their 7-O-methyl derivatives: 
rhamnocitrin, rhamnetin (228) (quercetin 7-methyl ether) and rhamnazin, respectively (Pelotto 
and Del Perez Martinez, 1 998). 

The root bark of C. decidua contained the following spermidine alkaloids: capparidisine 
(229) (Ahmad et al. , 1 985 ) capparisine (230) (Ahmad et al., 1 986b) and capparisinine (23 1 )  
(Ahmad et al., I 987c). Capparidisine, showed a dose-dependent depressant effect on heart 
rate and coronary flow in an isolated rabbit 's heart (Rashid et al., 1 989). 
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The seeds of C. ma.rniki yielded oxazolidine-2-thione (Hu et al., 1 987). 3-Hydroxy-3-
methyl-4-methoxyindole (232) was isolated from the roots of C. to111e11tosa (Dekker et al. , 
1 987). t 

Leaves of  C. had11cca, C. has/ala and C. odoratissima contained methylglucosinolate. 
Benzylglucosinolate was detected in leaves of C. flexuosa (Gmelin and Kajaer, 1 970). 

G lucosinolates have been identified in several Capparis species e.g. C. a11gulata, C. 
baducca, C. cartilage11a, C..flexuosa, C. geleata, C. hastata, C. i11er111is, C. li11earis, C. 110/Jilis, 
C. oval(folia, C. ova ta var. palesti11a, C. rupestris, C. salic(folia, C. �pi11osa and C. tuereckheimii. 
Examples of the glucosinolates identified were: glucocapparin (233), glucocapangul in (234), 
glucoputranjivin (235), glucocochlearin (236), glucocappasal in (237), glucobrassicin ( 185), 
g l u coibe rin ( 1 90), neog l u cobrass icin ( 1 86), g l u conorcappasa l in ,  3-me thy l - 3-
butenylglucosinolate (238) and sinigrin (1 89) (Ahmed et al., 1 972a). 
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The dietary fiber of teent (C. decid11a) varied from 38.5 to 55.7 %, with hemicel lulose as 
the predominant constituent. Teent had pronounced hypocholesterolemic effect (Agarwal and 
Chauhan, 1 988). 

The toxicity of C. tomentosa in sheep and calves has been reported (Ahmed et al., 1 98 1  ) . 

1 . 1 .  Capparis spi11osa L.var. aegyptia (Lam. )  Boiss., Fl . Orient. I :420  ( 1 865). 
syn. Capparis aC'g)'ptia Lam., Encycl. I = 605 ( 1 785). 

Dabayce, Shefallah, Shafallah, Lasaf (Ar.) 

Trailing-scandent spiny shrub fanning circular mats up to 2-2.5 m across of rambling branches 
radiating from a central base. Spines at leaf bases, recurved. Leaves simple, entire, oval­
orbicular 3-5 cm long and 3-4.5 cm across, leathery. Inflorescences axil lary, usually solitary. 
Flowers large, white to pale rose, of 4 sepals and petals and numerous stamens surrounding an 
elongated ovary on a distinct gynophore. Fruit el l ipsoid pear-shaped and gourd-l ike, fleshy, 
splitting into 4, exposing grey pepper-like seeds on red pulp. Mature pericarp of fruit never 
dries completely. Flowers and fruits in summer (May-August). 
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Habitat and Distribution 

AI-Easa, H.S ; Rizk, .M.; Abdel-Bari , E. M. 

ommon in central and north-eastern Qatar, rare elsewhere. In depressions with fine sandy loams along 
roadsides (AI-Dhakhira, Ras Laffan and along the sides of AI-Shamal road from AI-Khor and beyond. 
A favoured camel browsing plant. Flower buds and immature fruits are locally pickled (caper). 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of C. spinosa, growing in Qatar, 
are shown in Tables 175-178 (AI-Easa, 2002a-d). 

Leaves and fruits of C. spinosa, growing in Azcrbaidzhan, contained reducing sugars 
(calculated as glucose) 1.68 and 32.9 %, fats 0.71 and 3.75 % and ascorbic acid 70.8 and 
135.5 mg % (Rakhimova et al., 1978). 

The average composition of capers ( . spinosa), as influenced by cultivars, size and harvest 
date was as fol lows: moisture 79 %, ash 1.6 %, protein 5.8 %, fat 1.6 %, Ca 871 ppm, Mg 636 
ppm, K 542 mg/ l 00mL, Na 226 ppm, Fe 13 ppm, P 21 mg/100 g and crude fiber 5.4 % 
(Rodrigo et al., 1992). Water, crude fiber, crude oil, total carotenoids and starch values increased 
in C. spinosa flower buds harvested in both June and August. Both materials contained high 
amounts of Na, K, P, Ca, Mg and Mn with Mn decreased in August. Small buds harvested in 
June were more suitable for processing (Ozcan and Akgul, 1998). The seeds of C. spinosa var. 
spinosa were rich in protein, oil and fiber and showed high content of unsaturated fatty acids. 
suggesting that they may be valuable for food uses (Akgul and Ozcan, 1999). 

The l ipid content of C. spinosa var. aegyptia, collected from two localities in Egypt and C. 
spinosa var. deserti (growing in El-Sallum, Egypt) were 1.10, 1 .70 and 2.5 % respectively. 
The fatty acids of the different species are shown in Table  18 (Ahmed et al .. 1972b) 

- - -- -- - --� - - --- - - - - - -- - - - -� 
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Table 1 8. The fatty acids percentage in the Egyptian Capparis species 

Species 1 2: 0  1 4: 0  1 6: 0  1 8: 0  1 8: 1  1 8:2  1 8: 3  
I. C. ova/a var. palesti11a 1 . 32 1 . 42 33.74 1 6.23 1 8.60 22.44 6. 1 5  

(New Valley) 
2. C. spi11osa var. aegyptia 3. 1 7  3.05 6.26 5 .69 5 .24 4.69 71 .92 

(Wadi El-Rashrash) 
3. C. spi11osa var. aegyptia 1 . 71 1 .86 5 .40 6.49 6.61 6.82 71 .03 

(Wadi-Hof) 
4. C. spi11osa var. deserti 4.85 5 .27 1 7. 80 20.29 1 6.57 1 9. 03 1 6.1 5 

(EI-Sallum) 

The major fatty acids of C. spi11osa var. spi11osa were linoleic, oleic, l inolenic and palmitic 
(Ozcan, 1 999). The study of the l ipids (including neutral l ipids, glycerides, phospholipids) 
and fatty acids in the aerial parts of caper bush (C. spi11osa), growing in Uzbekistan, has been 
reported (Tolibaev and Glushenkova, 1 995). 

Sucrose was identified in C. spinosa var. aegyptia and var. deserti (Ahmed et al., 1 972b). 
The mucilage prepared from C. spi11osa consisted of glucose, arabinose, xylose and glucuronic 
acid (Hammouda et al., 1 97 5) .  

C. spi11osa var. aegyptia and var. deserti were found to contain the following glucosinolates: 
glucocapparin, glucocleomin (239), glucoiberin, glucocapangulin and sinigrin (Ahmed et 
al., 1 972c). In addition to sulphides, isothiocyanates and other flavour molecules, elemental 
sulphur (Sx) was identified in C. spi11osa (Brevard et al., 1 992). The oils of the ripe fruits and 
roots of C. spinosa var. 111ucro11ifolia contained methyl-, isopropyl- and sec. butyl­
isothiocyanates (Afsharypuor et al., 1 998). The unripe fruits of C. spinosa var. mucronifolia 
were composed mainly of methyl isothiocyanate (39.2 %), isopropyl isothiocyanate (21 .4  %) 
and sec-butylisothiocyanate (6.4 %) (Afsharypour and Jazy, 1 999). 

239 Glucocleomin 

13 -Sitosterol, l3 -sitosterol-l3-D-glucoside, 1 -triacontanol (Ahmed et al., 1 972; Hammouda 
et al., 1 975), 11-alkanes, 2-hexenal and thymol were identified in C. .<,pinosa (Afsharypour et 
al., 1 998). 

Capparilosides A (240) and B (24 1) (two glucose-containing I H-indole-3-acetonitrile 
compounds) were isolated from the mature fruits of C. spi11osa (Cal is et al., 1 999). 

L-stachydrine (242) and choline were isolated from C. spi11osa var. aegyptia (Hammouda 
et al., 1 975). The alkaloidal content of the plant amounted to 0.02 and 0.074 % in the leaves 
and fruits respectively (Rakhimova et al. ,  1 978). 
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240 Cappariloside A R = H 
241 Cappariloside B R = Jl·D-glucopyranosyl 
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Several flavonoids were isolated from the di fferent parts of C. spinosa. The aerial parts 
contained rutin (qucrccrtin-3-O-rhamnoglucosidc) (Ahmed et al., 1 972b; Hasler et al., 1 992; 
Rodrigo et al., 1 992; Tucrkocz et al., 1 995), qucrcctin 7-O-B -D-glucopyranosidc-B -L­
rhamnopyranosidc (Artcm'cva et al., 1 98 1  ), kacmpfcrol-3-glucosidc, kacmpfcrol-3-rutinosidc, 
kacmpfcrol-3-rhamnorutinosidc (Rodrigo et al. , 1 992), kacmpferol, qucrcetin, kaempferol-3-
O-(2"-O-B-D-rhamnopyranosyl)-a-L-glucopyranoside , qucrcetin-3-O-B-D-glucopyranosyl 
and quercetin 3-O-(2"-O-B-D-rhamnopyranosyl)-a-L-glucopyranoside (Benkinouar et al., 
1 996). The flowers of C. spinosa were reported to contain kaempferol, quercetin and flavonoid 
glycosides (Tomas and Ferreres, 1 976). Rutin amounted to 3 .90 % of C. spinosa leaves 
(Tuerkoez et al., 1 995). 

C. spinosa contained citric, tartaric and oxal ic acids (Hammouda et al., 1 975), p­
methoxybenzoic acid (243) (Gadgoli and Mishra, 1 999) and riboflavin (Benjkinouar et al., 
1 996). 

¢" 
OMe 

243 p-Methoxybenzoic acid 

The flowers were reported to be used as an expectorant, diuretic and stimulant . The juice 
and volatile fraction of C. spinosa had anticystic, fungicidal and bactericidal activities 
(Rakhimova et al., 1 978). The antimicrobial activity of C. spinosa extracts has been reported 
by Mahasnch et al. ( 1 996). The antihcpatoxic acitivity of p-mcthoxybenzoic acid from the 
plant was also reported (Gadgoli and Mishra, 1 999). 

VIII. CHENOPODIACEAE Vent. 

1. ATRIPLEX L. 

A triplex is a large widely distributed and cosmopolitan genus of the Chcnopodiaccac. A triplex 
species arc herbs or shrubs ranging in size from herbaceous annuals of a few centimeters high 
to woody perennials of up to 5 meters (Osmond et al., 1 980). Some estimates, both on harvest 
and non-destructive methods, have been made of the net primary productivity of A triplex 

� -- - - ---
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species in natural habitats. These estimates showed that a reasonable yield of biomass could 
be obtained from wastelands (Aslam, 1 999). In one long-tenn study, the average above ground 
production of an A. co11/ertijolia community in Utah over a twelve years span was 1 95 g dry 
weight 111·2 yr·' (Hutchings and Stewart, 1 953). Similarly, Goodin ( 1 979) has estimated that 
sustained yield of I 00 g dry weight nY2 yr·' were possible in some A triplex communities. The 
edible biomass of A triplex spp. is a very important feed resource of cattle in arid and semi-arid 
regions of the world. Protein content was significantly higher in leaves than in the stems of A. 
cordobensis throughout the year. This high protein content adequately met the nutritional 
requirements of cattle in dry marginal areas (Aiazzi et al., 1 999). The chemical characteristics 
of A. lampa leaves were: protein, 26.93; ash, 21 .80; ether extract 4.65; dry matter, 37. 30; Na, 
6.05 and Ca, 0.4 1 (g/ 1 00 g) (Fernandez et al., 1 999). 

The results ofa two-year study on A triplex survival in Jordan indicated that A. canascens, 
A. hali111L1s, A. lentijormis, A. 1111mmL1!aria and A. polycmpa had survived the dry conditions of 
AI-Muwaqar (Jordan) whereas two other species viz. A. amincola and A. L111dL1!ata were not 
able to withstand these conditions. A. halimus and A. polyca,7Ja were found to be the most 
productive after two years of establishment in a low-flood land with deep soil; they produced 
1 ,088 and 577g dry matter/bush, respectively. The productivity of Atriplex species (taking 
into account of percentage average survival )  could amount to about 0.5 t/ha of dry matter for 
both A. halimlls and A. polyca,pa (Abu-lnnaileh, 1 994). The total consumable dry matter of 
A. halimlls, produced in the semi-arid lands of Sicily was 1 .66 t/ha, with a crude protein 
content ranging from 1 1 . 6 to 23.3 % and a high NaCl content (Stringi et al., 1 991 ). 

A triplex species are considered highly salt-tolerant as evidenced by their natural occurrence 
on salty land in dry environments. In aerated culture solutions, they were reported to grow at 
high electrolyte concentrations and several of them had a growth optimum at 50 to 200 m-' 
external NaCl (Flowers et al., 1 977; Greenway and Munns, 1 980; Munns et al., 1 983; Aslam, 
1 999). Habitats occupied by Atriplex species arc often characterized by moderate to high 
aridity, high temperature, salinity, a lkalinity, and low nutrient availabil ity. Such salt-affected 
soils  for which reclamation was inappropriate could potentia l ly be used to obtain forage from 
Atriplex species (O'Leary, 1 983; Malcolm, 1 986; Aslam, 1 999). Salt tolerance of several 
Atriplex species have been reported e.g. A. amnicola (Aslam et al., 1 986), A. canesce11s, A. 
cuneata (Richardson and Mckell, 1 980; Glenn et al., 1 994), A. halimus (Zid and Boukharis, 
1 977), A. littoralis (Bigot and Binet, 1 979), A. nummularia (Uchiyama, 1 985, 1 986), A. 11ite11s 
(Priebe and Jaeger, 1 978) A. rhagodioides (Mahmood and Malik, 1 987) and A. Jpongiosa 
(Storey and Jones., 1 979). Richardson and Mckell ( 1 980) reported that because of the high 
salt tolerance of A. canesce11s and A. cuneata, these sal tbush species may be very important in 
the rehabil itation of processed oil shale disposal sites. The effects of external sodium chloride 
on the growth of A. amnicola and the ion relations and carbohydrate status of the leaves were 
studied by Aslam et al. ( 1 986). The results obtained showed that the Na content in moles per 
leaf, excluding the bladders, increased l inearly with the age of the leaves and a concurrent 
increase in succulence was c losely correlated with the Na- concentration. There was a 
pronounced diurnal fluctuation in concentrations of carbohydrates. During the night, most 
plant parts showed large decrease in starch and sugar. However, concentrations of carbohydrates 
in most plant organs were similar in plants grown at 25 and 400 mol m- 1 NaCl (Aslam et al., 
1 986). According to Osmond et al. (1 980), Atriplex spp., though do not require other than 
trace amounts of Na+ for norn1al growth, yet they frequently grow better in the presence of 
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Two hydroxycinnamic acid esters have been isolated from cell suspension cultures of C. 
rulm,111 and identified as 1 -O-(E)-p-coumaroyl- and 1 -O-(E)-fcrruloyl-(P-[I �2]-glucuronosyl)­
p-glucose (Bokern et al., 1 987). 

Trace-element concentration (Cu, Pb, Zn, Ag, Co, Ni, Cr, Mo, Sn, Sb, Mn, V, Bi, Cd, Ge, 
W, As, and B) was detcrn1ined in C. g!aucum (Rainau et al., 1 985 ). The elements detected in 
C. acu111i11atum were: Mg, Ca, Zn, K, Mn, Fe, Co, Pb, Na and Cu (Kim and Lee, 1 986). C. 
rubrnm was among the plants classified by Radman and Fcdcc ( 1 987) as chloride halophytes 
with ion composition dominated by Na and Cl; while C. salinum was classified as an alkali 
halophytc with relatively high K, Mg, and Ca and low Cl contents. 

More than twenty Che11opodi11111 species have been for various reasons considered toxic 
or potentially toxic. However, the anthelmintic properties of these species were also reported 
(Rizk, 1 986). C. ambrosioides has been used as ncrvine, antirhcumatic, anthclmintic and 
emmcnagoguc agent. The methanol extract of C. ambrosioides showed a hypothcnnic effect 
as well as inhibition of acetic acid-induced writhing in mice (Okuyama et al., 1 993). Aqueous 
and ethanolic extracts of C. ugandae prosscsscd molluscicidal potency, exhibiting high mortality 
rate ( I 00 %) against Biomphalaria pfeiff'eri and Lym11aea 11atale11sis (Chifundcra et al., 1 993). 

2.1 .  Chenopodium album L.,  Sp. P l . ,  ed. I ,  21 8 ( 1 753) .  

Samghat reeh (Ar.) 

Erect annual herb with a tap root. Stem with many ribbed leafy branches. Leaves alternate, 
variable in shape usually ovate-rhomboid with entire to slightly toothed margins. Inflorescences 
terminal and axillary compound spikes of minute greenish flowers . Fruit a I -seeded utriclc; 
seeds black. 

Habitat and distribution 

A cosmopolitan weed of gardens, fields, roadsides and arable land. 

The plant is a common weed and has been used in Europe, India and U .S.A. as a pot-herb and 
as spinach (Watt and Breyer-Brandwijk, 1 962). Formerly, the leaves were consumed as a 
vegetable until replaced by spinach. Seeds were ground to flour and fruits were eaten by 
poultry (Mabbcrlcy, 1 993). The young leaves arc used as a salad for human consumption 
{Lavaud et al., 2000). 

Constituents 
The nutrient composition of the seeds (growing in India both as a pot herb and as a crop) 
showed that they were a good source of protein ( 1 4 %), fat (7.3 %), niacin (3.5 mg/I 00 g), and 
Ca (300 mg/I 00 g). Being rich in lysine content ( 4. 1 g/ 1 6  g N), this pscudoccrcal has been 
reported as a good protein supplementary value in diets based on common cereals and mil lets 
(Dcosthalc, 1 981 ). The analysis of C. album, growing in Pakistan, showed that it contained a 
sufficient amount of carbohydrate 4.33 %, fiber 9.032, protein 1 .024 %, fat 0.21 6 %, ash 
3. 1 38 % and water 82.26 %. (Dahot and Sootnro, 1 997). The protein content of C. album, 
growing in Argentina, amounted to 25 % dry matter (Escudero et. al., 1 999b ). C. album has 
been reported to contain relatively high amounts of vitamin C and carotenoids (Guerrero and 
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lsasa, 1997 ; Guil et al. ,  1997). Ascorbic acid (vitamin C) + dchydroascorbic acid content 
amounted lo 155 mg/ I 00 g (Gui I et al., 1997). Folic acid, thiamine, niacinc and ribonc were 
detected in the plant (Dahol and Sornnro, 1997). The nutritional and antinulrilional composlition 
of C. alb11111 leaves arc shown in Table 20 (Prakash and Shanna, 1 995). Vitamin A content of 
C. album was 13 ,000- 1 5,000 I U/ 1 00 mg fresh weight (Al iotta and Pollio, 198 1  ). The presence 
of antinutritional and toxic principles e.g. oxalic acid and n itrates, has been reported as 
amounting to 1 1 00 ±6 10  and 350±47 mg/I 00g in edible leaves respectively (Gui I et al., 1 997). 
A high content of oxalic acid in gooscfoot (C. album) with a range values from 360 to 2000 
mg/ I 00 g of fresh weight was also reported (Gui I et al., 1996b ). The seeds of C. album contained 
1 1 .2 % protein (Prakash and Pal, 1 998), the amino acid composition of which is shown in 
Table 2 1 .  The accumulation of nitrate occurred mostly in the stem (Vetter, 1 996). 

C. album seeds contained 7 % oil ,  which consisted primarily (99.3 %) of neutral l ipids 
(mainly triglycerides) but including hydrocarbons, wax esters, stcrols, free fatty acids, mono 
and diglyccridcs and only 0.7 % of polar l ipids. The oil consisted mainly of unsaturated fatty 
acids (82.4 %) having a higher percentage of olcic acid ( 42.3 %) as compared to l inolcic acid 
(35.8 %) (Riaz et al., 1 993). The l ipids amounting to 0.59 % in the aerial parts (dry weight) 
Contained the following fatty acids: C 14,0, 0.66; C 1 6,0, 1 5.68 ; C 1 6,3W3, 0.3 i ; C 16,2W6, 0.3 1 ; C I H:O' 
i .69; C I H:JUJJ' 44.82; C 18,4"'3, 0. 1 7; C 1 8,2"'6, ( 5 .86; C I H: h,,9, 2.90; C20,0, 0.23 ; C20,5"'3, 0.36; C20,30,6, 
0. 1 7 ; C20,4"'6, 1 .30; C22 0, 1 .00 and C24,0, 0.6 I % (Gui I et al, 1 996b). 

Daun and Tkachuk ( 1976) reported the fatly acid composition of the seed oil (9. 1 % ) as 
follows: C 14,0, 0.3 ; C 1 6,0, 8.4; C 16 1 , 0.3 ; C I H:O' 0.9; C I H: I ' 20.7; C 1 8,2, 56.3; C I H:J' 6.5 ; C20, 1 , 2.3 ; 
C20,2, 0.5 ; C22,0, 0.3 ; C22 I ' 3.6 and C24,0, 0.3 %. 

The 4-dcmcthylstcrols from leaves, roots and cell cultures of C. album were a mixture of 
�7-sterols (> 6 I %) and �5-sterols (> 36 %). The �7-sterols were 24-ethylcholesta-7,22-dien-
3-J3-ol and 24-ethylcholest-7-en-3-J3-ol. The isolated �5-sterols were sitoslerol and stigmasterol. 
Traces of cholesterol and �5

•
7-sterols were also detected (Corio-Costet et al. ,  1 993). Sitosterol 

and 22-dehydrospinasterol also occurred in C. album (Salt and Alder, 1 985). 
Mukherjee et al. ( 1 985) detected two cytotypes, one diploid (2n = 1 8) and one hexaploid 

(2n = 54) in C. album from West Bengal, India. Chemical differences existed in the seeds of 
the 2-cytotypes. The diploid contained J3-sitosterol, campesterol and xanthotoxin (259), whereas 
the polyploid contained stigmasterol, 11-triacontanol, scopoletin, and imperatorin (260) along 
with a hydrocarbon. Chemical investigation of seeds of the broad leaf diploid cytotype C. 
album showed the presence of cryptomeridiol and 8-acetoxycryptomeridiol (Bera et al., 1 99 1  ). 
Octatelracontane, (C48H98), tetracos- 1 -cne (C24H4), octadec- 1 -ene (C 1 8H36),  penlatriacontanc 
(C15H72), pentatriacont- 1 -cnc (C35H70) and lupeol were isolated from the seeds of the diploid 
cytotype. The growth-retarding activity of tetracos- 1 -ene, octadec- 1 -ene, pentatriacontanc and 
pcntatriacont- 1 -cne were reported (Bera et al. ,  1 992). Existence of germination inhibitors in  
the mature seeds of C. album was earlier reported (Watanabe, l 970a,b). The hydrocarbon 
fraction of the cuticular leaf wax contained C22 to C3 1  11-alkanes with 11-nonacosane as the 
principal component. Thirteen aldehydes, n-C 1 8  to n-C32 alcohols with n-octacosanol as the 
major component and six alcohol acetates, free and esterified acids have been also detected 
(Rizk, 1 986). 
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Lavaud et al. (2000) isolated three saponins from the roots of C. album. One of them was 
a seco-glycoside anal ogous to compounds that were previously found in species belonging to 
the order Caryophyl la les. The saponins were identified as calendu loside E (3-O-B -D­
glucuronopyranosyl oleanolic acid, 261), chikusetsusaponin I Va (262) and 3-O-[3'-O-(2"-O­
glycolyl)-glyoxylyl-B-D-glycopyranosyl] oleanolic acid (263). 
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B-Ecdysone (264) and polypodine B were isolated from C. album roots (Toth et al., 1981 ). 
The presence of these ecdysteroids in C. album suggested that its use as a refreshing vegetable 
might have a sound basis (Toth et al., 1981 ). 

264 P-Ecdysone 

The issue of Zn, Cu, Pd, Cd, Ni and Cr accumulation in C. album in the context of its 
possible use for treatment of sludge and waste substrates was discussed by Porebska and 
Ostrowska ( 1999). Roots of C. album have been reported to accumulate more Zn than above 
ground parts (Koehl et al., 1995). 

Choline (Bernard et al., 1983) and glycinebetaine (Weigel and Larher, 1985; Adrian-Romero 
et al., 1998) were detected in white pigweed C. album herb. 

Several flavonoids have been found in C. album viz. kaempferol-3-O-P-diglucoside, 
kaempferol-3-O-arabinoglucoside, quercetin, quercetin-3-O-xylosylglucoside and quercetin-
3-rhamnoglucoside (Bahrman et al., 1985; Bylka and Kowalewski, 1997; Gal lardo and De 
Israilev, 1998). 

- - - - - ---
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A phytotox in, d1lorogenic acid (a growth inhibitory compound) wa� isolated from the air­
dried lambsquarters (C. alb11111) (Malm. et al., 1 994). A phenolic amide (N-tra11.1·- fcruloyl-4-
O-methyldopamine, 265) wa,; i:-.olated from the roots. It showed attracting activity toward the 
wospores of Apha110111yces cochlioides , a pathogenic fungus again,;t some plants of the 
Chenopodiaceae (Horio and Yoshida, 1 993). 

265 N-lrans-Feruloyl-4-0-methyldopamine 

C. albu111 has been shown to contain trace!> of ascaridole, sitosterol, oleanolic acid and an 
antifungal substance (Rizk, 1 986). Mucondialdehyde (tran.1·-2-trans-4-hexadiendial) was 
identi fied as a stress metabol ite from the leaves induced by cupric chloride (Tahara et al. , 
1 994). 

Cyanogensis has been reported in some plants of C. album (Aikman et al .. 1 996). The 
most active fraction of the al lergenic component(s) from the respiratory allergen of C. album 
pollen has been separated as a protein with a molecular weight of 24,000 (Jamil et al . • 1 977). 

2.2. C/ie,wpodium murale L., Sp. Pl . , ed. I, 2 1 9  ( 1 753). 

Khaisa, Zurbaich (Ar.) 
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Erect leafy weed with herbaceous furrowed stem. Branches varying in height according to 
growth condition from IO to 80 cm, soft. Leaves soft, large, distinctly toothed with varying 
pcliolc lengths and shapes commonly ovatc-romboid. ln llorcsccnces much branched spikes 
of small green flowers with fleshy pcrianth. Fruit a I-seeded utriclc; seeds black. 

Habit;1t ;md distribution 

Much more widespread than C. album and equally cosmopolitan. In Qatar under avenue trees, in gardens, 
parking areas, roadsides and a notrorious weed of vegelablc plots. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of C. 11wrale, growing in Qatar, 
arc shown in Tables 1 75- 1 78 (AI-Easa, 2OO2a-d). 

Crude protein amounted to 22.42 % in C. 11111ra/e, growing in Egypt. Rhamnosc, xylosc, 
arabinosc, glucose, fructose, galactosc, sucrose and raffinosc as wel l  as traces of ccllobiose 
and galacturonic acid were identified in the plant (Hi fanawy et al. ,  1 999a). 

A study of the various fractions of the plant, a favourite forage plant for cattle and sheep, 
showed that it contained 2 1 . 3  and 4 % protein, dry and wet weights respectively, of which 
84.3 % was digestible. The following values were found (%) dry and wet weights: ash, 1 6.2, 
3.0; Ca, 1 .0, 0 .37; P, 0 .54, 0 . 1 .  The values for crude protein, ash, Ca and P in the leaves were 
- 2 .5  times those for stems. The values for crude cellulose and crude fiber in the stems were -
3 times those for the leaves. The digestibi l ity of the crude cellulose was greater than that for 
the crude fiber, but less than that for the non-N extract. The calculated nutritive value of C. 
11111ra/e was said to be comparable with that of good forage plants (Proto, 1 961 - 1 962). 

The nutritional and antinutritional composition of C. 11111rale leaves, growing in Pakistan 
are shown in Table 20 (Prakash and Shanna, 1 995) and the amino acid composition of the 
seeds is shown in Table 2 1  (Prakash and Pal, 1 998). The plant contained 1 1 .2±2 . 1  carotcnoids, 
ascorbic acid 1 1 2±1 6 and dehydroascorbic acid 2 1±6 mg/I 00 g edible leaves (Gui I et al., 
1 997). 

The l ipids of the aerial parts, amounting to 0 .43 % (dry weight), contained the following 
fatty acids: C14,0, 0 .48; C1 6,0, 1 6.82; C1 6,2"'6, 0.43; C 16, t,u?' 1 .46; CI X:O' ) 6.6; CI K :Jc,iJ' 30.04; C I K:4cuJ' 
0 . 1 4; c,K:2co6' 1 7 .86; c,K: lhl7' 0 .55; c,K: l co9' 6.96; cw,o• 0.72; c20:5coJ' 0 .41 ; c20:4co6' 1 .0 I; c22:0' 1 . 37 
and C24,0, 2.22 % (Gui I et al., 1 996b). 

The presence of antinutritional and toxic principle viz. oxalic acid and ni trates, has been 
reported to amount to 1 0 1 0±520 and 341±76 mg/ l OOg edible leaves, respectively (Gui) et al. , 
1 997). 

Several flavoniods have been isolated from C. 11111rale viz. qucrcetin, kaempferol (Bahrman 
et al. ,  1 985; El -Sayed et al., 1 999), kacmpforel-3,7-di rhamnosidc (kaempfcri trin (266) or  
hespedin) (Gohar and Elmazar, 1 997), kacmpfcrol-3-rhamnosidc-7-xylosyl( 1 -+2)-rhamnosidc 
(267), kacmpferol-7-rhamnosidc, kacmpferol-3-rhamnoside-7-glucoside, herbacctin and 
quercetin (El-Sayed et al., 1999). The coumarin scopolotin was also isolated from the plant 
(El-Sayed et al. ,  1 999). 

Kaempferitrin, as well as the total flavonoid mixture on the rabbi t  cardiovascular system 
showed related hypotcnsion and bradycardia. It also produced a dose-related hypotension in 
genetical ly  prone hypertensive rats (Gohar and Elmazar, 1 997). 

--� .�-------- ________ ... _ 
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Piperine (268) was isolated from C. 111urale (Hifnawy et al. ,  1 999b). The presence of 
alkaloids in the plant was reported by several investigators (Rizk, 1 986). p-Cymene, ascaridole 
and aritazone (terpenes) were found in leaves and infloresences of C. ambrosioides and C. 
mura/e (Datta and Ghosh, 1 987). 

268 Piperine 

3. CORNULACA Deli le 

3.1 .  Cornulaca 11w11aca11tha Delile, Descr. Eygypt, Hist. Nat. 20b, t 22 f 3 ( 1 8 1 4). 
syn. Cornu/aca aucheri Moq., Chcnop. Monogr. Enum 1 63 ( 1 840). 

Thallcj, Hadh (Ar.) 
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Low spiny undershrub with stunted, spiny deflcxcd leaves up lo 30 cm high. Flowers clustered, 
minute, surrounded by spiny spikes. Fruit spiny. Plant drying lo brown spiky bushes during 
dry season and with pale green growth during wet season. Flowers September. 

Habitat and Distribution 
Sandy saline soils near coastal areas. Common in Salwa, Um Bab and Dukhan areas. 

Constituents 
The proximate analysis and minerals ofC. 111011aca11tha, growing in Qatar, arc shown in Tables 
1 75 and 1 78 (AI-Easa, 2002a,d). The unsaponifiablc matter of the lipid of the plant growing 
in Qatar contained stcrols ( 1 7.48 %), hydrocarbons ( 45 .0.2 %), al iphatic alcohols (27. 70 'Y..), 
4-mcthylstcrols (2. 1 4  %) and triterpcne alcohols (7.66 %). The following hydrocarbons were 
identified: c2 1 :1>' 1 .25 ; c2]:0' 1 .60; c24:0' 1 .22; c25:0' 5 .80; c26:0' 2.43; c27:0' 1 2. 75; c29:ll' 29.0 1 ;  
C30,0, 9.0 I; C3 1 ,0, 1 8. 3 1 ;  squalcnc, 9.72 and unidentified others (8.88 %,). The following fatty 
alcohols were also identi fied: C20,0, I 1 .08; C22,0, 21 . 6 1 ;  C24 ,0, 30.80; C26,0, 1 9. 37; C211,, 3.44; 
C28 0, I 0.68 and unidentified others, 3.03 %. The stcrol fraction consisted of stigmastcrol (48.92 %), 
!3 -sitostcrol (38.94 %), cholesterol ( 1 2. 1 4  %) and traces of campcsterol (Al-Easa et al., 2002). 

The plant contained three sterols (including fucosterol) (Dawidar and Amer, 1 974 ). Several 
pentacyclic triterpenoids (e.g. cornulacic (269), monacanthic (270) and epikctonic acids) were 
isolated from C. 111011aca11tlw, growing in Egypt and Saudi Arabia (Amer et al., 1 974; Dawidar 
et al., 1 980; Al-Jaber et al., 1 99 1  ). Recently, Kamel et al. (2000) isolated from the aerial parts 
of C. monocantha three new triterpenoidal saponins identified as 3-O-ff3-xylopyranosyl( 1 -.+3)­
!3 -g l  ucopyranosyl) ] - 30-methy l phytol accagenate,  3-O- [[3 -xy l opyranosyl-( 1 -.+3 ) -13 -
g l  ucopyranos y I) ] - 30-methy I phytolaccagenate-28-O-[3 -gl ucopyranoside and 3-O-[13-
x y lopyranos y 1 -( I-+ 3 )-13-gl ucopyranosy I )" 1-30-meth y l serj anate 28-O-[3-g l  ucopyranos ide, 
together with nine known saponins of oleanolic acid. hederagenin and 30-methylphyto­
laccagenate. 

269 Cornulac1c acid 270 Monacanthic acid 

Phytochemical screening of C. monacalltha, growing i n  Qatar, revealed the presence of 
alkaloids, coumarins, saponins and sterols (Rizk et al., 1 986a). 

4. HALOXYLON Bunge 

(HAMMADA Ilj in.) 

A number of alkaloids have been isolated and identified in some Haloxylon species: leptocladine 
(271), dipterine (272) and eleagnine (273) from Hammada leptoc:/ada (Orzakuliev et al., 1 964). 
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Several a lkaoids were isolated from Hammada articulata sub sp. scoparia viz. N­

methylisosalsoline (274), carnegine (275) (Carling and Sandberg, 1970) isosalsoline (276), 
salsolidine (277), dehydrosalsolidine (278), isosalsol idine (279), N-methylcorydaldine (280), 
tryptamine (281), N-ro-methyltryptamine (282) and tetrahydroharman (283) (Benkrief et al. , 
1990). Alkaloids were also identified in Hammada varkhanica (Sadykov, 1987). A flavonoid 
(isorhamnetin-3-O-P-D-robinobioside) (284) was isolated from Hammada articulate subsp. 
scorparia (Benkrief et al. ,  I 990). Alkaloids, cardiac glycosides, flavonoids, sterols, volatile 
oil and bases, tannins, coumarins and saponins were detected in Hammada salicornica. The 
latter species possessed antidiabetic activity (Ajabnoor et al. , 1984 ). Glycinebetaine of 
Haloxylon recurvum was reported to increase with increasing salinity (Khan et al., 1998). 
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284 lsorhamnetin-3-0-�-D-robinobioside 

Twenty-six volatile compounds were identified in Ha/oxy/on schmittiana. Hydrocarbons, 
constituting 53.08 % of the oil , consi sted of al iphatic as well  as monoterpenes and 
sesquiterpenes; a -pinene (285) (9.4 %) and camphene (286) (9. 3 %) were the major 
hydrocarbons, while the major sesquiterpenes were caryophyll ene (287) (2.8 %), longifolene 
(288) (2.52 %), germacrene-O (289) (2.4 %) and P -farnesene (290). The volatile oil exhibited 
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The isoquinoline alkaloids, salsoline (302) and salsolidine represented the most common 
alkaloids in the studied species viz. S. collina, S. kali, S. pestifera, S. richteri, S. ruthenica, and 
S. subaphylla (e.g. Ryabinin and Il'ina, 1 949; Proskumina, 1 958; Borkowski et al., 1 959; 
Mushinskaya et al., 1 975 ; Dauletmuratov and Komarova, 1 980; Sadykov and Khodzhimatov, 
1 985; Rizk, 1 986). Leaves and fruits of S. richteri contained 0. 1 7-0.8 and 0.32- 1 .25 % dry 
weight alkaloids respectively. Salsoline was the main alkaloid (62.5-72. 1  % of total alkaloids) 
(Dauletmuratov and Komarova, 1 980). Pakanaev et al. ( 1 980) reported that substantial alkaloids 
amounting to 0.5-3. 1 % were found in leaves, flowers and especially seeds of S. richteri. 
During fruiting the leaves, stems, seeds, and roots of S. pestifera contained 0.32, 0.24, 0.5 1 
and 0.0 1  air-dry weight % total alkaloids respectively. Salsoline and salsolidine made up 
78.67-83.08 and I 0.63- 1 4.52 % of the total alkaloids respectively (Sadykov and Khodzhimatov, 
1 985 ). Other alkaloids have been isolated e.g. salsamine (303) from S. richteri (Rizk, 1 986), 
subaphylline (304) from S. subaphylla (Ryabinin and Il' ina, 1 949) and triacetonamine from S. 
kali, S. long(!o/ia, S. rigida and S. tetrandra (Karawya et al., 1 971  b ). Methyl carbamate (305) 
(a volatile nitrogenous base) was identified in the last four species (Karawya et al., 1 972c). 
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Pollen of S. kali is one of the most allergenic and widely distributed pollens in Tehran 
(Shaffii, 1 977). Two allergen proteins were isolated and characterized from S. pest((er pollen 
grains (Shafiee et al. ,  1 98 1 ). The hypotensive effect of salsoline and salsolidine has been 
reported (Shvarev, 1 958; Borkowski and Wrocinski, 1 959; Allaberdin, 1 971  ). Preparations of 
S. paletzkiana have a pronounced vasoconstrictor, hypertensive and cardiac-stimulant activities 
(Gavrilyuk, 1 940). The antispasmodic and anthelmintic activities of S. tetrandra have been 
reported (Zahran and Negm, 1 974). The tlavonoids from S. rosmarinus possessed antimicrobial 
activity (Mahmoud et al., 1 989). Hepato-protective effect of S. collina extract was reported 
by Vengerovskii et al. ( 1 995) .  
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Basson et al. ( 1 969) reported that grootlamsiekte, a specific syndrome of prolonged 
gestat ion in sheep was caused by S. t11berc11/ata ar. tomentosa. 

5.1 .  S"/sol" cyclop/ryll" Baker, Bul l .  Misc.Int: Kew 1 894:340 ( 1 894). 

l -lamd (Ar.) 

Low woody undershrub with intricate stiff branches, up to 25 cm high usually less due to 
extensive grazing. Branches sharp-pointed, whitish, with minute sessile dwarf and scale-like 
leaves. Inflorescence axillary fascicles of minute greenish flowers. Calyces persistent in 
fruit developing into membranous wings encircling the fruit. 

Habitat and Distribution 
Frequent on stony ground in southern Qatar and coastal areas near Ras Ushairij where it form. a mixed 
community with Zygophyl/11111 qatarense and Li111011i11111 axil/are and sporadic els where in particular 
the land between AI-Rayan and AI-Shahancya. 

Nothing has been reported on the constituents of this species. 

5.2. S"lso/" imbric"t" Forssk., Fl. Aeg�·!}t.-Arab. CVII, CVIII, 57 ( 1 775). 
syn. Sa/so/a ba,yosma (Roem. ct Schult.) Dandy in Andrews. Fl. Pl. Anglo-Egypt. Sudan I: 1 1 1  

( 1 950); Che11opodi11111 ba,yosmom Schult ex Rocm. ct Schult., Syst. Veg., ed. 1 5, 6.269 ( 1 820); 
Salsolafoetida Dclile ex Spreng., Sept. Veg. 1 :925 ( 1 824). 

Hamd Zcfcr (Ar.) 
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Evergreen low much-branched woody undershmb up to 60 cm high and forming mats spreading 
up to 1 .5 cm across with succulent young shoots and whole plant with distinct sardine/fishy 
odor. Leaves with rudimentary laminas and bases clasping and encircling branches. Mature 
branches bare. Inflorescences spicate, of minute green flowers with distinct calyces that enlarge 
and tum pappery and persistent in fmit (appearing as white flowers). 

Habitat and Distribution 
Widespread and is the most common succulent undershrub on saline coastal soils beyond the tidal zone. 
Plants can respond to extreme heat stress by partial physiological death of older branches. As a salt­
tolerant plant, it is widespread in sabkhas (saline depressions and salt flats) and may be encountered in 
moist habitats, sewage disposal areas, edge of agricultural fields and as a roadside weed in residential 
areas throughout with lush pale green growth. It is the most common plant in Doha. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of S. hmyosma, growing in 
Qatar, are shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d). The seeds of S. ba1J 00s111a, collected 
from Pakistan, contained Cl, 0.98; Na, 3.09; Mg, 0.40; K, 0.62 and Ca, 0.285 11111101 g I dry 
weight (Khan and Ungar, 1 996). Seasonal variation in chloride ion percentage of S. ba,yosma, 
growing in India, in relation to the salt basin, was studied (Rajpurohit and Sen, 1 979). The 
highest value of all minerals observed was at the depth of 75 cm (2.56 and 2.60 % in April and 
May respectively), whereas the minimum value was in June and July (0.07 and 0.03 ° o  
respectively) a t  the surface. 

Phytochemical screening of S. ba,yosma, growing in Qatar, revealed the presence of 
alkaloids, coumarins, saponins and sterols (Rizk et al., 1 986a). 
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5.3. Sa/sofa scl1wei11ji1rthii Sohns, Bot. Zeitung (Berlin) 59: 1 73 ( 1 90 I). 
syn. Damiel/a 1·c/11ve111/11rt/11i (Sohns) Brullo, Webbia 38:3 1 3  ( 1 984) 

l lam<l (Ar.) 

1 1 5 

Unramecl shrub reaching up to 50  cm high with whitish young branches and fissured older 
branches. Leaves sessile, alternate. In fl orescences of lcw flowers on axil lary spikes. Fruit 
winged. 

Habilat and Distribulion 
Reported by Batanouny ( 1 98 1 )  as occa�wnal on saline soil of �outhern Qatar an<l by Boulos (2000) as a 
plant reported 111 Saudi Arabia and Oman of the GulfCountnes. 

Constituents 
The protein and neutral sugar content of S. sdllt'e111fi1rthii, growing in Egypt, amounted to 
83 .6 and 1 5 .3 mg g dry weight (Turki, 1 998). 

5.4. Sa/sofa sot/a L., Sp. Pl., ed. I, ( 1 753). 

l-lamd (Ar.) 

Rare small annual herb up to 1 5  cm high. Plant succulent, ash-green usual ly with purple 
tinge. Leaves sessile, fleshy. 

\ 
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Habitat and Distribution 
Occurs in association with Avice1111ia marina on muddy coa tlines in N.E. Qatar at AI-Khor, AI-Dhakhira 
and Ras AI-Madbakh. 

Constituents 
Rovcsti ( 1 940) recommended the use of S. soda and others, as vegetable substitutes for fats in 
the manufacture of soap. S. soda, growing in Poland contained salsol ine (Borkowski el al., 
1 959). 

Phytochcmical screening of S soda, growing in Qatar, revealed the presence of al kaloids, 
coumarins, tlavonoids and sterols (Rizk el al. 1 986a). 

S.S. Sa/sofa i•ermiculata L., p. P l ., ed. I, ( 1 753). 

Hamd (Ar.) 

An annual suffruticose succulent herb growing up to 30 c m  high. Much related to Sa/sofa 
imbricala but rather hairy and with non-rudementary succulent leaves. Similar to other Sa/sofa 
species in flowering and fuiting. 

Habitat and Distribution 
A roadside species and also at the edges of cultivated ground and large parks. Common in Doha, rare in 
the wild. 
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Constituents 
S. vermiwlata, growing in Iraq, was reported as a good indicator of sodium carbonate fom1ation 
and indicated low salinity in sandy soi ls and low to high salinity in heavier soils. I t  is an 
excellent indicator of deep ground waters (at depth greater than 2 111) (I labib et al., 1 971  ). 

6. SEIDLITZ/A Bunge ex Boiss. 

6. 1 .  Seilllitiza ros111ari1111s Bunge ex Boiss., Fl. Orient. 4: 951 ( 1 879). 
syn. S11aeda ros111ari11us Ehrenb. ex Boiss., pro syn. Sa/sofa rosmari11us (Bunge ex Boiss.) Sohns, 

Bot. Zeitung (Berlin) 59: 1 7 1  ( 1 90 I ). 

Shenan (Ar.) 

Low woody perennial halophytic shrub with succulent young shoots and leaves. Stem basal 
with many whitish branches. Leaves sessile succulent, opposi te, terete [in poor growth it 
resembles Anabasis setifera]. Inflorescences axillary, of small flowers. Fruit winged. 

Habitat and Distribution 
Seidlitiza is an excellent sand stabilizer with its low growth trapping moving sand and debris. It  is 
common south of Sealine (Masaeed) the area of Bargan sand dunes and the sandy shores N. Doha 
(Thaileb). It has been reported in a number of locations along Qatar's coastline throughout on saline 
sandy soils. In the past Seidfitiza was used as a soap substilute and a tenderizer of beans. 

- -- �-- -- - - - - - -
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Table 30. Chemical composition of S. aegyptiaca 

Constituents 
Moisture 

g/ 100 g dry material 
Protein 
Lipids ( ether ext.) 
Crude fibre 
Soluble carbohydrates 
Mucliage 
Ash 
Carbohydrates (by difference) 

mg/JOO g d,y material 
Iron (10)" 
Zinc (15)" 
Copper (2.0-3.0)" 
Manganese (2.5-5.0)' 
* mg. day Recommended Dict,iry Allov. ,mcc ( 1 980). 

% 

84.75 

10.50 
1.64 
5.93 

22.33 
2.10 

39.82 

17.68 
10.08 

4.54 
0.70 
6.98 

The protein level of Schanginia aegyptiaca approached that found in cereals, especially 
rice and com. The amino acids pattern (Table 31) of the protein clearly demonstrated that both 
lysine and methionine were limiting in the protein . 

. -. ---·-�� - - - - � .  - ---... 
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Table 3 1 .  Amino acid composition of S. aegyptiaca with re ference to the FAO pattern 
(mg/g N) 

Amino Acids FAO Egg S. agyptiaca Chemical score 
Ref. protein 

Pattern 
Essential Amino Acids 

Lysine 344 487 2 1 6  63  
Methionine 200 6 1  
Cystine 1 31 
(Total sulphur) (219) (331)  (61) 
Phenylalanine 344 1 82 
Tyrosine 237 1 35 
(Total aromatic) (375) (581) (21 7) 
Leucine 437 550 296 68 
lsoleucine 250 369 1 56 62 
Valine 3 1 2 444 1 34 43 
Threonine 250 306 1 77 7 1  
Tryptophan 62 87 

Total-cystine-tryptophan 2937 1 357 

Non-essential Amino Acids 
Aspartic acid 626 359 
Glutamic acid 8 1 6  406 
Alanine 382 220 
Proline 203 1 59 
Serine 450 205 
Glycine 1 99 234 
Arginine 454 1 84 
Histidine 1 96 88 

Total 3326 1 855 
E/T' ¾ 46.9 42.2 
• Total = Essential A. A. + Non-Essential A. A. -cystinc - tryptophan; Rizk et al. ( 1 984). 

The free sugars of Schanginia aegyptiaca were identified as glucose, galactose and sucrose, 
and the components of the mucliage (2. 1 %) as glucuronic acid, galacturonic acid, galactose, 
arabinose, rhamnose and an unidentified sugar (Rizk et al., 1 984). 

The sterol fraction of Schanginia aegypliaca consisted of stigmasterol (56 .3 1  %), P­
sitosterol (38. 1 4  %), campesterol (5.55 %) and traces of cholesterol. The fatty acids pattern of 
this plant was reported as characteristic with l ow chain saturated fatty acids absent and palmitic 
acid representing the major constituent (52.85 %). The saturated myristic (0.46 %) and stearic 
(6 .04 %) acids were also present. Palmitoleic and linolenic acids were detected as traces, and 
a high content of the essential fatty acids (59.35 %) was reported. The very high ash content 
(39.82 %) reflected the particular origin of this plant, which grows on saline soils. The iron 
content, as compared with the recommended allowances may help in al leviating the iron 
deficiency anaemia. The plant may be considered as a nutritional supplement (Rizk et al., 
1 984). 
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storage (Ernst et al. , 1 996). The levels of sucrose and fructose in chicory (C. i11tyb11s var. 
folios11111) roots remain about the same over the growing season, while the levels of total non­
structural carbohydrates (TNC) and fructans increased. At the onset of cooler fall temperatures 
and especial ly during storage, sucrose and fructose contents increased. Concurrently, the second 
fructan series that contained no glucose (inulo-11-ose, n = 2- 1 8) accumulated, while at the 
same time, fructans (inulin) with a high degree of polymerization (DP) and TNC decreased. 
Chicory leaves contained low concentrations of fructans. Only trace amounts were found in 
the leaf lamina but leaf petioles, especially in the basal region, the amount was higher. The 
inulo-11-ose series up to DP 4 (inulotetraose) was also detected in the leaves (Ernst et al. ,  
1 995). 

312 lnuhn 

The major fatty acid (FA) present in the lipid of C. i11tyb11s var.folios11111 during the post­
harvest period was linoleic (33-62 %), followed by palmitic (24-36 %). Changes in the FA 
composition were observed after harvest in both leaves and flowering stalks. The most 
pronounced changes occurred in the younger leaves within the first four post-harvest days. 
Older leaves showed the greater amounts of FA. Younger leaves had higher saturated to 
unsaturated FA ratios. Floral stalks and leaves showed a decrease in total FA and saturated to 
unsaturated ones with time (Krebsky et al. ,  1996). 

Roasted chicory ( C. intybus) root is used as a coffee substitute and is usually sold as a 
constituent of mixtures with roasted barley malt and related products in Gennany. Bitterness 
and acidity tastes are characteristics of chicory. Aldonic acids (e.g. arabonic  (3 13), gluconic 
(3 14), mannonic (3 1 5), ribonic (3 1 6) ,  etc.), deoxyaldonic acids (e.g. 3-deoxypentonic, 
isosaccharinic, lactic (31 7), etc.), furanoic acids ( e.g. 2-furanoic ), oxo acids ( e.g. 2-oxovaleric, 
pyruvic (31 8)), volatile acids (formic, acetic, propanoic, butanoic), several other aliphatic 
acids (e.g. citric, fumaric, malic, succinic, quinic) and aromatic acids (e.g. benzoic, 2,4- 2,5-
3,4-dihydroxybenzoic, 3-hydroxycinamic, vani l l ic, etc.) have been detected in roasted chicory 
(Barlianto and Maier, 1994, l 995a,b; Wohmiann et al. ,  1 997). 

COOH COOH COOH COOH 
I I I I 

HO-C-H H-C-OH HO-C-H H-C-OH 
I I I 

(yHOH)2 (yHOHb (yHOHb (yHOH)2 

CH20H CH20H CH20H CH20H 

313 Arabonic acid 314 Gluconic acid 315 Mannonic acid 316 Ribonic acid 

0 
CH3?HCOOH II 

CHrC-COOH 
OH 

317 Lactic acid 318 Pyruvic acid 

Sesquiterpene lactones (e.g. lactucin (31 9), 8-deoxylactucin (320) and lactuopicrin (321)) 
were isolated from C. intybus (St. Pyrek, 1 985; Rizk, 1986). Four sesquiterpene lactones, 
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cichoriolide A (322), and cichoriosides A, B (323), and C were isolated from C. e11divia and 
C. i11tyb11s together with other nine sesquiterpene lactones (Seto et al., 1 988). a-Amyrin, 
taraxerone, P-sitosterol and baurneyl acetate were isolated from the roots of C. i11tyb11s (Du et 
al. ,  1 998). The sesquiterpenoid phytoalexin cichoralexin (324) was identi fied from C. i11tylms 
inoculated with Pse11sdo111a11as cichorii (Monde et al. , 1 990). 

M -o-
co CH2-Q--0H 

HOJ� 

319 Lactucin; R = OH 
320 8-Deoxylactuc,n- R = H 321 Lactuopicrin 

M :�H 
glu-0)� 

323 Cichorioside B 324 Cichoralexin 

322 c,choriolide A 

Kaempferol gl ycosides were isolated from C. e11divia (Rizk, 1 986). The major anthocyanin 
ofred leaves of C. i11tyb11s was identified as cyanidin-3-O-P-(6-O-malonyl)-D-glucopyranoside 
(Bridle et al. , 1 984). 

C. i11tyb11s was demonstrated to be a potential indicator for heavy metal contaminated sites 
(Simon el al., 1 996). A high concentration of heavy metals was also observed in the edible 
green parts of endive (C. endivia) (Zupan et al., 1 997). 

The water-soluble extract of chicory was found to reduce glucose uptake from the perfused 
jejunum in rats (Kim and Shin, 1 996). 

1 . 1 .  Ciclwri11111 em/Ma L. subsp. p11111i/11111 (Jacq.) Cout., Fl. Porl. 622 ( 1 9 1 3). 
syn. Cichori11111 p11111il11111 Jacq., Obs. Bot. 4:3 ( 1 77 1  ); C. i11tybm L. subsp. p11111i/11111 (Jacq.) Ball., J. 

Linn. Soc. 1 6 :534 ( 1 828). 

Chiboria (Ar.) 

Erect much branched seasonal herb with rather stiff grooved branches. Leaves lobed; tips of 
lobes pointed. Inflorescences composite heads of blue florets. Fmit cypselas with short pappus. 

Habitat and Distribution 
Very rare in Qatar and recorded only as a weed in leuccmc fields and house gardens in Doha. Possibly an 
introduced weed preferring good rich (fertilized) soils. 

Constituents 

The leaves of C. pumilum, a weed growing in alfalfa fields, are eaten by vil lagers in Egypt as 
a green salad. The roots contained inulin (Rizk, 1 986). 
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A llavonoidal glycosidc, identi lied as isoquercitrin, has been isolated from the plant. The 
roots contained 2 guaianolidcs, I op-hydroxycichopumilide ((325), I OP-hydroxyguaia-4, 1 3-
dicn-6, 1 2-olide) and I Op-hydroxy-I Ip, 1 3-dihydrocichopumilidc (326) (Rizk, 1 986). 

OH 

� .
..
.. 

0 
325 1 011--Hydroxycichopumilide 326 1 011-Hydroxy-1 1  p, 13-dihydroctchopumilide 

2. IF LOGA Cass. 

2.1 .  ljloga �picata (Forssk. ) Sch.-Bip. in Webb. and Bi rth. Phyt. Canar. 2: 3 (1845). 
syn. C/11J 1soco111a �11icata Forrsk., Fl. Aegypt.-Arab. LXXll l ( 1 775). 

Alk ghazal (Ar.) 

Minute ephemeral herb 6-8 cm high, erect with usually one stem compo ed of an elongated 
dense spicate inflorescence on a very short leafy stem. Inflorescences dense with rough 
involucral bracts enclosing minute flowers. Friut cypselas with pappu . 
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Habitat and Distribution 
Widespread in Qatar on sandy soi ls. Common in central Qatar appearing after the seasonal rains. If the 
rainy season is good it wil l  produce further growth of flowering branches. On the other hand, if the rains 
are poor only small (about 4 cm) individuals grow with a single shoot terminating in one inflorescence. 

Constituents 
The proximate analysis and amino acids of/. spicata, growing in Qatar are shown in Tables 
1 75 and 1 76 (AI-Easa, 2002a,b) 

Phytochemical screening of/. spicata, growing in Qatar, revealed the presence of coumarins, 
tlavonoids, sterols, and probably alkaloids (Rizk et al., 1 986a). 

3. LACTUCA L. 

The fatty acids of seed oil ofL. saliva var. long{folia were identified as oleic (61 .5  %), stearic 
(20.4 %), palmitic (9.7 %), myristic (2.8 %), cis-palmitoleic ( 1 .2  %), behcnic (0.5  %) and 
l ignoceric (0.3  %) acids (Said et al., 1 996). 

Sesquiterpene lactones have been isolated from several Lactuca species. Examples of 
these compounds are shown in Table 32. 

Species 
I .  L. .floridana 

2. L. laciniata 
(roots) 

3. L. saliva 
(aerial parts) 

4. L. serriola 

5. L. tatarica 
(roots) 

6. L. virosa 

Table 32. Sesquiterpenes of some Lactuca species 
Sesq ui terpenes 

Lactucin and lactuopricrin 

9a-Hydroxyzaluzanin C (327), 9a-hydroxy-
l l ,  l 3a-dihydrozaluzanin C (328), 
lactucopicriside (329), lactulide A (330), 
lactuside B (331) ,  I IP , 1 3-dihydrolactucin 
acetate and 1 1 , l 3a-dihydroglucozaluzanin C 

Lactucin, I IP , 1 3-dihydrolactucin, lactupicrin, 
3-p -hydroxy- 1 1 p ,  1 3-dihydroacanthospcrmolide 
(332), and 3P, 1 4-dihydroxy- l IP , 1 3-dihydro­
costunol ide 

Jacquinel in (333) and 8-deoxylactucin 

I !pH, 1 3-Dihydrolactucin-8-O-p-mcthoxyphcnyl 
-acetate (334), three guaianol ide glycosides, 
tataroside(3P, I IP, 1 4-trihydroxy- l l , 1 3-
dihydrocostunolide-3P-glucopyranoside (335)) 

Lactucin, jacquinel in, lactucopicrin, 
8-desoxylactucin, lactuside A (336), 
I IP, 1 3-dihydrolactucin 

References 
Bohlman et al. ( 1 98 1 )  

Nishimura et al. 
( 1 986); Bi et a!. (1 996) 

Mahmoud et al. ( 1 986) 

St. Pyrek ( 1 977) 

Kisiel et al. ( 1 997); 
Kisiel and Barscz ( 1 998) 

Gromek ( 1 989, 1 99 1 ); 
Gromek et al. ( 1 992); 
Kisiel and Barszcz ( 1 997) 

The study of the surface l ipids (waxes) of four leaf lettuce (L. saliva var. crispa) varieties 
revealed the presence of fatty acids, primary and secondary alcohols, aldehydes, esters and 
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alkanes. Primary alcohols were the major fraction and alkanes occurred in smal l  amounts. 
The alkanes were C,.,_33, with pentaeosane and hentriacontane were the major components. 
Mean content of these two compounds was 4 1.8-55.  7 % in the varieties. Branched-chain 
al kanes were a lso present. C20_32 alkanols were found with docosanol, tetracosanol, and 
hexacosanol as the major components. Branched-chain alcohols were present in smal l  amounts 
(Breier and Buchloh, 1 987). Octadecanoic acid, hexacosanol, P -sitosterol, muxicaosu 7-O-P­
D-glucoside and yanguqiangsu 7-O-P-D-glucoside were isolated from lxeris chi11e11sis (l. 
c/1i11e11sis) (Zhou and Yuan, 1 996). Thirty-nine triterpenoids including 1 7-epilupenyl acetate 
and ixerenyl acetate were isolated from the aerial parts and the roots of 1. chi11e11sis (Shioj ima 
et al., 1 996). P -Sitosterol and P-amyrin were identified in the seeds of L. saliva var. lo11g(/olia 
(Said et al., 1 996). 

glu- O  

HO

� 

_ _,Q

H 

= X 
0 

0 

327 9a-Hydroxyzaluzanin C; X = CH2 
328 9a-Hydroxy-1 1 ,  13a-dihydrozaluzanin C; X = H, aMe 

0 

� -
O-C-CH2-0-0H 

� --· 
RO�-{ · 

0 

329 Lactupicriside 330 Lactulide A; R = H, R 1 = CHO 

rS ,H 

HO

�

, 

0 

332 333 Jacquinelin 

331 Lactuside B; R = glu, R 1 = CH2OH 
336 Lactuside A; R = glu, R 1 = CHO 

HO��J-
c,

,-Q-

o

•, 

0 

334 

OH 

�-0�� 

0 

335 Tataroside 

lxeris chi11e11sis had good quality of vitamin C and unharmful amount ofnitrate and nitrite 
(Qiu, 1 998). The Fe content in L. scariola was 0.0160-0.42 mg % (Chang, 1 985). Lettuce and 
endive were reported as cadmium accumulative species (Garate et al., 1 993). 

--- - - - - -- ---
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Early works on the latex of L. saliva and L. virosa revealed the presence of the two isomeric 
alcohols, a and P-lactucerol, which were later shown to be mixtures, the fom1er being impure 
taraxasterol, which was present, together with amyrin and germanicol (337) in the latex of L. 
virosa. Five closely related triterpene acetates (a-amyrenyl, P -amyrenyl, germanicyl, 
taraxasteryl and lupenyl acetates), together with P-amyrin, taraxasterol and sterols have been 
isolated from L. denticulata and L. indica (Rizk, 1 986). 

HO 

337 Germanicol 

Several flavonoids were isolated from lactuca species. Luteolin-7-glucoside and rutin 
were identified in some species (Rizk, 1 986). Six tlavonoids were isolated from aerial parts of 
L. quercina and L. tatarica. Of these, three compounds, apigenin, luteolin and quercetin-3-O­
P -glucopyranos ide were foun d i n  b oth spec ies, two com pounds, api gen i n -7-O-P ­
glycopyranoside and kaempferol-3-O-P -glucopyranosidc occurred in the latter species and 
one luteolin-7-O-P -glucopyranoside (338) from the former one (Kisiel, 1998). "Round" lettuce 
contained 1 1  mg of quercetin g· 1 fresh weight compared to 9 1 1 mg g· 1 in the outer leaves and 
450 mg g· 1 in the inner leaves of "Lollo Rosso" a lettuce variety (Corzier et al., 1 997). Seven 
phenolic compounds: esculetin (339), luteolin, luteolin-7-O-glucopyranosiduronic acid-6"­
methyl ester, (E)-2,5-hydroxycinnamic acid and ethy-4-hydroxybenzoate were isolated from 
Ixeris denticulate var. pi1111atipartita (L. denticulata) (Ma et al., 1 998a). Scopoletin, luteolin, 
apigenin, (E)-2,5-dihydroxycinnamic acid, bis-(2-ethylhexyl) phthalate, (+)-syringaresinol (340), p-hydroxybenzaldehydc (341 ), 1 ,4-benzenedimcthanol were isolated from the herb of 
Jxeris sonchifolia (L. sonchifolia) (Ma et al., 1 998b). A pigment isolated from L. saliva leaves 
was identified as cyanidin 3-O-(6"-malonylglucoside) (Yamaguchi et al., 1 996). 
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6.2. So11c/ms o/eraceus L., Sp. Pl. ed. I , :794 ( 1753). 

Jeidaid (Ar.) 

Erect annual herb with milky sap and basal leaves reaching up to 80 cm high but usually 25-
40 cm high. Cauline leaves amplexicaul with ± triangular auricles; margins pinnati-lobed. 
Inflorescences numerous capitula on leafy panicles, rather congested; florets ligulated, bisexual. 
Fruit cypselas (achenes) with IO or more slightly tubercled, and striae with a tuft of soft hair 
not exceeding I cm length. 

Habitat and Distribution 
Avery common weed of agricultural fields, lawns, parks, house gardens, etc. throughout Qatar. 
The leaves arc edible a� lettuce. 

Constituents 
S. oleraceus in one of the major widespread weeds which contaminates winter vegetables 
such as Tr(fohwn and Trigonella species. It is commonly eaten fresh by farmers in Egypt as a 
major diet. Leaves and stems arc often eaten as a salad (Rizk, 1986) .  According to Guil­
Guerrero et al. (1998), a minimum diet of77 g of the leaves per day would provide a sufficient 
amount of vitamin C to meet the recommended daily allowance of 60 mg per person. 

The proximate composition, amino acids, fatty acids and minerals of S. oleraceus, growing 
in Qatar, are shown in Tables 175-178 (Al-Easa, 2002a-d). 

The proximate composition as well as the content of mineral elements, fatty acids, vitamin 
C, carotenoids and oxalic acid of S. oleraceu�, growing in Spain, are shown in Tables 36-40 
(Gui!, Gerrero et al., 1998). The vitamin C content ( 45 mg/I 00 g edible leaves) of S. oleraceus, 
reported by Gui! et al. ( 1997) was consistent with those reported by Saleh et al. ( 1977), and 
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higher than other resul ts from Bruno el al. ( 1 980). The vitamins and antinutrients of edible 
leaves reported by Gui I el al. ( 1 997) were as follows: ascorbic acid ( 45±21 ), dehydroascorbic 
acid (9±4), carotenoids ( 1 5 .3±3. 1 ), oxalic acid (98±39) and ni trate ( 1 48±46) mg/I 00 g, edible 
leaves. Other data on the vitamin C and provitamin A in the leaves of S. o/eraceus have been 
reported (Bruno et al. , I 980; De Alemaida-Muradian el al., 1 998). In addi tion to the fatty 
acids detected by Gui I-Gerrero et al. (1 998) (Table 38), Gui) et al. ( 1 996a) reported the presence 
of C20,5.,,3 (0.35 %), C22,5"'3 (0.25 %) and C22,4"'6 (0.27 %) in the plant, which is also growing in 
Spain. Seed oil of S. o/eraceus, growing in India, contained 1 3.7 % vemolic acid (373) (Ahmad 
et al., 1 986a). 

COOH 

373 Vernolic acid 

The study of the tri terpenoid consti tuents of S. o/eraceus revealed the presence of a­
amyrin (EI-Khrisy et al., 1 992), taraxasterol (Khan and Varshney, 1970), and 3j3,25-epoxy-3-
hydroxyolean- l 8-en-28-oic acid (Ahmed, 1992). Several terpenoids were isolated from the 
roots (Shioj ima et al. , 1997) . The volatile oil from S. o/eraceus contained y-terpineol (374), 
heptanoic acid (375), geraniol (376), bomyl acetate, geranial (377), anethole (378), hexanoic 
acid (379), butanol and other unidentified components (Ahmed, 1992). Ceryl alcohol and 13-
si tosterol were also isolated from the plant (EI-Khrisy et al. ,  1 992). 

, �COOH 

374 y-Terpineol 375 Heptanoic Acid 376 Geraniol 

CHO £ 
�COOH • 

OMe 

377 Geranral 378 Anethole 379 Hexanoic Acid 

Nine sesquiterpene glycosides were isolated from S. o/eraceus: glucozaluzanin C (380), 
macrocliniside A (381), crepidiaside A (382), picriside B (383), picriside C (384) and 
sonchusides A (385), B (386), C (387) and D (Miyase and Fukushima, 1987). 

-<Y>R 
,._o r� 

0 

380 Glucozaluzanin C; R = H 
381 Macroliniside A; R = OH 

9"-0
� 

0 

382 Crepidiaside A 

,,,-o� 
0 

383 Picrisrde B 
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,,,-o�' 

0 

384 Plcrlslde C; X = CH2 
385 Sonchuslde A; X = H, a Me 

�� 0-C �OMe 

,,,-� 
0 

386 Sonchuslde B 

m _  
glu-o"' I b-{. 

0 

387 Sonchuslde C 

Mousa and Al-Hazimi (1990b) isolated 2-methylheptylbenzoate (388) from S. oleraceus 
together with an acetate ester. 

388 2-Methylheptyl benzoate 

A disaccharide (389) (Mousa and Al-Hazimi 1990a) and sucrose (Mousa and Al-Hazimi 
1990b) were identified in the plant. 

f�,H O 

y� OH OH 

389 

The following flavonoids were identified in S. oleraceus: apigenin-7-glucuronide, luteolin-
7-glucoside, luteolin-7-glucuronide, and luteolin-7-glucosylglucuronide (Mausour et al., 
1983a). Two coumarins viz. esculetin and scopoletin were isolated from the leaves (Mansour 
et al., 1983a; El-Khrisy et al., 1992) .  

The leaves and stems have shown a higher ascorbic acid oxidase activity and the stems 
were reported to contain 0.1 44 % rubber (Rizk, 1986). S. oleraceus, growing in Qatar, gave 
positive tests for alkaloids and saponins , in addition to flavonoids and coumarins (Rizk et al., 
1986a). 

Several uses of S. oleraceus in folk medicine have been reported (Rizk and El-Ghazaly, 
1995) .  

6.3. Sonchus tenerrimus L., Sp. P l. ed.1, 794 (1753). 

Jeidaid (Ar.) 

Mostly annual herbs with tap-root system. Similar to S. oleraceus but differs in the structure 
of the achenes. Leaves mostly petiolate, glabrous. Inflorescences with bisexual l igulate florets. 
Fruit cypselas, narrow, laterally compressed with many straie. 

Habitat and Distribution 

Weed if cultivated and arable lands favouring areas where moisture is high. 
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Constituents 

The proximate composition as well as the contents of mineral elements, fatty acids, vitamin 
C, carotenoids and oxalic acid of S. le11erri11111s, growing in Spain are shown in Tables 36-40 
(Gui I-Gerrero el al., 1998). In addi tion to the fatty acids detected (Table 38), Gui) et al. ( 1996a) 
also reported the presence ofC 16, 1019 (4.08 %), C22,5..,3 (0.38 %) and C22,4016 (1.83 %) in the plant, 
growing in Spain. Of the twenty edible wild plants in S.E. Spain, studied by Giul et al. (1996a), 
sow-thistle (S. oleraceus) and sow-thistle of the wall (S. te11erri111us) showed higher li pid 
content  than in more common vegetables. 

Mineral content, especially K (Table 37) was high in comparison with the range of other 
examined edible-vegetables (Guil-Guerrero et al., 1998). The vitamins and antinutrients of 
the edible leaves were reported by Guil el al. (1997), as follows: ascorbic acid (38±14), 
dehydroascorbic acid (10±4), carotenoids (5.7±1.1), oxalic acid (64±32) and nitrate (89±17) 
(mg/I 00 g leaves). Investigation of the plant revealed that the stems contained 0.04 % sterols, 
and the stalks and roots contained 0.112 % and 0.23 7 % rubber, respectively (Rizk, 1986). 
The flavonoids of the plant were identified as apigenin-7-glucuronide, luteolin-7-glucoside, 
luteolin-7-glucuronide and luteolin-7-glucosylglucuronide (Mansour et al ., 1983a). 

XI. CONVOLVULACEAE Durande. 
1. CONVOLVULUS (Toum. f.) L. 

Several Convolvulus species have been reported to  contain tropane alkaloids, which were 
mainly localized in the roots. Atripova (1996) isolated 18 tropane alkaloids from two 
Convolvulus species. Examples of these alkaloids are shown in Table 41. 

Table 41 .  Alkaloids of some Convolvulus species 

S12ecies Alkaloids References 
1. C. krauseanus (aerial parts) Convolvine (390), convolamine Atripova (1985); 

(391), convolidine (392), Rizk (1986) 
phyllabine and convolicine (393) 

2. C. /ineatus Convolvine and convolvamine Rizk (1986) 
3. C. sabatius ssp. mauritanicus consiculine (394) and consabatine Jenett-Siems et al. 

(roots) (395) (1998) 
4. C. siculus (roots) consiculine and consabatine Jenett-Siems et al. 

(1998) 
5. C. subhirsutus (roots) convolvine, phyllabine, Sharova et al. 

convolidine and confoline (1980) 
(N-formylconvoline) (396) 

6. C. subhirsutum (roots) convolvine, convolvamine, Atripova and 
convolvidine and convosine (397) Yunusov (1986 a,b) 

The isolation of the alkaloid cuscohygrine (398) from several Convolvulus species was 
also reported (Rizk, 1986). 
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The fatty acids of C. lanatus were identified as palmitic (37.33 %), stearic (4.14 %), oleic 
(34.37 %), linoleic (14.81 %) and linolenic (9.33 %). C. lanatus, contained a-amyrin, 13-
amyrin, 13-sitosterol, campesterol, stigmasterol, hexadecanol, octadecanol, nonadecanol, 
tetracosanol, hexacosanol (SeifEI-Nasr et al., 1984), and oleanolic acid (Dawidar et al., 2000). 

Several resin glycosides named scammonins (I-VIII) were isolated from scammony roots 
(C. scammonia) (Noda et al. , 1990, 1992; Kogetsu et al., 1991). Scammonins I-VI (399-404) 
have a common glycosidic acid, scammonic acid A (405) and an intramoleculr macrocyclic 
ester structure. Scammonins V II and V II I  are composed in addition of (2S)-2-methylbutyric 
acid and tiglic acid (406), of orizabic acid A, and a glycosdic acid named scammonic acid B, 
with similar macrocyclic ester structures to those of scammonic A-based scammonins I-VI 
(Noda et al., 1992). 

399 Scammonin I ;  R = CHMe2, R1 = MeCH=CMeCO2 
400 Scammonin II; R = CMe='tHMeC02• R1 = MeCH=CMeCO2 
401 Scammonin Ill; R = CHMe2, R1 = OH 
402 Scammonin IV;R = CMeC.fcHMeCO2, R1 = OH 
403 Scammonin V; R = CHMe2, R1 = H 
404 Scammonin VI; R = MeCH'iCMeCO2, R1 = H 

---�--�--� ��-- �-� �-��-- --- �--------- -�------
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405 Scammonic acid A 

'-.. ,COOH 
C=C / \ 

406 T1glic acid 

1 49 

Three coumarins; namely scopoletin, umbelliferone and aesculetin as well as caffeic acid 
and quercitrin were isolated from C. /analus (EI-Fiky el al. ,  1 996). The presence of coumarins 
( e.g. scopolotin, isoscopoletin, hemiarin and umbelliferone) in other species vi=. C. aeyranisis, 
C. hystrix, C. microphy//us and C. sepium has been reported (Khalil et al., 1 981 ; SeifEI-Nsar, 
1 982; Rizk, 1 986). Vanillin, vanillic acid, syringic acid, ferulic acid, isolferulic acid (407) and 
a stilbene carboxylic acid were isolated from C. hystrix (Dawidar et al., 2000). 

HO 

MeO-b-CH=CH-COOH 

407 lsoferulic Acid 

1. 1. C011vo/v11/11s arvensis L., Sp. P l., ed. I, ( 1 753). 
syn. Co11volv11/11s a11ric11/at11s Desr. m Lam., Encycl. 3 :540 ( 1 792). Co11vo/v11/11s /011gipedice//at11s 

Sa 'ad, Meded. Bot. Mus. Herb. Rijks Univ. Utrecht 28 1 :233 ( 1 967). 

Fatgha, Hazmi, Ollaeik, Oleiq (Ar.); Bind weed (En.) 
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Prostrate, trailing/twining annual or short-lived perennial herb. Leaves alternate, simple, sessile 
variable, mostly rcpand and cordatc-hastatc at base. Inflorescences axillary, solitary or few­
flowered cymcs (2-3); flowers showy, faintly scented, funnel-shaped white or pale rose 1 .5 -
2.5cm across. Fruit a capsule with 1 -4 seeds. Flowers and fruits: April-August. 

Habitat and Distribution 
Grown as an ornamental plant and has since spread and became a noxious weed very common in 
agricultural plots difficult to eradicate. Frequent with palm trees grown in avenues and main roads 
throughout Qatar. Rare in rodats. Planted in Doha as seasonal flowers and this is possibly the origin of 
its invasion of agricultural land. 

Constituen ts 
The proximate analysis, amino acids and fatty acids of C. arvensis, growing in Qatar, arc 
shown in Tables 1 75- 1 77 (AI-Easa, 2002a-c). 

C. arvensis is one of the most widely distributed bindweeds in the Mediterranean basin, 
Europe and Asia (Karawya et al., 1 972a). Singh ( 1 962) reported its utilization as cattle feed 
during its flowering stage on the basis of its high content of protein, Ca and P. The plant is one 
of the weeds, which, under certain conditions, are rendered toxic by absorption, and storage 
of potassium nitrate (Karawya et al., 1 972a). 

a-Amyrin, P -sitosterol, campesterol, stigmasterol and several 11-alkanes and 11-alkanols 
were identified in the aerial parts of C. arvensis (Sowemino and Farnsworth, 1 973). 

Evans and Somanabandhu ( 1 974) identified the alkaloid cuscohygrine in the plant. 
Calystegins (408-410), polyhydroxy-nar-tropane alkaloids, alkaloid glycosidase inhibitors 
have been isolated from the roots of C. arvensis (Molyneux et al., 1 993). 

&DC 

' N ' OH ; H ; 

HOr--' 

408 Calystegin B1 409 Calystegin B2 410 Calystegin A3 

Glycinebetaine (0.72 % dry weight) was detected in C. a1w11sis (Adrian-Romero et al., 
1 998). 

Isoscopoletin, scopoletin, umbellifcrone and isofcrulic acid were identified in the aerial 
parts of the plant (Khalil et al., 198 1 ;  Seif El-Nasr, 1 982). The presence of P-methylesculetin 
was also reported by Constantinescu and Pa lade ( 1 967). Two flavonoids, quercetin and 
kaempferol have been identified in the plant (Rizk, 1986). 

The presence of other compounds in C. arvensis have been also reported vi=. caffeic acid, 
8-aminovaleric acid, saponins (Rizk, 1 986), and purgative resins (Provosta, 1959- 1 960). 
Analysis of the lipids has been reported by Stoller and Webber ( 1 970). 

The aqueous extract of C. arvensis possessed muscarinic and nicotinic activities (Tariq et 
al., 1 977). Meng et al. (2000) reported that high molecular weight extracts of C. arvensis 
(field bindweed) (after removing toxic low molecular weight components) inhibited the growth 
of tumour cells, and the growth of blood vessels, and enhanced the immune function. 
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1.2. Ctmvolvu/11s deserti Hochst. & Steud., Unio Itin. no. 783 ( 1837). 

l-lazmi, Khatmi (Ar.) 

1 5 1 

Prostrate perennial herb with many basal long branches. Branches covered with hairs. Leaves 
alternate, linear, sub-sessile. Inflorescences axillary. Flower white to pale rose, about 1 cm 
across. Fruit a capsule. 

Habitat and Distribution 
The plant produces new shoots with the onset of the rainy season and its more common on wadis and 
water courses in central Qatar. 
Reported as grazed by animals. 

Constituents 

The proximate analysis, amino acids, fatty acids and minerals of C. deserti, growing in Qatar, 
are shown in Tables 175-178 (Al-Easa, 2002a-d). 

Phytochemical screening of C. deserti, growing in Qatar, revealed the presence of alkaloids 
coumarins, flavonoids and sterols (Rizk et al., 1986a). 

1 .3. Co11volv11/11s fatme11sis Kunze, Flora (Regensburg) 23: 172 (1840). 

Olciq (Ar.) 

Prostrate annual herb with many basal long trailing branches. Leaves slightly pinnately lobed 
with cordate base and inset veins. Inflorescences axillary with small flowers, less than 1 cm 
across. Flowers pale rose. Fruit a capsule. 
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Habitat and Distribution 
Less common in the wild occurring in few shady rodats. Occasional as a weed in cultivated fields and 
collected as fodder in a mixture of other field weeds. 

Constituents 

Phytochemical screening of the plant, growing in Qatar, revealed the presence of alkaloid 
coumarins, flavonoids and sterols (Rizk, 1 982). 

1 .4. Ctmw,!1111/us glomeratus Choisy in A.DC., Prodr. 9: 40 I ( 1 845 ). 

Oleiq, Fatgha (Ar.) 

Twining perennial greyish green hairy herb entangled on the nei ghboring growth. Branches 
may exceed I m in length and whole plant up to 50 cm high. Leaves variable in size, ovate­
lanceolate or ovate, up to 3.5 cm long; margins entire; bases cordate-hastate. Inflorescences 
globular heads of small-congested white flowers enclosed by a pair of hairy bracts and carried 
on peduncles 5 cm long; flowers 1 -0.5 cm across . 

Habitat and Distribution 
Occasional as a twiner and scandant herb in rodats with dense growth in central Qatar; sometimes as 
bushy growth in neighbouring open gardens in Doha. 

Constituents 

The proximate analysis, amino acids, fatty acids and minerals of C. g/omeratus, growing in 
Qatar, are shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d). 
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A branched alditol, identified as 2-C-methyl-D-erythritol (411)  was isolated from the plant 
(Anthonsen et al ., 1976; Shah et al. , 1977). The plant  gave positive tests for alkaloids, 
coumarins, flavonoids, saponins and sterols (Rizk et al., 1986a). 

411 2-C-Methyl-D-erythntol 

1 .5. Convolv11/11s pilosel/ifoli11s Desr. in Lam., Encycl. 3 :551 (1792). 

Rukheima, Hathmi, Khatmi ,  Melbo (Ar.) 

Perennial prostrate soft herb wi th numerous trail ing radiating branches covered with silvery 

hairs. Branches may exceed 30 cm in length. Leaves al ternate, l inear l anceolate, sessile, up to 
3 cm l ong. Inflorescences axil lary cymes, 1-5-flowered; flowers funnel-shaped, rose-coloured. 
Fruit a capsule with 4 seeds. The plant flowers and fruits February-April. 

Habitat and Distribution 
Widespread on rocky sandy soils and in depressions of sandy or sandy-gravelly soils. Common during 
the rains at AI-Shahaneya race ground. Because the plant is well-grazed, only stunted portions remain 
which produce a regrowth of new shoots after the rains. It is reputed as a good camel fodder. 

Constituents 
The proximate analysis and amino acids of C. pilosel/ijolius, growing in Qatar, arc shown in 
Tables 175 and 176 (Al-Easa, 2002a,b ). 

Phytochemical screening of the pl ant, growing in Qatar, revealed the presence of alkaloids 
coumarins, tl avonoids, saponins and sterols (Rizk, 1982). 

1 .6. Convolv11/11s prostratus Forssk. , F. Aegypt. -Arab. 203 ( 1775). 
syn. C. microphy/lus Spreng., Syst. Veg. I :6 I I ( 1 824). 

Rukrcima, Rakhama (Ar.) 

Sub-woody perennial herb with many basal deccmbent-prostrate branches. Branches reddish, 
very vil lous glandular. Leaves l inear 2-2.5 cm long, hairy. Inflorescences with pale rose-pink 
flowers over 3 cm across on peduncles about 4 cm l ong. 

Habitat and Distribution 
Appearing with new sbouts after the rainy season in moist areas such as wadis, runnels, water-catch 
ment depressions in central Qatar on gravely soil. 
Reported as grazed by animals. 
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coumarin, 7-methoxy-8-(y,y-methylallyloxy) and 7-(y,y-dimethylalloxy)-8-methoxycoumarin 
(Dini et al., 1993 ). A coumaran remirol ( 476) was isolated from the basal stems of C. dis/ans 
and C. 11ippo11icus (Morimoto et al. ,  1999). 

OMe 

OH 0 

471 Breverin; R1 or R2 = Me, R1 or R2 = H 
472 Scaberin; R1 = R2 = Me 

� 
MeoVoAo 

OMe 

475 5,7,8-Trimethoxycoumarin 

� 
MeONlO�O 

473 5, 7 ·Dimethoxycoumarin 

r'1r7 
MeO�O�O 

OMe 

474 7,8-Dimethoxycoumann 

�

H 

0 

M 

476 Remirol 

Aerial and underground parts of C. /ongus contained 0.095 and 0.044 air-dried weight % 
a lkaloids respectively, from which bervicolline and bervicarine were identified (Sadykov and 
Begovatov, 1990). C. stolo11iferus contained alkaloids (0.13 %), glycosides (0. 77 % ), saponins 
(0.5 %) , flavonoids (0.78 %) and tannins (1.78 %) (Vu and Pho, 1993). 

C. scariosus possessed antifungal activity (Dikshit and Husain, 1984). C. stolo11iferus 
exhibited a dilation action on isolated uterus muscle of white rat (Nguyen and Vu, 1993; Vu 
and Pho, 1993). Unprocessed cyperi (Cyperus) rhizomes has a significant peroxidative effect 
and hepatoprotective activity (Kim and Park, 1997). 

1 . 1 .  Cyperus co11glomeratus Rottb. ,  Desr. P l. Rar. Progr. 16 (1772). 
syn. Cyperusjeminicus Rottb., Descr. Pl. Rar. Progr. 24 ( 1 775). 

Rasha (Ar.) 

Perennial sedge with numerous rather swollen adventitious roots, rarely developing a very 
long underground thin rhizomatous stems giving upright tufts of shoots. Whole plant tough 
with rigid culms and tenninating in compound digitate spikes. Spikes initially green soon 
becoming brown at maturity. Fruit elongated slim brown indehiscent nuts. 

Habitat and Distribution 

A very variable common and widespread sedge on coastal sand dunes forming pure stands. Widespread 
on N. E. Qatar. 
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The proximate analysis, amino acids and minerals ofC. co11g/0111eratus, growing in Qatar, are 
o;;hown in tables 175, 176 and 178 (Al-Easa, 2002a,b,d). 

I nvestigation of the underground tubers of C. co11g/0111erates, growing in Saudi Arabia, 
gave five fatty acids, three terpenoids, two sterols, five aromatic shikimates and two flavones. 
The fatty acids were: 11-capri l ic (477, octanoic), capric (478, decanoic), myristic, palmitic and 
linoleic. The terpenoids were: �-elemene, phytol and (4R,8R, I 2R)-4-hydroxy-4,8, 1 2, 1 6-
tetramethylhepta-decanoic acid lactone. The sterols were: �-sitosterol and stigmasterol. The 
shikimales were phenol, 1 -phenylethanol, chavicol (479), 3-ethoxy-4-hydroxyal lylbenzene 
(480), the ethyl ester or allylcatechol and isoferulic acid. The flavans were 5-hydroxy-7,3',5'­
trimethoxyflavan (481 )  and 5,7-dihydroxy-3'5'-dimethoxy-6-prenylflavan (482) (Abdel-Mogib 
et al., 2000). 

�COOH 
8 

477 Capnhc acid 

/'-. /'-. /'-. /'-. ,COOH 10 ' "--"' "--"' "--"' "--"' 

478 Capric acid 

481 A,  = H, A2 = Me 
482 A1 = CH2CH=C(CH3),• A2 = H 

� 
HO� 

479 Chavicol; A =  H 
480 A =  OEt 
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Phytochemical screening of the plant, growing in Qatar, revealed the presence offlavonoids, 
coumarins and steroids (Rizk, 1982). 

The study of Boer and Srageant ( 1 998) on the terrestrial perennial C. co11glomerat11s, in 
Abu Dhabi, showed that i t  is an indicator for sal inity levels. 

1 .2. Cypems /"e1,ig"t11s L., Sp. Mont. Alt. 1 79 ( 1 77 1  ). 
syn .. Cypen,s lateralis Forssk., Fl. Aegypt.-Arnb., 1 3  ( 1 775); .l1111cel/11s laevigatus (L.) C.B. Clarke 

in Hook. f., Fl. Brit. Ind. 6:590 ( 1 893). 

Rasha, Saad (Ar.) 

Perennial sedge with numerous rather swollen adventitious roots, rarely developing a very 
long underground thin rhizomatous stems giving upright tufts of shoots. Whole plant tough 
with rigid culms terminating in compound digitate spikes. Spikes initially green soon becoming 
brown at maturity. Fruit elongated, slim, brown indehiscent nuts. 

Habitat and Distribution 
A very variable common arid widespread sedge on coastal sand dunes forming pure stands. Widespread 
on N.E. Qatar coastlines. 

Constituents 

C. laevigatus, growing in Egypt, contained phytol, 1 -octadecene, P-sitosterol, stigmasterol 
and apigenin (Nassar et al., 2000). 

1 .3.  Cyper11s rot111u/11s L . ,  Sp. Pl . ,  ed. I, 45 ( 1 753). 
syn. Chlorocyperus ro/1111d11s (L.) Pallu, Alig. Bot. Zeitschr. 6 :6 1  ( I 900). 

Saad, Seida (Ar.); Nut grass, Nut sedge, Sedge (En.) 

Perennial sedge with stolons spreading from base tenninating in deep hurried corymbs. Culms 
triangular, glabrous, mid zone leafless. Leaves along 3-sided culms, rosette-like, sessile, at 
the base clasping the culms, glossy, dark green. Inflorescences tenninal on end of culms, 
umbellate, raceme-l ike spikes, subtended by 3-5 smaller leaves; spikelets overlapping. Fruit a 
nutlet, small in size. Flowers and fruits throughout the year. 

Habitat and Distribution: 
More common on rich soils where water is available: lawns, gardens, cultivated fields, rodats and water 
catchment areas. Plant spreads by vegetative means, the corymbs separnte when the plant is pulled off 
the ground which makes it a noxious weed di fficult to rid of cultivated fields. 

Constituents 

Wild onion nut grass C. rotundus, growing in Australia, contained 54.4 % water and 0. 7 % fat 
(James, 1 983). 

The bulbous ends of the root resemble small nuts and have a camphoraceous odour, I t  is 
rich in  oil and has a somewhat butter taste (Rizk, 1 986) . 

- - - - - - - - --- - - - -- I 
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The study of organic nitrogen reserves and their mobil izing during sprouting of purple nut 
sedge (C. rot1111d11s) tuber , revealed that some net protein degradation occurred after 2-4 
weeks sprouting in the presence or absence of exogenous nitrogen. Amino acids decreased 
much faster, especial ly during the first two weeks. The major amino acids were arginine and 
asparagine, which together accounted for 70 % of the total amino acids at day 0, and which 
had almost disappeared after 4 weeks of sprouting (Fischer et al., 1995). The effect of some 
factors viz. plant growth stages, dehydration and pH of l eaf extract on the yield of the l eaf 
protein concentrations from C. rotu11d11s, C. squarrosus, C. compressus and C. pw11il11s were 
studied by Pandey et al. ( 1996a). Freshly harvested leaf samples, at the pre-flowering phase 
of the plant growth and its natural pH, the leaf extract during heat coagulation of protein were 
found to produce the best yield of l eaf protein. Drying of the l eaf protein, obtained from the 
above four Cyperus species reduced the pepsin-trypsin and pepsin-pancreatin digestibility as 
compared to fresh leaf protein (Pandey et al., 1996b ). 

The essential oi l from the rhizomes of C. rotundus, growing in different countries, has 
been thoroughly studied, and the isolation of many components was reported. Like the other 
essential oils, the composition of the oil of C. rotundus varied according to the area in which 
it was cul tivated or grew (Rizk, 1986). 

Gas-l iquid chromatography of the essential oil of Indian origin revealed the presence of 
more than twenty-seven components, comprising sesqui terpene hydrocarbons (25 %, ten 
components), sesquiterpene epoxides ( 12 ° o, two components), sesqui terpene ketones (20 %, 
four components), monoterpenes and al iphatic alcohol s (25 %, four components) and 
unidentified (18 %) (Kapadia et al., 1967). Four major chemotypes of C. rotundus (purple 
nutsedge) have been reported based on the composition of the essential oils in mature tuber:,, 
(Komai et al., 1991). These were: (I) H -type, a-cyperene and �-selinene, (2) M-type, a-
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cyperone, B -selinene, cyperene and cyperotundone, (3) O-type, a.-cyperene and cyperotundone, 
(4) K-type, cyperene, cyperotundone, patachoulenyl acetate and surgeonyl aceteate (Komai, 
1 994). Seasonal variation study of C. rot111ul11s tubers, growing in Chad, showed a relatively 
constant composition of the essential oil during the vegetative cycle (Mahmout et al. , 1 997). 

The sesquiterperoids identified in C. rot1111d11s were: copaene, cyperene, cyperenone, cypcrol 
(483), isocypcrol (484), cypcrolone (485), a.-cyperone, B -cyperonc, cyperotundone, 
epoxyguaicnc (486), kobusone (487), isokobusone (488), muskatone (489), 4a. ,5a.­
oxidocudesm- l l -cn-3a-ol (490), patchoulcnonc (491 ), rotundcne, rotundenol (492), rotundone 
(493), a.-rotunol (494), B-rotunol (495), sclinatricnc, B-selinenc, sugetriol (496) (Rizk, 1 986), 
a -copaene, copadicne (497), B-elemene, B -caryophyl lene, a -humulene, o -cadinene, 
calamenenc, caryophyllene oxide, humulene oxide, cyperotundone, patchoulenyl acetate, 
sugconyl acetate, sugetriol triacetate (Komai et al. , 1 994), 2a-(5-oxopentyl)-2B-methyl-5B­
isopropenylcyclohexanone (498), 2B-(5-oxopcntyl)-2B-methyl-5B-isopropenylcyclohcxanone 
(499), a tetracyclic acetal with cyperolone skeleton (500), four eudesman-typc sesquitcrpenoids 
(50 1 -504) (Ohira et al., 1 998) and 8 others of the eudesmane type (Nozaki et al. , 1 995). 
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Rotundines A (505), 8 (506) and C (506-6-epimer), three sesquiterpene alkaloids, have 
been recently isolated from the rhizomes of C. rotundus (Jeong et al., 2000). 

505 Rotundine A 

� 

X) N 

506 Rotundine B 

P-Sitosterol (Gupta et al., 1 980a; Kim et al. , 2000a), oleanolic acid and a saponin identified 
as 3-O-(2-rhamnosylglucosyl)-oleanolic acid (Singh and Singh, 1 980) have been isolated from 
the tubers of C. rotundus. 

Aurcusidin (507) (Rizk, 1 986) and rhamnetin 3-O-rhamnosyl-( I �4 )-rhamnopyranoside 
(Singh and Singh, 1 986) were isolated from the tubers. Investigation of the phytotoxic 
metabolites of Ascochyta cypericola, a fungal pathogen of C. rotundus, have yielded cyperine 
(508), an extremely active bi phenyl ether (Stierle et al., 1 99 1  ) . 
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507 Aureusuidin 508 Cyperine 

The tubers were also found to contain glucose, fructose, starch, cardiac glycosides, tannins, 
vitamin C, acids, bitter substances and polyphenolic substances (Rizk, 1 986). 

C. rotundus has been used as an analgesic, anti-inflammatory agent, diuretic and 
emmenagogue in folk remedies. The diuretic effect of C. rot1111dus was significantly increased 
in renal failure rats, the significant inhibition of blood urea nitrogen was revealed (Kim et al. , 
1 998c). It also induced stretching of the 1�terus muscle isolated from white rat (Vu and Pham, 
1 993) and had analgesic effects in the acetic acid writhing test (Vu and Mai, 1 994). An agonistic 
activity to the benzodiazepine receptor by C. rot1111dus has been reported (Ha et al., 1 999). 
Pharmaceutical compositions containing extracts of C. rot1111dus are used for skin or hair 
pigmentation (Meybeck et al. , 1 992). a-Cyperone isolated from the tubers possessed 
insecticidal acticvity against the diamond back moth larvae (Dadang et al., 1 996). 
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( e.g. 24-alkylsterols and avenasterols) (Rizk, 1 986), flavonoids (Khaitbaev et  al. , 1 987, 1 993; 
Yang et al., 1 996), and proanthocyanidins ( catechin, gallocatechin, epigallocatechin and 
leucodelphinidin) ( ls lambekov et al. ,  1 982) were identified from A. pseudoalhagi. 

531 Hordenine 

I .,-:;, NH 

MeO

=QI 
Meo 2 

OMe 
532 Mescaline 

A. 111auroru111, growing in Pakistan, contained K,O, 1.92; Nap, 0.54 and CaO, 1 .86 % in 
its ash (Sarwar et al. , 1 989). 

The use of the different parts of the plant (whole plant, root, manna "sweet exudate of 
leaves, branches" and stems) in folk medicine was reported (Al-Yahya et al., 1987; Rizk and 
EI-Ghazaly, 1 995). 

The proanthocyanidin isolated from A. pseudoalhagi possessed hypoli pidemic properti es 
(Glozman et al. ,  1989), antioxidant properties effective in heart infaraction (Bashirova et al., 
1987, 1 989; Khushbaktova et al., 1 992), and artoprotecter effects (work capacity enhancement 
during work) (Khushbaktova et al. , 1 988). Alhagin, from A. pseudoalhagi, possessed 
antiatherosclerotic and hypolipedemic effects (Aizikov et al., 1 986) .  

2. ASTRAGALUS L. 

Astragalus is a very large genus of the Tribe Galegeae represented in Qatar by six species, 
mostly seasonal herb or low growing herbaceous perennials. Astragalus is subdivided into a 
number of sections represented by one or more species in the flora: Astragalus corrugatus 
Berto( (Harpi lobus), A. eremophilus Boiss. (Facinel lus), A. hamosus L. (Buceras), A. sieberi 
DC. (Chronopus) and A. tribuloides Del . (Oxyglottis). 

The most common use of Astragalus in Asia is as forage for livestock and wildlife. U phof 
( 1 968) listed thirty-two species known to have been used by man for food, medicine, cosmetics, 
substitutes for tea or coffee or as sources of vegetable gums. 

The study of the nutritive constituents of Astragalus species indicated that their forage 
quality is highly variable among species and accessions within species (Rizk, 1986). Astragalus 
spp. have a high content of protein amino acids. Savos'kin et al. (1971) analysed thirteen 
Astragalus species for total and protein nitrogen as wel l as other constituents. The highest 
total and protein nitrogen was found in A. propingus (6.9 and 4.5 %) and the highest vitamin 
C content (500 mg %) in A. melilotoides. Later, Savos'kin and Kadyrova ( 1 974) analysed 
sixteen Astragalus species (growing in Novosibrisk, USSR) and reported that the amino acid 
and protein content correlated with the taxonomic placement ofthe species in various sections 
where the content of dry matter depended on the xerophtic characteristics of plants rather than 
on their systematic grouping. The subgenera Phaca (A. propinquus and A. puberulus), 
Ercidothrix (A. ceratoides, A. austrosibimicus, A. onolnychis, A. sulcatus and A. testiculatus), 
and Calycocystis (A.folicularis) contained 0.68-0. 79, 0.45-0.64, and 0.51-0.5 % phosphorous 
in leaves. Xerophytes contained less potassium than xeromesophytes. The nitrogen and 
phosphorous l evels were 49.9 % and 46.6 % respectively. In dry years, the dry matter was 
higher than in wet years (Savos'kin et al., 1978). Specklepod loco (A. le11tigi11osus) contained 
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protein, 1 9.3 ;  oi l ,  1 . 1 ;  polyphcnol, 7.4 and hydrocarbon < 0. 1 % (dry, ash-free plant weight) 
(Carr et al., 1 985). 

Brown and  Fowdcn ( 1 966)  showed that  some Astragalus spec ies  con ta i ned 
8-acctylornithinc. The distribution of certain non-protein amino acids and other ninhydrin­
rcacting compounds in seed extracts of 1 20 Astragalus species was determined by Dunnil l  
and Fowdcn ( 1 967). The latter study showed that al l selenium-accumulating species tested 
were rich in S-mcthylcystcinc, its 8-glutamyl derivative, and their sulphoxidcs. The majority 
of other species contained canavaninc (533) as the major soluble-nitrogen component. Other 
amino acids generally present were 8-acctylorinithinc, homoscrinc (534), y-hydroxynorval inc, 
8-hydroxyno1valinc, y-glutamylphcnylalaninc and y-glutamyltyrosinc. Other non-protein amino 
acids and peptides, such as canavaninc, y-glutamylphcnylalaninc and y-glutamyltyrosinc were 
also reported in the seeds ofAstragalus species (Rizk, 1 986). Canalinc (535), a hydrolysablc 
product of canavaninc, as well as e,ythro-hydroxy-L-aspartic acid, have been also found in 
Astragalus species (Rizk, 1 986). The root extracts from A. 111e111bra11aceus and A. cl11J1sopterus 
contained 25 and 2 1  amino acids respectively, amounting to 1 .26 and 0.56 % of the total 
extract content (Xiao et al., 1 984). 

533 Canavanine 

�NH2 
HO COOH 

534 Homoserine 535 Canaline 

The content and variation of trace clements in several Astragalus species have been studied 
e.g. A. tibetanus (Sudnitsyna, 1 973) and A. lwangl,eensis (Su et al. , 1 985). Astragalus species, 
in general, were high in Ca, Mg, S, K and Cl (Beath et al., I 934a,b, 1 935; Beath, 1 943; 
Cannon, 1 964; Hamilton and Gi lbert, 1 97 1  ). Extensive work has been carried out on the 
selenium containing amino acids of Astragalus species (Rizk, 1 986; Parker et al., 1 99 1 ;  Cowgill 
and Lindenberger, 1 99 1 ,  1 992; Ncuhicrl and Bock, 1 996). In these plants Sc was accumulated 
mainly in the fonn of Sc-mcthylcystcine, whereas selenium-incorporation into proteins was 
reduced by approximately 90 % in comparison with non-accumulating Astragalus species 
(Shri ft and Virupaksha, 1 98 1  ) .  Biochemical analysis of several selenium-accumulating 
Astragalus species showed that, as in  non-accumulating plants, seleno-amino acids probably 
were synthesized along pathways normally associated with sulphur metabol ism (Brown and 
Shrift, 1 982). A specific feature of selenium-accumulating species within the genus Astragalus 
is the accumulation ofSc-mcthyl-selcnocysteinc accompanied by the synthesis of the respective 
sulphur derivative, S-mcthyl-cystcine (Dunni l l  and Fowden, 1 967). Using cultured cel ls of A. 
bisulcatus, Neuhier l  and Bock ( 1 996) have characterised a spec ific selenocystcine 
methyltransfcrase with properties suited for diverging selenium from intrusion into sulphur 
pathways in this selenium-accumulating species. 

Cowgil l and Landenberger ( 1 992) described how non-selcnifcrous Astragalus species 
coexist with sclcnifcrous ones and what chemical changes occurred in non-sclenifcrous species 
that allowed the toleration of large quantities of volati l ised Se-bearing compounds. These 
compounds are known for their phytotoxicity as well as for their toxicity to mammals and 
insects. A. bisulcatus and A. racemosus, two Sc-accumulators were capable of tolerating several 
thousand mi l l igrams Se per kilogram leaf tissue (Brown and shrift, 1 982; Ihnat, 1 989). The 
two latter species have been reported as good candidates for remediation of Sc-enriched soils 
and sediments (Parker et al .  1 99 1  ) .  
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Astraga/us species are used as a source of gum tragacanth. Within the exudales from 
Astragalus species, more than one structural type were represented, among which there was 
evidence of the occurrence as a minor component of neutral arabinogalactan. The bulk of the 
polysaccharide, however, was of quite different structure, based upon a chain of I ,4-linked D­
galactopyranuronic acid units, most of which were substituted at C-3 by D-xylopyranosyl 
groups (Rizk, 1 986). The chemical characterisations of several Astragalus gum exudates have 
been reported (Rizk, 1 986; Anderson and Grant, 1 988, 1 989; Anderson, 1 989). The data obtained 
confirmed that the gums from different Astragalus species varied widely in their chemical 
composition e.g. galactomannans, glucans, other polysaccharides (with or without hexauronic 
acids), physico-chemical parameters, solubil ity and amino acid composition (Rizk, 1 986; 
Anderson and Grant, 1 989). Purified A. leh111a1111ia11us galactomannan (4.8 %) contained 55 % 
D-mannose and 45 % D-galactose (Mestechkina et al. , 2000). Evidence for the safety of gum 
tragacanth as a food additive has been proven (Anderson, 1 989). Among the sugars identified 
from Ast raga/us polysaccharides were glucose, galactose, mannose, xylose, fucose (536) and 
arabinose. The polysaccharides from A. echidnae.formis were found to be very potent agents, 
protecting mice from mortal ity (Smee and Verbiscar, 1 995). 

H
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Acidic polysaccharides with activity on the reticuloendothelial system have been isolated 
from the roots of A. 111e111bra11aceus (Tomoda et al., 1 992) and A. 111011gholicus (Rizk, 1 986; 
Shimizu et al. , 1 99 1  ). Astragalans (neutral polysaccharides) were isolated from the roots of A. 
111011gholicus (Rizk, 1 986). Two polysaccharides active in the enhancement of the IgM antibody 
production in the aged mice were isolated from Astragalus (Astragal i  Radix). The major 
components of the polysaccharides were neutral carbohydrates (89.3 and 95.5 %), fol lowed 
by uronic acid and protein; glucose was the maj or predominant sugar component (Kaj imura 
et al., 1 997). The mucilage content of 1 5  Astragalus species (from Iran) varied from 3.44 to 
23.56 % dry weight. The mucilages of the different species showed the presence of glucose, 
galactose, arabinose, xylose, fucose and rhamnose but in different amounts. The uronic acids 
were detected in 1 2  of the 1 5  species (Ebrahimzadeh et al., 2000). 

The isolation and identification of many triterpenoid sapogenins and saponins from several 
Astragalus species have been reported ( e.g. Rizk, 1 986; He and Findlay, 1 99 1 ;  Hirotani et al., 
1 994, 1 995; Zhou et al., 1 995; Nikolov and Benbasst, 1 997). 

Stigmast-4-en-3-one and a mixture of 2'-angeloyloxy- 1 ' ,2'-dihydroxyanthyletin and 2'­
senccioyloxy- 1 ',2'-dihydroxyxanthletin were isolated from the roots of A. 111e111bra11aceus (Kim 
and Kim, 2000). 13-Sitosterol was identified from A. pycnanthus (lsaev and Agzamova, 1 999). 
Four major 3-J3 -hyroxysterols (cholesterol, campesterol, stigmasterol and J3-sitosterol) were 
identified in the roots of 1 8  species and the seeds of five species of Astragalus growing in Iran 
(Ebrahimzadeh et al., 2001 ). 

Cycloastragenol was a common genuine aglycone in ten of the eleven astragalosides 
detected (Rizk, 1 986; Kuang et al., 1 997; Sun et al., 1 997). A number of other triterpenoid 
sapogenins were identified c.g dasyanthogenin (537) from A. dasya11th11s, cyclosiversigenin 
(538) from A. sieversianus and cycloasgenin from A. taschkendicus (Rizk, 1 986). Several 
cycloartane glycosides were isolated from A. boeticus (Asaad, 2000), A. dissectus (Sukhina et 
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al., 1 999), A. globiceps (Uteniyazov et al., 1 999), A. ole(liolius (Bedir et al., 2000), A. 
microcephalus (Bedir et al., 1 998), A. orbiculatus (Agzamova and Isaev, 1 997), A. peregrinus 
(Verotta et al., 200 I), A. trojan us (Bedir et al., 1 999), A. trigo1111s (Verotta et al. ,  1 998b) and A. 
pyca11tl111s (Agzamova and lsaev, 2000; Isaev and Agzamova, 1 999). Other triterpene glycosides 
e.g. soyasaponin I, sophoraflavoside I I  and robinioside E were isolated from A. shikokianus 
(Yahara et al ., 2000). Examples of the isolated triterpene glycosides are compounds (539-
550) (Agazamova and lsaev, 1 999, 2000; Sukhina et al, 1 999; Bedir et al., 1 999; Mamedova 
et al., 2001 ). 
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Several flavonoids have been identi lied from A. a111111ode11dro11, A. ca11casic11s, A. da/111ic11s, 
A. da11cic11s, A. _/{dcat11s, A. _ji-agid11s, A. g/ycophyllos, (Rizk, 1 986), A. co111pla11at11s (Cui el 
al., 1 99 1 ,  1 992; Yamaki el al., 1 99 1  ), A. cicer (Lenssen et al., 1 994), A. 111011g/10/ic11s (Subarnas 
el al., 1 99 1 )  and A. 011ob1ychis (Benbassat and Nikolov, 1 995). Examples of the flavonoids 
isolated from Astraga/11s species included apigenin, quercetin, isorhamnetin, kaempferol and 
their glycosides (Rizk, 1 986). Astragal in (kaempferol-3-0-glucoside) was detected in several 
species e.g. A. a111111ode11dro11 (Rizk, 1 986), A. brachycarp11s (Kazakov et al., 1 981 b ), A. 
lasiog/ellis (Kazakov el al., 1 981 a), A. 111e111bra11ace11s var. 111011gho/ic11s (Yan et al. , 1 998) 
and A. polygala (Kazakov el al., 1 981 b). Astrasikokioside I (55 1) (kaempferol-3-0-a-L­
rham nopyranosy 1-( I �6)-( a-L-rha mnopyranosy 1 -( I �  2) )-/3-D-ga lactopyranosy I-7-0-a-L­
rhamnopyranoside ), kaempferol-3-0-a-L-rhamnopyronosyl( I �2)-/3 -D-galactopyranosyl -7-
0-a-L-rhamnopyranoside and robin in were isolated from A. shikokianus (Yahara el al., 2000). 
Two antimicrobial isoflavans (Song et al., 1 997a) and six isoflavones (Song el al., 1 997b) 
were isolated from A. 111embranace11s. The isolation of isoflavones and a peterocarpan from A. 
111011gho/ic11s has been reported (Subarnas el al. ,  1 99 1  ). The isotlavones afrormosin, calyeosin 
and odoratin, isolated from the roots of A. 111e111bra11aceus possessed antioxidative activities 
superior or similar to those ofbutylhydroxytoluene and a-tocopherol (Shirataki el al. , 1 997). 
The aerial parts of A. tana contained the fol lowing tlavonoids: astragalin (kaempferol-3-
glu coside), kaempferol, kaempferol-3-0-/3-D-robinobioside, nicotitl orin (kaempferol-3-
rutinoside (552)) and ascaside (kaempferol -3-0-f3 -D-galaetopyranosyl-(3",4")-d i-O-a-L­
rhamnopyranoside) (Alaniya and Chkadua, 2000). 

HO OH 
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551 Astras,kokioside I 552 Nicotiflorin 

As/raga/us species have been found to produce alkaloids e.g. smirnovine (553) and 
swainsonine (554) from A. tihetanus and A. /e11tigi11osus respectively and melanins from A. 
cicer (Rizk, 1986). 

553 Smirnovine 
554 Swainsonine 
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Many Ast raga/us species arc uscfi.il as forage plants, or to control erosion or as ornamentals. 
On the other hand, some Ast raga/us species arc known as poisonous plants. The three general 
syndromes of poisoning in livestock caused by the consumption of certain Astragalus species 
arc: (I) selenium poisoning associated with the genus Ast raga/us ( approx. 21 species) that arc 
known to accumulate selenium (Beath and Lehnert, 1 9 1 7), (2) locoweed poisoning (about 1 3  
species), and (3) intoxication associated with the consumption of the nitro-containing species 
(209 species) (Wil l iams and Barneby, I 977a,b; Wil l iams, 1 980). Their various effects on 
livestock include: habituat ion, emaciation, ncurologic damage and reproductive alterations. 
Problems related to reproduction include birth defects, abortions and depressed sexual activity, 
including attenuated spcnnatogcnesis and oogcnesis. Locoweeds (Astragalus species) arc potent 
abortificnts, and of al l the cl inical signs of locoweed intoxication, abortions appear to have 
the most serious economic effect on l ivestock. Death and resorption of the fetus or aborti on 
may occur anytime during gestation after the animal has ingested an excessive amount of the 
plant. In addition, lambs born to ewes consuming locoweed may be smal l  and weak at birth 
(James el al., 1 967, 1 98 1 ;  Ellis el al., 1 985). Feeding 300 g or400 g of dried spotted locoweed, 
A. le11tigi11os11s per day to 1 1  pregnant Columbia ewes from the 20th to the 50th days resulted in 
dead and endematous fetuses. It was found that aspartate aminotrasferase values were increased, 
whereas serum progesterone values w�re significantly dimini shed. It was also reported that 
alterations in cotyledonary prostaglandin values might be a mechanism for altering the corpus 
lutem function and inducing fetal death, which would ultimately resul t  in abortion (El l is et 
al., 1 985). Ultrasonographi c  imaging was used to monitor fetal and placental developments in 
ewes fed locoweed (Panter et al., 1 987). More than half of the 558 species and varieties of 

North American As/raga/us synthesise toxic al iphatic n itro compounds and another 5 % 
accumulate toxic levels of selenium from the soil or synthesise compounds associated with 
locoweed poisoning (Kingsbury, 1 964; Wil l iams and Barncby, I 977a,b ) .  Range cattle and 
sheep are chronically or acutely poisoned by Astragalus species that accumulate the glycoside 
miserotoxin (555), 3-nitro- l -propyl-P-D-glucopyranoside (Stermitz and Yost, 1 978; Williams 
and James, 1 978). The chronic form of intoxication was prevalent and related to the rate of 
consumption of the plant, the species of plant, and the stage of growth (James et al., 1 980). 
The nitro compounds catabol ized in the digestive tract of ruminants were the highly toxic 3-
nitro- 1 -propanol (556) and the less toxic 3-nitropropionic acid (557) (Wiliams and James, 
1 978; James et al., 1 980). Species of Astraga/11s that synthesise 3-nitropropanol at any level 
arc prisonous to l ivestock. Concentrations of 5 to 9 mg NO2/g of plant as 3-nitroperopanol in 
Emory milkvctch (A. e11101yan11s var. e11101yan11s (Rydb. ) Corl ) caused severe losses of cattle 
and sheep on range in New Mexico (Wil l iams et al., 1 979). 

555 Miserotoxin 556 3-Nitro-1 -propanol 557 3-Nitropropionic acid 

Panter et al. ( 1 995) reported that selenium fed to open cycling ewes in the form of sodium 
selenate or A. bis11/cat11s at 24 or 29 ppm selenium, respectively, in alfalfa hay pellets did not 
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al ter the estrus cycle length, estrus behaviour, progesterone or estrogen profi les, pregnancy 
rate or the outcome of parturition. 

Species within the genus are chemotaxonomically related so that those that synthesise 
aliphatic nitro compounds (nitro-bearing species); tend to occur within certain taxonomic 
sections (Williams and Barneby I 977a,b). The nitro compounds are stable and can be detected 
in leaves of herbarium specimens that are over 1 00 years old (Wil l iams, 1 981 ). Miserotoxin, 
has been reported as the highly poisonous constituent of A. miser (Stermitz et al., 1 969, 1 972) . 
Ruminal microorganisms rapidly hydrolyse miserotoxin releasing the toxic aglycone 3-
nitropropanol (Wil l iams et al., 1 970; Majak and Clark, 1 980). Clinical signs of intoxication 
observed under field conditions were similar to those produced by intra-ruminal injection or 
intervenous infusion of 3-nitropropanol (James et al., 1 980; Wil liams and James, 1 976). Acute 
poisoning in cattle or sheep was associated with severe respiratory distress, pelvic l imb 
weakness, recumbency and death. Knuckled metatarso-phalangeal joints and incoordination 
were manifested in chronic cases (Alston el al., 1 977). Low levels of metahemoglobin were 
produced when ntminants were poisoned by 3-nitropropanol or 3-nitropropanoic acid and its 
fonnation has been used as an indicator of the relative concentration of the nitrotoxin in the 
circulatory system (Wil l iams and James, 1 975). /11 vitro and in vivo metabolic sh1dies were 
carried out with bovine blood to detem1ine decay rates for 3-nitropropanol (Majak et al., 
1 981 ) .  Enhanced degradation of 3-nitropropanol (NPOH) by ntminal microorganisms has 
been studied (Maj k  et al., 1 986). Ruminal fluid from cattle on fresh pasture diets enhanced the 
in vitro metabolism of NO·2, but rates of NPOH disappearance were not affected. Enhancement 
of NPOH degradation was achieved with supplements ofnitroethane given intra-ruminally at 
6.5 or I 0mg/kg. The sal t  of nitroethane, given intra-ruminall y  at 20 mg/kg, resulted in the 
highest rate ofN POH degradation; this was similar to that reported for 3-nitropropionic acid 
which was much less toxic to ruminants than NPOH. 

3-Nitropropanol is more toxic than 3-nitropropanoic acid. The difference in toxicity was 
apparently related to the rate of its absorption from the gastro-intestinal tract of the animal .  As 
the plant matured, the concentration of the toxin decreased so that the plant was virtually non­
toxic at senescence (James et al., 1 980). The disease in cattle associated with chronic poisoning 
by the nitro-bearing group of As/raga/us has been cal led roaring disease, cracker heels, or 
knocking disease. The first signs of chronic intoxication in cattle are labored and rapid 
respiration (Wil l iams and James, 1 978). As the poisoning became more severe, the animal 's 
respiration was eventual ly characterised by a wheezing or roaring sound. Other signs of 
intoxication include general body weakness, beginning in the pelvic limbs, knuckling of the 
fetlocks, goose stepping, and knocking together of the h ind feet when walking. As the disease 
progresses, there may be drooping of the pelvic l imbs or even loss of control of this part of the 
body; the l imbs may be dragged when the animal moves. Some indication of temporary 
blindness has been observed. The animal may also drool sal iva, the coat may become rough, 
and constipation or diarrhea may be observed. Less severely affected cattle may recover slowly. 
Lactating cows were commonly more affected than non-lactating cows (Bruce, 1 927; Beath 
et al., 1 932; Wil l iams, 1 98 1  ). 

3-Nitropropionic acid, obtained from Astragalus species had vasodilator and antihyper­
tensive properties (Castil lo et al. , 1 993). 3-Nitro- l -propyl-13 -D-laminaribioside has been 
isolated from the aerial parts of A. miser var. serotinus (Benn and Majak, 1 989). Two new 
esters of glucose with 3-nitropropanoic  acid and 5-oxotetrahydrofuran-3-acetic acid, together 

---------------!:'1=:- � - - - -- - �-- - -- - • - - - -- - - -� 
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Constituents 
From the petroleum ether extract of A. eremophilus, collected from Egypt, 13-sitosterol and 
ceryl alcohol were isolated. Several flavonoids were identified from the plant viz. kaempferol, 
quercetin, luteolin, luteolin-7-0-glucoside, astragalin, apigenin 7-0-glucoside, quercetrin and 
rutin (Makboul et al. ,  1 984). 

2.3. Astmgalus hamo.ms L., Sp. Pl . ,  ed . I, 758 ( 1 753). 
syn. Astragalus brachyceras Ledeb., I ndex Sem, Hort. Dorpat. 1 822:3 ( 1 822). 

Halaq (Ar.) 

Annual low spreading-decumbent herb with few branches reaching up to 10 cm l ong. Leaves 
compound of 6-12 pairs widely-spaced (7-8 mm apart); leaflets obovate, about 7 mm long, 
with white appressed hairs on the lower surfaces. Inflorescences few-flowered, clustered on a 
long peduncle, 6-8 cm long. Flowers papilonaceous with hairy calyces. Fruit 3-4, l ight  brown, 
glabrous, upward curved legumes. 

Habitat and Distribution 

Widespread on shallow sandy soils throughout Qatar after the seasonal rains. 

Constituents 
The analysis of crude protein, crude fibre, tannin and oxalic acid concentrations of twenty­
one accessions of A. hamosus, collected from different origins (Spain, Iran, I taly and Algeria) 
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showed high variation in content: protein I 0. 7 to 14 .2 ° o; cmde fibre 1 1 .9-21 .0 ° o; tannin 3.5-
7.2 mg/g and oxalic acid 0. 1 5- 1 . 1 0  % (Davis, 1 982). 

A. hamosus, assayed 1 0. 1 1 mg ofNO/g in compounds that yielded 3-nitropropionic acid 
upon hydrolysis (Williams 1 980). The presence of nitro compounds in herbarium specimen 
(from Italy, Algeria and Iraq) showed an approximate concentration of2 to 4 mg NO/g of dry 
weight (Wil l iams, 1 981 a). 

A. ltamosus has been reported a· an excell ent sheep forage. The nitro content of the plant 
was so low that the plant would be only marginally toxic to l ivestock under range conditions. 
The effects on the l ivestock that graze Astraga/us with low levels of 3-nitropropionic acid 
over long periods are unknown (Wi l l iams and Davis, 1 982). However, water extracts of the 
leaves were toxic to chicks at the equivalence of 3 g of dried plant per chick and lethal at 6-8 
g (Will iams, 1 980). 

2.4. Astraga/11s siehieri DC., Prodr. , 2:295 ( 1 825). 

Low woody silvery grey woolly sub-. hrublet becoming stout and often spiny towards the end 
of its growth season. Leaves compound, imparipinnate, 6-8 cm long, of 1 2-22 pairs of l eaflets 
and a terminal spiny tip. Inflorescences axil lary, few-flowered racemes with yel l ow 
comparatively large papilinaceous flowers. Fmit broad sessi le± tough woody l egumes. 

Habitat and Distribution 

Occasional in water catchment area� m central Qatar. 

The plant is always heavily grazed. 

- -- -- -� - � - -- - - - - - - - --
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Habitat and Distribution 
Widespread but never forming pure stands or large communities. Common on sandy soils in south and 
south west Qatar, in Dukhan, Ras Ushairij and old Emirates route. 

Constituents 
The proximate analysis, amino acids and minerals of/. articulata, growing in Qatar, are shown 
in Tables 1 75, 1 76 and 1 78 (AI-Easa, 2002a,b,d). 

Smal l  amounts of nitro compounds ( 4-8 mg NO/g of plant) were detected in herbarium 
specimen of /. wgentea ( coll ected from Haiti in 1 926). I. tinctoria contains 2.8 mg NO/g 
plant (Will iams et al. , 1 98 I b ). 

A purified galactomannan from I. tinctoria grown in India, contained O-galactose (38.5 %) 
and O-mannose (58.5 %) in a molar ratio of I: 1.52 (Sen et al., 1986). Khan and Kapoor 
( 1999) reported that I. articulata seeds, could be utilized as suspending, dispersing and water 
holding agent in pharmaceutical and food industries. 

Coumarins and tlavonoids were the major active compounds in the organs, especial ly 
leaves, in /. tinctoria. They were accompanied by cardiac glycosides, saponins and tannins 
(Ozhuraev et al., 1 986). The rotenoid content of various tissues of I. tinctoria were studied as 
an al ternative source of these compounds. Total rotenoid content was highest (0.6 %) in the 
l eaves, fol lowed by the roots (0.51 %), seeds (0.4 %), pods (0.34 %) and stems (0.32 %). The 
rotenoids identified were tephrosin (567), dequelin, dehydrodequelin, rotenone (568) and 
sumatrol (569). Control of the cyclops Mesocyclops leuckarti with rotenoids was reported 
and discussed (Kamal and Mangla, 1987). 

MeO OMe 
OMe 

OMe OMe OMe 

567 Tephrosin 568 Rotenone 569 Sumatrol 

The purple urine observed from rats fed /. tinctoria was most probably due to the pigment 
indigo (Aylward et al., 1987). The alcohol ic  extract of the aerial part of/. tinctoria exhibited 
antihepatotoxic  effect (Anand et al., 1 979). 

I. articulata forage from Indonesia contained 0.3 mglg· 1 3-nitropropanoic acid (Alyward 
et al. , 1987). 

4. LOTUS L. 

The chemical composition, feeding value and digestibility of several Lotus species, and their 
evaluation as fodder plants, have been discussed by several authors (Rizk, 1 986). L. tenuis 
showed high levels of crude protein [average 21.1 % dry matter (OM) basis] that did not 
change significantly with maturi ty. Oige tibi l i ty of (OM) and organic matter reached mean 
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values of 72.0 and 66.5 '½, respectively, with a decl ine following a quadratic tendency (lowest 
value at approximately 120 days of growth), thereafter showing an increase toward the end of 
the growth cycle, in which the participation of regrowth acquired importance. Total cell wall 
content ranged 28-42 '¾, with no significant change in time, inspite of the increase found for 
the fraction that included leaves, flowers and fruits. Lignin content increased from 8 to 12 % 
through the growth cycle, in the plant as a whole and leaves, but not in the stems, where it did 
not change. L. tenuis appeared to be a highly nutritive forage legume, characterized by a 
lower increase in fiber content and a lower decrease in digestibil ity with the advance of maturity, 
in comparison with other forage legumes (Echeverria et al., 1986). A 3-year study on the 
stages of growth birds foot trefoil (L. comiculatus) at harvest showed that the dry matter yield 
increased signi ficantly, in the spring growth, with advance in maturity up to the midbloom 
stage. However, the highest annual yield was obtained, when the birds foot trefoil was harvested 
at the full bloom stage both in the spring and the summer growth. Maximum protein yield per 
unit of land was also obtained at the ful l  bloom stage. In the spring forage, the percentages of 
crude protein, cell content, cell wel l ,  l ignocellulose, l ignin, cel lulose, ash and P and in the 
summer forage, the percentages of cmde protein, l ignocellulose, cellulose, ash, and P decreased 
significantly with maturity (Gervais, 1988). 

Seventeen amino acids were identified in lotus seeds. The total content of amino acids in 
lotus seeds were 24.1  % (Zhao and Zhong, 1996). The study of free amino acids in the seeds 
of d i fferent lotus s pecies showed a h igh c oncentra t ion of canavanine ( 2-amino-4-
(guanidinooxy) butyric acid), y-glutamyltyrosine and y-glutamylphenylalanine. In some species 
(l. helleri and L. p111:�hia1111s), homoarginine (570) (N'-amidinolysine) was found (Rizk, 1 986). 

�
NH2 

HN
'v'

NH2 A:, 
II HO 0 
NH 

570 Homoarginine 

Lotus species have been found to contain relatively high concentrations of condensed 
tannins. The role of condensed tannins (CT) in the nutrional value of Lotus species (e.g l. 
corniculatus and l. ped1111culat11s) for mminants has been extensively studied (e.g Barry et 
al., l 986a,b; Barry and Manley, 1986; Waghom et al., 1987; Lee et al., 1995a; Wang et al., 
1996; Broderick and Albrecht, 1997). The tannins have been reported apparently to reduce the 
level of soluble proteins in ingested legume leaves below that requi red to induce bloat 
(Miltimore et al., 1970). Studies have establ ished that legumes that do not cause bloat, bird's­
foot trefoil (L. corniculatus) produced protein pricipitants, principally condensed tannins, in 
their leaves (Ross and Jones, 1974). H igh concentrations of condensed tannins (CT) in l. 
pedunculatus depressed the mean mataboli7ing energy intake in sheep due to depressions in 
both the voluntary intake and the digestion of organic matter (Barry and Duncan, 1984). Relative 
to non-containing fresh forage, condensed tannins in l. ped1111c11lat11s increased duodenal N 
flow and calculated absorption of amino acids from the small intestine, but depressed mminal 
digestion of soluble carbohydrate and hemicellulose (Barry 1984). McNabb et al. ( 1993) 
reported that CT reduced the proteolysis of forage protein and the degradation of S amino 
acids to inorganic sulfide in the rnmen, resulting in increased net absorption of methi on ine 
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and increased utilization ofcysline for d1y body synthetic reaction in sheep with a high capacity 
for wool growth. According lo Tanner et al. ( 1 994), the inhibito1y effect of CT may have been 
due lo CT binding to the dietary protein or lo the rumen proteases, interfering with the action 
of' proteases on susceptible sites within the substrate. The principle effect of CT in growing 
lambs grazing L. co/'llic11latu.,· was reported to increase wool growth without affecting volunla1y 
feed intake (Wang et al., 1 996). High temperature (30° C) stress induced the formation of 
additional condensed tannin in the leaves of big trefoi l  (l. 11/igi11os11s) (Lees et al., 1 994). 

The study of' the chemical structure of the proanthocyanidin polymers of L. co/'llic11lat11s 
showed that the polymer was partially glycosidatcd with a number average in the range of 
1 800-2 1 00 (six to seven flavoniod units). The products from phloroglucinol scission reaction 
indicated the extender flavan units to consist mostly ofcpicatechin (67 %) and epigallocatechin 
( 30 '½,), with minor amount of catcchin and epiafzelechin (571 ) units, which were l inked 
together predominantly by C-4/C-8 interflavonoid bonds. The polymer chains were terminated 
mostly by ca tech in ( 83 '¾,) and to a lesser extent, by epicatechin ( 1 6  '¼,) (Foo et al., 1 996) .  The 
polymers of the proanthocyanidins were shown to be highly hcterogenous with catechin, 
cpicatechin, gal locatechin and epigal locatechin, al l  being constituent components of both the 
extenders as well as the terminating units (Foo et al., 1 997). p-Coumaric, vani l l ic and p­
hydroxybenzoic acids were identi fied from L. creticus (Saenz Rodriguez et al. , 1 990). The 
structures of the condensed tannins of three fodder lotus species vi=. L. cornic11lat11s, L. 
ped11c11c11lat11s and L. te1111(/oli11s were described by Foo et al. ( 1 982). 

HO

'fl(
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j 

Q-oH 

� -'OH 
OH 

571 Epifzelechin 

l. corniculatus yielded several tlavonoids identified as: gossypetin-3-galactoside, 
gossypetin-7-methylether-3-galactoside (previously identified as quecetagetin-3-galactoside 
and its 7-methylether), 5, 7,3 ',4'-tetrahydroxy-8-methoxylflavonol ( comiculatusin-3-O-J3-D­
galactoside, 572) quercetin, kaempferol, isorhamnetin, fisetin (5-deoxyquercetin, 573), 5-
deoxyisorhamnetin, (474), 5-deoxykaempferol (575), saxangularetin, (8-methoxykaempferol, 
576), l imocitrin (8-methoxyisorhamnetin, 577) (Rizk, 1 986), kaempferol-3-glucosyl-7-
rhamnoside, kaempferol-3,7-dihramnoside, kaempferol-7-glucoside, qucrcetin-7-rhamnoside, 
quercetin-3-glucosyl-7-rhanmoside and quercetin-3, 7-dihrhanmosidc (Walcwska and Strzlecka, 
1 984). The herb, foliage, fl owers, and seeds of L. co/'1/iculatus contained 0.99, 1 .90, 1 .93 and 
0.42 % flavonoids, respectively (Walewska and Strzelecka, 1984). Four tlavonoids were isolated 
from l. gli11oidl:'s: kaempferol, quercctin, quercctin-3-O-galactoside and apigcnin-7-O­
glucoside (Radwan, 2000). The tlavonoid compounds of L. tenuis were identified by Strittmatter 
et al. ( 1 992) as kaempfcrol, kaempferol-3-O-glucoside and kaempferol-3-O-glucosyl -7-O­
rhamnosidc. The study of the flavonoids in the pasture legume L. tenuis (birds foot trefoil) in 
connection with d ifferent developmental stages revealed the presence of kacmpferol and 
kaempfcrol-3-O-glucosyl-7-O-rhamnosidc during the whole l ife cycle of the plant and in the 
different organs, whereas kaempferol-3-O-glucoside could only be detected during the 
reproductive stage. The seeds of L. te1111is had a high concentration of free quercetin and its 
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glycosides. No llavonoids were found in the roots (Wagner el al., 1 996). Naringenin, 
kaempfcrol, quercetin, three quereetin glycosides asnd catechin were detected in the seed 
exudate of L. ped1111c11laris. Root exudates contained catechin, naringenin and quercetin in 
addit ion to apigenin, kaempferol and other llavones and flavonones (Steele el al. ,  1 999). 
Flavonoids accumulated faster than carotenoids prior to an thesis in l. comic11/at11.1·. The 
flavonoid content exceeded that of carotcnoids by 5- fold in fully opened fl owers. During 
fl oral development kaempferol decreased, wheras its 8-0-methyl derivat ive remained 
unchanged; the 8-01-1 derivative, was not found. In contrast, quercetin, 8-methoxyquercetin, 
and 8-hydroxquercetin increased during most of the development cycle (Jay, 1 986). 

HO 

HO 

OH 0 
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OH HO 

OH HO 

OH 
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573 Fisetin 

OH HO 
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576 577 Limoc,tnn 

The anthocyanin awobanin (delphinidin-3-(0-p-coumaroylglucoside)-5-glucoside was 
isolated from L. comiculatus. Several isoflavan phytoalexins have been identified from lotus 
species inoculated with fungi e.g. sativan (sativin, 578), demethylvesti tol (579), vestitol (580), 
5-methoxyvestitotol (581 )  and lotisoflavan (582) from l. a11g11sliss1111111s, l. carbo1111111, l. 
corniculalus, l. hispidus and l. 11ligi11os11s (Rizk, 1 986). Rhizolotine (583), an opine-like 
metabolite was isolated from root nodules of l. tenuis isnocul ted with Rhizobi11111 Ioli (Shaw 
el al. , 1 986). 

578 Sativan (= Sat,vin); R1 = H, R2 = R3 = Me 
579 Demethylvestitol; R1 = R2 = R3 = H 
580 Veslltol; R 1 = R2 = H, R3 = Me 
581 5-Methoxyveslitol; R1 = OMe, R2 = H, R3 = Me 

MeO 

582 Lotisoflavan 

,o-0\:( 

OHOH 

583 Rhizolotine 

l. corniculatus con tained prol inebetaine, glycinebetaine, pipecolatebetaine and hydroxy­
prol inebetaine (Wood et al. , 1 99 1  ). 

Several studies have been reported on the fucose binding proteins of l. tetrago11alob11s 
(e.g. Leu et al., 1 985; Kamada et al., 1 987; Sehested and Skovsgaard, 1 988). These are 
glycoproteins, whose rmtior components had apparent relative molecular masses of > I 00,000. 
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Cyanogenesis has been recorded in  many lot11s pecies ( e.g. l. a11stralis, l.  comic11lat11s, 
l. k,ylorii and l. omithopodioides) (Ramani and Jones, 1 984; Ramani et al. , 1 986; Rizk, 
1 986; Aikman et al., 1 996). 

Oleanolic acid and a saponin, which upon hydrolysis, yielded soyasapogenol B, were 
isolated from l. comic11lat11s (Rizk, 1 986). 

Four aliphatic nitro esters were isolated from foliage and roots of l. ped1111c11lat11s: hiptagin 
[ 1 ,2,4,6-tetra-(3-ni tropropanoyl)-13 -D-gl ucopyranose], karakin (584) [ l ,4,6-tri-(3-n itro­
propanoyl)-13-D-glucopyranose ], coronarian (585) [2,6-di-(3-nitropraponoyl)-13-D-glucopy­
ranose] and cibarian (586) [ l ,6-di-(3-nitropropanoyl)-13 -D-glucopyranose] (Gnanasunderam 
and Sutherland, 1 986). 

R40

�O\ 
�OR1 

OH OR2 

584 Karakin; R1 = Jl-CH3CH2CH2CH2NO2, R2 = R3 = R4 = H 
585 Coronarian, R 1 = nH, R2 = R4 = NPA, R3 = H 
586 Cibarian, R1 = P·NPA, R 4 = NPA, R2 = R3 =H 

NPA = 
0 

�N02 

The presence ofalkaloids in certain lot11s species has been reported. Lupanine was identified 
as the main alkaloid of L. aegeus (Rizk, 1 986). 

4.1 . lotus garci11ii DC., Prodr. 2:2 1 2  ( 1 825). 

Garn al Ghazal (Ar.) 

Woody perennial undershrub. Inflorescences soli tary with sessile mauve flowers. 

Habitat and Distribution 

A rare plant in Qatar reported by Batanouny ( 1 98 1 )  as growing on maritime calcareous sand at Ras 

Ushairij .  

Constituents 
The proximate analysis, fatty acids and minerals of L. garci11ii, growing in Qatar, are shown in 
tables 1 75, 177 and 1 78 (AI-Easa, 2002a,c,d). 

L. garcinii, growing in Pakistan, contained garcintin [3-O-(3"-O-a-L-rhamnopyranosyl)­
a-L-rhamnopyranosyl kaempferol], isophytol, hexadecanoic acid, cholesterol, oleanolic acid. 
betulinic acid and lupeol (Ali et al., 2000). 

Phytochcmical screening of L. garcinii, growing in Qatar, revealed the presence of alkaloids, 
coumarins, tlavonoids, sterols (and/or terpenes) and tannins (Rizk et al., 1 986a). 

- - - - - - - --- --
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4.2. lotus lwlophilus Boiss. and Spruncr in Boiss., Diagn. Pl. Orient., scr. 1 ,2 :3  7 ( 1 843 ). 
syn. L. vil!o.1·11s l·orssk. Fl . Acgypt.-Arnb. LXXI ( 1 775), non Burm. Fag.Fl. Cap. Proch·. 23 ( 1 768). 

L .  p11sil/11� Viv. ; Fl. Libyc. Spec. 47 ( 1 824), non Medicus, Bot. Bocb. 1 783 :226 ( 1 784). 

Garn al Ghazal (Ar.) 

Prostrate annual herb with numerous slender radiating branches. Leaves alternate imparipinnatc 
of5 lcallcts, the terminal leaflet larger, whole leaf about I cm long. In florescences axil lary of 
few llowcrs. Flowers about 0.5 cm long, yellow; calyx persistent in  fruit. Fruit l inear, sl ightly 
fulcatc brown pods, about 2 cm long. 

Habitat and Distribution 

Widespread on sandy soils after the first rains all over Qatar. 

Constistucnts 
The fatty acids analysis and minerals of L. halophilus, growing in Qatar, arc shown in tables 
1 77 and 1 78 (AI-Easa, 2002a,d). 

Phytochcmical screening of L. halophilus, growing in Qatar, revealed the presence of 
alkaloids, coumarins, flavonoids, sterols (and/or terpenes) and tannins (Rizk et  al., 1 986a). 

5. MEDICAGO L. 

Medicago species, and in  particular M. sativa (alfalfa), arc well-known forage plants. Other 
than M. saliva (discussed later in detail), the nutritive value of some other species has been 
reported e.g. M. arborea (Martin et al., 2000), M. dendiculata, M.falcata (yellow alfalfa), M. 
f<1ci11ata, (Rizk, 1 986), M. lup/ina (Vitkus et al., 1 985), M. suaeveolens (Zheng and Huang, 
1 994) and several others. The crude protein content of the pods of several Medicago species 
ranged from 1 3. 1 1  to 24.75 % and that of the seeds from 27.65 % to 49.96 %. The seeds of 
Medicago species were reported poor in CaO and rich in P205• A guanidinooxy compound, 
similar in i ts colour reactions to canvaninc, has been detected in M. arborea (Rizk, 1 986). 

Betaines were characterized in Medicago species. Salt resistance of apical meristems in  
wild and cultured leucerne species decreased in the order of M. maina, M. varia, M. coerulea, 
M. littoralis, M. difalcata, M. trautvetteri. Maximum accumulation of betaincs in the salt­
resistant wi ld M. marina was observed at 0.8 % NaCl in the medium, whereas that in moderately 
resistant M. varia was at 0 .5 % and that in non-resistant M. trauvetteri was at 0.3 % NaCl 
(Baburina and Shcvyakova, 1 987). 

The seeds of M. luplina contained a galactomannan, the structure features of which did 
not deviate from the commonly accepted galactomannan structure (Rizk, 1 986). 

The occurrence of saponins in several Medicago. species and their aglycons were surveyed 
i n  the seeds of 33 species of Medicago. The aglycons identified in these species were 
medicagenic acid (587), zahnic acid, oleanolic acid, hcdcragcnin (588) and soyasapogcnols B 
(589), E (590), X and Y (Jurzysta et al., 1 992). Mcdicagcnic acid glycosidcs were also detected 
in the leaf tissue of several Medicago species (Jurzysta et al., 1 988). Of the 1 4  investigated 
species by ll ieva ( 1 995); the lowest saponins content was found in M. coerulea and M. saliva 
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and the highest in Iv/. q11a.1·(/'alcata and !l'I. Jctlcata. The saponins isolated from tops, bl ossoms 
and roots or Iv/. /11p/i11a (black medic terfoi l) gave on hydrolysis the fol lowing aglycons: 
soyasapogenols 8, C (59 1 ), D (592 ), E, N (593) and An (594), medi cagenic acid and 
hederagenin (Gorski et al. ,  I 984a,b; .lurzysta et al. ,  1 987; Oleszek et al., 1 987). Among 500 
individual ly ana lysed plants of Iv/. l11pli11a, the saponin contents ranged from 0.07-0.5 '½, in the 
leaf sap (Gorski et al., I 984e). 

HO 

HO 

587 Medicagenic acid 588 Hedragenin 589 Soyasapogenol B 
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590 Soyasapogenol E 591 Soyasapogenol C 592 Soyasapogenol D 
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593 Soyasapogenol N; R1 R2 = 0 
594 Soyasapogenol An; R1 = H, R2 = OH 

Coumestrol (595), an estrogenic compound which occurs in alfalfa, was also detected in 
other species e.g. Iv/. littoralis. Several flavonoids and other phenoli c  compounds were identified 
from Medicago species. Twenty-two flavonoids were isolated from the seeds of M. varia, 
including the 5-methoxy flavonoids: lu teol in-5 -methylether, l uteol in-5,3 '-dimethylether, 
azaleatin-3-galactoside and quercitin-5,3'-dimethylether-3-glucoside (Rizk, 1986). Compounds, 
tentatively identified as kaempferol, quercetin, myricetin (596) and laricitrin (596) were present 
in the hydrolyzates ofM. arborea, M. cretacea, M. hybrida, M. l11p/i11a and Iv/. rodiata (Jurzysta 
et al., 1 988). Seven main flavonoids ( luteol i n, luteolin-7-glucoside, 7,3',4'-trihydroxylavone, 
7 ,3 ',4 '-trihydroxyflavone-7-glucoside, 7,4 '-dihydroxyflavone, quercetin-3-glucoside, and 
kaempfcrol-3-glucoside) were identified in the seed coats of M. arhorea and M. strassevi 
(Perez-Garcia et al. , 1 992). The major flavoniods of M. hu11111/11s were quercetin and rntin 
(Prostodusheva et al. , 1998). 
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Bauchrowitz et al. ( 1 992) described the cloning and characterization of 2 lectin genes 
from M. trcmcatula. 

The study of the carotenoids in petals of 22 Medicago species, re\ ealed that no major 
carotenoid was species or group- specific; a few minor pigments, however, were group or 
species-specific. The amount of carotenoids ranged from 7 µg, g dry matter in violet-flowered 
M. saliva to 2, 1 20 �tg g in brownish-yellow M. platyca,7Jos. Xanthophyl ls constituted 711-99 % 
of the total with lutein as the major component. �-Carotene, lutein and tlavoxanthin were 
ubiqui tous in petals (Rizk, 1 986). 

Screening of more than sixty species of annual and perennial Medicago species in Canada, 
as well as of thirty-five species in Australia, revealed that none of the tested species produced 
tannins in the leaves. On the other hand, all the tested species produced high levels of condensed 
tannins in the seed coat (Rizk, 1 986). 

5.1.  Me,licago laci11iata (L.) Mill .  Gard. Diet., ed. 8, no.5 ( 1 768). 
syn. Medicago po�v1110111/w L. var. laci11iata L., Sp. Pl . ,  ed. I ,  78 1 ( 1 753); M. laci11iata (L.) All ., Pl .  

Pcdcm. I :3 1 6  ( 1 785) . 

.lat Barri, Nafal (Ar.) 

Annual herb up to 6 cm high with spreading branches 5.5 cm across. Leaves trifoliate, minute. 
Leaflets never exceeding 0.5 cm length. Inflorescences few-flowered racemes of yellow flowers. 
Fruit a coiled legume, 5-seeded, 1 .5 cm across; valves of pod with hooked spines. 

Two varieties were recorded for Qatar: var. laciniata and var. brachyacantha Boiss. [syn. 
Medicago ascherso11ia11a Urb., Verh. Bot. Vereins. Prov. Brademb. 1 5 :77 ( 1 873)]. 

Habitat and Distribution 

Widespread on sandy soils all over Qatar usual ly in shal low depressions and on sandy mounds 
appearing alter the initial seasonal rains. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of M. laciniata, growing in 
Qatar, are shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d). 

M. laciniata was early reported to contain water 27.5 %; lipids, 1 .75 %; albuminoids 6.6 
%; fiber 5.97 %; carbohydrates 55 .28 % and ash 2.94 % (Rizk, 1 986). 

Soyasopogenols B and E were identified in the saponin hydrolysate ofM. laciniata (Jurzysta 
(!( al., 1 992). 

Luteolin 7-glueuronide, and di- and possibly triglycosides were detected in M. laciniata 
(Saleh et al., 1 982). Moreover, the phytochemical screening of the plant, growing in Qatar, 
revealed the presence of alkaloids, saponins, and sterols (and/or terpenes) (Rizk, 1 986). 
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at I 00 g/kg prevented heating and dicoumarol fom1ation in hay rewetted to 400 g/kg moisture, 
but HT at 3 and IO g/kg did not have any effect (Sanderson et al., 1 986). Anhydrous NH3, at 
IO or 30 g/kg prevented dicoumarol formation in sweet clover. Accordingly, Sanderson et al. 
( 1 985) reported that the anhydrous NH3 appeared to be a promising preservative for preventing 
the occurrence of dicournarol in sweet clover hay and thereby prevented the sweet clover 
bleeding disease in l ivestock. 

o-Cournaric and coumarinic acids (the trans- and cis-isorners, respectivi l y  of o­
hydroxycinnamic acid (642)) were closely present in the glycosidic fonn in sweet clover 
tissue. M. siculus was found to contain cournarin, fraxiden, hemiarin, scopolctin, urnbellifcrone 
and two fraxidin glycosides (Rizk, 1 986). 

A number offlavonoids have been identified in Melilotus species viz. robinin (643) from 
the flowers of M. altissumus, M. arve11sis and M. leuca11thus, quercetin, kaempferol and 
quercetin-3-galactoside from M. siculus (Rizk, 1 986). The leaves and flowers ofM. offici11alis 
contained kaempferol (Kang et al., 1 987a), robinin and kaempfcrol-3 -O-[galacto-3-gluco-3-
arabino-3-rhamnoside] (Sutiashvi l i  and Alaniya, 1 999] . The phytoalexin rnedicarpin was 
isolated from the infected leaves of Melilotus species (Rizk, 1 986). 

� 
O�OH V 

rhamnosyl-O OH 

O-rhamnogalactosyl 
OH 0 

642 o-Hydroxycinnamic acid 
643 Robinin 

M. o.ffici11alis contained the fol lowing phenolic acids: o-cournaric, p-coumaric, fcrulic, 
meli lotic, sinapic, salicylic, p-hydroxybenzoic, p-hydroxyphenylacetic, vani l l ic, gentisic, 
protocatechuic, syringic, gal lic and caffeic acids (Dombrowicz et al., 1 99 1  ). 

Monoterpenes (Woerner and Schreier, 1 990), oleanic tri terpenes (Nicoll ier and Thompson, 
1 983; Kang et al., 1 987a,b, 1 988; Kang and Woo, 1 988) and steroids (Bohannon et al., 1 974; 
Balbaa et al., 1 977; Khodakov et al., 1 994, 1 996) were isolated from Meli lotus species. 

M. o_fficinalis contained saponins e.g. azukisaponin V (644) (Kang et al., 1 987b ), rneli lotus­
saponin O 1 [3-O-a-L-rharnnopyranosyl-( I �2)-a-L-arabinopyranosyl-( I �3 )-13-D-galacto­
pyranosyl-(1 �2)-13-D-glucopyranosyl) soyasapogenol BJ (Udeyama, 1 998) and meli lotus­
saponin O" (645) [3 -O-a -L-rhamnopyranosyl-( I �2)-13 -D-xylopyranosyl-( I �2)-13 -D­
glucopyranosyl mclilotigenin] (Hirakawa et al. , 2000). Soyasapogenols B and E were identified 
in the acid hydrolysis fraction of M. ofjicinalis (Kang et al., 1 987a). The sapogenin meli lotigenin 
(646) was isolated from the l eaves and flowers of M. ofjicinalis (Kang  and Woo, 1 988). 

The aerial parts of M. 111essa11esis (sweet clover) contained the fol lowing triterpenes: 
melilotigenin (646), meli lotigenins 8-D (647-649), soyasapogenols B, G and E, lupeol, betulin, 
betulinaldehyde (650), betul inic acid, betulonic acid (652), messagenin (653, a nor-lupane) 
gammacer- 1 6-ene-3-one (651 ), messagenolide, messagenic acids A-I (654-661 ), platanic acid 
(662), 3J3,28,30-lup-20(29)-enetriol (663), 3-oxoplatanic acid (664), and 3,29-dioxolup-20(30)­
en-28-oic acid (665) (Macias et al., 1 994- 1 998). 
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646 Mel1lotigenin; R 1 = OH[l, Hu, R2 = 0, R3 = COOH 
647 Melilotigenin B; R 1 = R2 = 0, R3 = Me 
648 Melilotigenin C; R 1 = 0, R2 = OH[l, Hex, R3 = Me 
649 Melilotigenin D; R 1 = R2 = 0, R3 = COOH 650 Betulinaldehyde 

651 Gammacer-1 6-en-3-one 

3� _,/'
29 

1 20 \ 

COOH 28 

148 Betulic acid (=Betulinic Acid); R 1 = CH3, R2 = OH[l, Hex 
652 Betulonic acid; R 1 = CH3, R2 = 0 
657 Messagenic acid D; R 1 = CH20H, R2 = OH[l, Hex 
658 Messagenic acid F; R 1 = CHO, R2 = OHJl, Hu 
659 Messagenic acid G; R 1 = CH20H, R2 = 0 
665 3,29-Dioxolup-20(30)-en-28-oic acid; R 1 = CHO, R2 = 0 

653 Messagenin 

21 1 

- - - - � - �- -
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HO 

LO 654 Messagenic acid A; R 1 = 0 - h ; R2 = COOH, R3 = H, R4 = CH2 

aOH 

655 Messagen,c acid B; R 1 = oy "v" ; R2 = COOH, R3 = H, R4 = CH2 

656 Messagenic acid C; R 1 = H, R2 = COOH, R3 = H, R4 = CHO, H 
662 Platanic acid; R 1 = H, R2 = COOH, R3 = H, R4 = 0 
663 3jl,28,30-Lup-20(29)-enelriol; R1 = H, R2 = CH2OH, R3 = OH, R4 = CH2 

R,
'-../ --. 

660 Messagenic acid H; R 1 = OH, R2 = 0 
661 Messagenic acid I ; R 1 = OH, R2 = OHjl, Hu 
664 3-Oxoplatanic acid ; R 1 = H, R2 = 0 

Diosgenin (666) and 25a-spirosta-3,5-diene were detected in the roots, stems, leaves and 
pericarp of M. siculus (Bal baa et al., 1 977). Diosgenin was also identified in M. messanensis 
(Bohannon et al., 1 974). Five steroids were isolated from M. messa11e11sis viz. �-sitosterol, 
ergosterol peroxide (667), 7a-hydroxysitosterol (668), 7� -hydroxysitosterol (669) and 7-
oxositosterol (670) (Macias et al., 1 997). Triterpenes and steroids isolated for M. messa11e11sis 
possessed potential allelopathic activity (Macias et al., 1 994- 1 998). 

Trillin, dioscin and four steroid saponins were isolated from the seeds of M. tauricus 
(Khodakov et al. ,  1 994, 1 996). 

The effects of NaCl salinity and plant age on allocation of biomass and mineral elements 
in M. segetalis (annual sweet clover) were studied by Romero and Maranon ( 1 996). Salt­
stressed plants were smaller and invested proportionately more biomass in the leaves, N was 
accumulated in the roots of young plants and excluded from the leaves and the fruits, where K 
was depleted from the roots and accumulated in the leaves and the fruits. Immobile Ca 
accumulated in the leaves with age. Phloem-mobile P and N were translocated to the flowers 
and the fruits. Fe, Cu, and Zn were diluted in the leaves and not affected by salt, whereas Mn 
concentration increased with age and salinity. Salinity induced a re-allocation of the biomass 
and mineral elements in all the plant organs except the reproductive structures. 

� - - ----- ' --- --- ·a-- - -- - - - - - - -
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Beside the use of Melilot11s species as a valuable fodder, certain species has been used in 
folk medicine. M. o_fficinalis (common melilot) was employed as an analgesic in neuralgia, in 
bronchial disorders, as an antispamodic, stimulant, slight astringent and in cigarettes for asthma. 
It was also applied to wounds and glandular swel lings in the fonn of plasters or poul tices. In 
addition, its decoction was prescribed as a stomachic while its infusion was employed as an 
antiopthalmic (Abou-Donia, 1 976). 

Pediatric anti-inflammatory ointment and skin cosmetic moisturizer preparations contained 
M. o_fficinalis extracts (Tanase et al. ,  1 986; Shinomiya, 1 99 1  ). An extract of M. officinalis 
flowers and leaves (containing 0.2 % coumarin) decreased both spontaneous and bradykinin­
induced contraction of the smooth muscle of isolated bovine mcscntric lymphatics (Ohhashi 
et al . ,  1 986). The immunostimulant, an tiacmicm and adaptogenic ac tivities of the 
polysaccharides of M. o_fficinalis were evaluated (Podkolzin et al., 1 996). 

6.1. Melilotus a/bus Medik., Vories, Churpfiils. Phys.-Ocon. Gcs. 2: 382 ( 1 787). 
syn. Melilotus argutus Rchb., Fl. Germ. Excurs. 499 ( 1 832). 

1-Iandagog (Ar.) 

Similar to M. indicus but with white flowers and paler green pods with very faint veins on the 
valves. The plant has also similar habitat and distribution as above. 

Habitat and Distribution 
Widespread as a garden and farm weed during the rainy season only. Common on rodats during the 
rams. 
Less common than above though with similar habitat and distribution. 
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Constituents 
M. alba, white sweet clover, is a widely distributed plant in the United States, and a source of 
feed for animals, a cover crop and a source of nectar for the honey bee (Nicollier and Thompson, 
1 983). M. alba was reported as rich in protein (Ripa and Geidan , 1 964). Proteins, free amino 
acids and peptides in the vegetative organs of M. alba were reported as follows: non-protein 
compounds (extracted with ether and acetone) 8. 1 7- 1 4.29 %, albumin 4.08-6.69 %, globulins 
1 . 78-2.45 %, total soluble N 1 4.70-22.76 %, glutelins extracted with 0.2 % NaOH 26.79-
33.47 % and glutelins extracted with 2 % NaOH 42.68-44.08 % (based on total N) (Ripa, 
1 966). Inoculation of M. a/bus with nodule bacteria increased the total plant amino acids 
content by 1 . 5-2 fold, protein content 3 % and dry mass yield by 2 4.6-27. 6 % (Makarcnko and 
Deineko, 1 986). 

Coumarin, a-cumaric acid and mclilotic acid were the major active omponds in white 
weet clover (M. alba) (Nicollicr et al., 1 985). Other related compounds were detected viz. 7-

hydroxycoumarin 6-glucoside, a-hydroxycinnamic acid trans 2-hydroxycinnamic acid and 
4-hydroxycinnamic acid. The changes occurring in the glucosidc of a-hydroxycinnamic acid 
in M. alba leaves during ontogencsis of the plant was reported (Rizk 1 986). The coumarin 
content of M. alba was equal to 0.34 % (Orlov, 1 988). 

Sweet clover (M. alba) allowed to cure under damp conditions often supported the growth 
of fungi. As these fungi undergo metabolic operations the plant material became spoiled and 
appeared mouldy and dark in colour. At the same time the fungi utilized a substrate from the 
sweet clover to produce dicoumarol, which is an ani tcoagulant, and thus cattle feeding on 
spoiled sw eet clover developed a hemorrhagic  disease (Rizk, 1 986). Poisoning in stock due to 
white sweet clover (M. alba) has been reported. Several affected animals may die from 
hemorrhage, precedent to which there may be swellings all over the body due to cxtravasation 
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of the blood. The first indication of trouble may be bleeding from the nose. The affected 
animals may be recognized by the odour of dicoumarol emanating it. There was no evidence 
that green sweet clover is injurious to stock, or that bright, clean properly cured sweet clover 
was toxic (Watt and Breyer-Brandwijk, 1 962; Abou-YousseC 1 979; Rizk, 1 986). 

M. alba contained the following flavonoids: robinoside, orientin (67 1 ), isoorientin (672), 
6,8-Di-C-pentosylapigenin and probably quercetin 3-rhamnoglucoside (Rizk, 1 986). 

The leaves and flowers of M. alba contained a prenylated navanone identified as 2,3-
dihydro-5-dihydroxy-2-[3',4'-dimethoxy-5'-(3-methl-2-butenylphenyl]-41-1-benzopyran-4-one 
(673) (Souleles, 1 992). 

OH OH 
OMe 

HO HO
ef

O � /J OH 

:::,... I I 
glu 

HO 

O H  0 

671 Orientin 672 lsoorientin 673 

AI-Hazimi and Al-Andis (2000) isolated the fol lowing pterocarpans from the leaves of M 
alba, growing in Saudi Arabia: 3-hydroxy-8,9-dimethoxypterocarpan, medicarpin and 3,8-
dihydroxy-9-methoxypterocarpan. 

Inoculation of detached leaflets with BoflJ,tis cinerea resulted in the production of the 
following phytoalex ins : medicarpin, ves titol, demethylmedicarpin (674) ,  6a­
hydroxymedicarpin (675), 6a-hydroxyisomedicarpin (676), 4-hydroxydemethylmedicarpin 
(677), 4-hydroxymedicarpin (678) and 4-hydroxyhomopterocarpin (679) (Rizk, 1 986). 

HO

'OC2o
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v i 
:::,... '<::: 

o I '° 
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674 Demethylmedicarpin 

MeO HO 

O H  OMe 

675 6a-Hydroxyisomedicarpin 676 6a-Hydroxymedicarpin 

677 4-Hydroxydemethylmedicarpin; A 1 = R2 = R3 = OH 

678 4-Hydroxymedicarpin; A 1 = R2 = OH , R3 = OMe 
679 4-Hydroxyhomopterocarpin ; A 1 = R3 = OMe. R2 = OH 

A triterpenoid saponin, melilotin (680), 2J3-[L-rhamnopyranosyl-( 1 �4)-J3 -D­
glucopyransoyloxy-( I �2)]-3-J3-L-rhamnopyranosyl-( I �4)-13-D-glucopyranosyloxy-( I �3)]-
28-trihydroxyolean-I 2-ene, has been isolated from the flowers of M. alba (Nicollier and 
Thompson, 1 983). Melilotoside D (68 1 )  (soyasapogenol B glycoside) was isolated from the 
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roots ofM. alba (Shashkov et al., 1 994). Four more saponins of the olcananc series (glycosylatcd 
soyasapogcnol B compounds) and nonglycosylated soyasapogenol B were also isolated from 
the roots or M. alba (Khodakov et al., 1 996). 

680 Melilotin; R3 = H, R 1 ,R� =rhamnose(1 - 4)glucose 

OH 

RO 

681 Melilotoside D;R = {[rt-L-rhamnopyranosyl-(1  -2)]-[«·L· 
arabinopyranosyl-(-3)]-Jl-D-galactopyranosyl-(1 - 2))­
a-Larabinopyranosyl) 

M alba has been early reported to contain a cyanogcnic glycoside. A dccoction of M. alba 
or M. macrorhi=l1 was employed a a popular refreshing drink (Abou-Donia, 1 976). The plant 
was also reported to contain alkaloids (Viladomat et al., 1 986). 

6.2. Melilottts ill(/iCIIS (L.) All . .  F l .  Pcdcm. I :308 ( 1 785). 
syn Tr1/oli11111 111d1c11111 L. Sp. Pl., ed. I, 765 ( 1 753) . .  765 ( 1 753). Melilotus parvijlora Desf., Fl. 

Atant. 2 : 1 92 ( 1 799). M. honplandii Ten., Index Sem. Hort Neapol. 1 833 : 1 4  ( 1 833). M 
tommasnit Jord. Mcm Acad. Roy. Sc 1. Lyon, Sect Sc1. , �er.2, I ·266 ( 1 85 1  ). 

Handagog, 1-landaquq (Ar.); Yellow mell i lot (En.) 

- - -
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Erect slender annual herb. Leaves compound, trifoliolate, about 3 cm long, margin serrate. 
Inflorescences densely flowered racemes; fl owers minute, yellow. Fruit an oblong-round pod 
with distinct veins on the valves. 

Habit:1t and Distribution 

Widespread as a garden and farm weed during the rainy season only. Common on rodats during the 
rams. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of M. i11dic11s, growing in Qatar, 
are shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d). 

The plant is a valuable stock feed, both free and dry, although it has on occasion been 
considered by farmers to taint both flesh and milk. In Europe, the plant has been under suspicion 
of being poisonous (Watt and Breycr-Brandwijk, 1 962). 

M. i11dicus contained coumarin, hemiarin, umbelliferone, scopoletin, choline, �-sitosterol, 
a tritcrpene alchohol and an aromatic compound (C 1xH21,Or) (Rizk, 1 986). 

A D-galacto-D-mannan, with D-galactose to D-mannose ratio I :  1 . 1 4  was isolated from 
the seeds of M. i11dica. A highly branched structure having a mannan backbone composed of 
36 % of ( l�4) and 1 0  % of ( l �2) linked � -D-mannopyranosyl un its was proposed for the 
galacomannan (Gupta and Bose, 1 986). 

M. indica has been found to contain the following C-tlavonoid glucosides: orientin, 
isoorientin, vitexin (682) and isovetxin (683) (El-Sayed et al., 1 997). The stems and seeds of 
M. indica yielded 8,9-methylenedioxypterocarpan 3-O-a-L-rhamnopyranoside (684) (Saxena 
and Nigam 1 997a) and I ,9-dihydroxy-2-(3-methylbut-2-enyl)-3-methoxypterocarpan (685) 
(Saxena and Nigam, 1 997b), respectively. The pterocarpanoids, isolated from the stems and 
seeds have been found to possess antifungal activity (Saxena and Nigam, 1 996). 
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M. i11dica has been used as an emollient and as a fomentation, poultice or plaster on swelling. 
I ts decoction was early advised by Arabs for urinary bladder pains and also as a diuretic, 
canninative, emmenagogue, for epilepsy and scorbion bite (Abou-Donia, 1 976). In India, the 
plant is used for curing bronchitis, leprosy, "vata", vomiting and piles. The seeds are used as 
anthelmintic, antipyretic, for curing heart diseases and infantile diarrhoea (Chopra et al., 1956). 
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7. ONONJS L. 

Several alkylisoeoumarins (e.g. 686-689), 5-alkylresorcinols (e.g. 690-697) and alkylbenzoic 
acid derivatives ( e.g. 698,699) were isolated from 011011is species viz. 0. ,u,trix subsp. hispa11ica 
(Barrero et al., 1 990), 0. 11atrix subsp. 11atrL\" (San Feliciano et al., 1 983), 0. 11atrix subsp. 
ra111osissi111a (Barrero et al., 1 997), 0. pubesce11s (Barrero et al., 1 994b ), 0. spi11osa (Barrero 
et al. , 1 989) and and 0. viscosa (Barrero et al. , 1 99 1  ). Canedo et al. ( 1 997) iden tified several 
5-tridecylresorcinol derivatives (700-71 0) from 0. 11atrix. 

R2 0 

686 R1 = R2 = OH, Ra = H. R4 Rs = 0 
687 R1 = R2 = R4 = OH, Ra = Rs = H 
688 R1 = R2 = OH, Ra = Rs = H,R4 = OMe 
689 R1 = R2 = Ra = OH, R4 = Rs = H 

R, 

R, 

Ra 

690 R1 = OH. R2 = OAc, Ra = R4 = H 
691 R1 = R2 = R4 = OH, Ra = H 
692 R1 = R4 = OH. R2 = OAc, Ra = H 
693 R, = R2 = Ra = OH, R• = H 
694 R1 = Ra = OH. R2 = OAc, R4 = H 
695 R1 = R4 = OH, R2 = Ra = H 
696 R1 = OH. R2 = Ra = H, R4 = OMe 
697 R1 = Ra = OMe, R2 = R4 = H 

HO
� 

�
COOH 

OMe 

MeO 
OH 

OH OH 
698 699 2-Hydroxy-4-methoxy-6-(13-hydroxy-2-oxotridecyl) benzoic acid 

R1O 

700 1-0-Methyl-5-{2-acetoxytridecyl)resorcinol; R1 = Me, R2 = H, Ra = Ac, R4 = H 
701 1-0-Methyl-5-{2-acetoxy-8-oxotridecyl)resorcinol; R1 = Me, R2 = H, Ra = Ac, R4 = 0 
702 1-O-Methyl-5-{2-acetoxy-8-hydroxytridecyl)resorcinol; R1 = Me, R2 = H, Ra = Ac, R4 = OH 
703 1-0-Methyl-5-{2-hydroxytridecyl)resorcinol; R1 = Me, R2 = H. Ra = H, A, = H 
704 1-O-Methyl-5-{2-hydroxy-8-oxotridecyl)resorcinol; R1 = Me, R2 = H, Ra = H, R4 = 0 
705 1-0-Methyl-5-(2,8-dihydroxytridecyl)resorcinol; R1 = Me, R2 = H, Ra = H, R4 = OH 
706 5-(2-Acetoxytridecyl)resorcinol; R1 = H, R2 = H, R3 = Ac, R4 = H 
707 5-(2-Acetoxy-8-oxotridecyl)resorcinol; R1 = H, R2 = H, Ra = Ac, R4 = 0 
708 5-(2-Acetoxy-8-hydroxytridecyl)resorcinol; R1 = H, R2 = H, R3 = Ac, R4 = OH 
709 5-(2-Hydroxy-8-oxotridecyl)resorcinol; R1 = H, R2 = H, R3 = H, R4 = 0 
710 5-(2,8-Dihydroxytridecyl)resorcinol; R1 = H, R2 = H, Ra = H, R4 = OH 

a-Onocerin (71 1 ), a triterpenoid of unusual stmcture has been isolated from several 011011is 
species (Rizk, 1 986). Of the twelve 011011is species investigated by Rowan and Dean ( 1 972), 
a-onocerin was found in all the examined species except in 0. pusi/la. Sitosterol was the 
major sterol in the twelve species. Stigmasterol, campesterol, cholesterol and the triterpenoids 
cycloartcnol and 24-methylenecycloartenol also occurred. Some species contained an additional 
sterol, probably a-spinasterol, in the root. 
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The essential oil of 0. spinosa roots contained menthone (712), isomenthone, camphor, 
linalool, menthol (713), astragole, carvone (714), cis-anethole and tra11s-anethole (Rizk, 1 986). 

Several tlavonoids were isolated from 011011is species (Table 46). Ononin (71 5) ,  an 
isoltlavone glucoside (fom10nonetin-7-O-�-D-glucopyranoside) was detected in 011011is species 
(Rizk, 1 986). 

HO 

71 1 a-Onocerin 

Species 
I .  0. arvensis 

2. 0. spinosa subsp. 
/eiosperma 

3. 0. spinosus 

4. 0. vagina/is 

OH 

712 Menthone 713 Menthol 

Table 46. Flavonoids of some Ononis species 

Flavonoids 
Ononin (715), onogenin (716), 
fom10nonetin, kaempferol and 
astragalin 
Ononin 

Apigenin, kaempferol, luteolin, 
quercetin, hyperoside (717), rutin, 
quercitrin (718), rhoifolin (719), 
cosmosiin and myricitrin (720) 
Apigenin, astragalin, chrysin, 
trifolin (721), luteolin-3',4'-dimethylether, 
cirsimatin, eupatilin, kaempferol-3-
O-(2"-O-p-coumaroylglucoside )-7-
O-glucoside, pseudobaptigenin-7-
glucoside, isohemipholin, hispidulin, 
cirsimaritin, kaempferol-3-O-
glucoside (722), kamepferol-3-O­
galactoside (trifolin), quercetin-
3-O-galactoside, quercetin-3-O­
glucoside, naringenin 6-C-glucoside 
(hemipholin (724)) and ononin and 
its glucoside 

714 Carvone 

Referrences 
Rizk (1986) 

Kyrmyzyguel et al. 
(1997) 
Kartnig et al. 
( 1985) 

Amer et al. ( 1 989); 
Kassem et al. 
( 1 996); Abdel­
Kader ( 1 997); 
Bernhardt et al. 
(2000) 
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The study of the flavonoids of thirty species of Psoralea indicated a recurrent pattern of  
flavonoids, most of which were C-glycosylflavones characteristic of  the genus. Patterns of  
various species were generally similar and characterized by large amounts of  di-C-glycosides, 
lesser amounts of 8-C- and 6-C-monoglycosides and small quantities of mixed C- and 0-
glycosides. Examples of the flavonoids detected were orientin, isoorientin, vitexin, saponaretin, 
isosaponarin, vicenin (735), leucenin (736), apigenin 6,8-di-C-glycoside, luteolin 7-diglycoside 
and chrysoeriol-6,8-di-C-glycoside (Ockendon et al., 1 965). Rutin was detected in P repen.\· 
(Boardley et al., 1 986). Several isotlavones have been identified in Psoralea species and in 
particular in P. c01yl(folia. Daidzein was isolated from roots of P. acaulis (Zapesochnaya and 
Samylina, 1 974). This isoflavonoid was also detected in P. cinerea (Neguyen et al., 1 997). 
The seeds of P. co1J1lijolia contained several isoflavonoids e .g. bavachinin (737) (Bhalla et 
al., 1 968), neobavaisoflavone (3'-C-prenyldiadzein, (738)) (Bajwa et al., 1 974; Chen et al., 
1 996), psoralenol (739) (Suri et al. ,  1 978), corylinal (740) (Gupta et al., 1 978) and corylifolin 
(741 ) (Zhu et al., 1 979), bavachin (742) and 6-hydroxy-6",6"-dimethylpyrano-(2",3" :4'3')­
isotlavone (Agarwal et al., 2000). 

Table 48. Furocoumarins of some Psoralea species 
Species Plant Part Furocoumarins Rrefcrences 

I. P acaulis seeds Psoralen Samylina and Ladygina 
( 1 975 ) 

2. P americana seeds Psoralen, angelicin Innocenti et al. ( 1 977) 
(var. polistachya) 

3. P bituminosa seeds Psoralen, angelicin Innocenti et al. ( I 997b,c) 
4. P canescens all parts Psoralen, angelicin Innocenti et al. ( 1 997a) 
5. P cinerea fruits Psoralen, angelicin Innocenti et al. ( I  984 ); 

Nguyen et al. ( 1 997) 
6. p COIJl/ijolia fruits and Psoralen, angelicin, Khastgir et al. ( 1 959) ;  

seeds psoralidin, ( isopsoralen) Dattagupta et al. ( 1 960); 
bakuchicin, neo-psoralen Cappelclletti et al. ( 1 984); 

Kondo et al. ( 1 990); 
Peng et al. ( 1 996); 
Wei and Zhou (2000) 

7. P dentata seeds Psoralcn, angelicin Innocenti et al. ( 1 977) 
8. P drupacea fruits, seed Psoralen, angelicin Kartashkina et al. ( 1 966); 

and other Akubakirov and 
parts Khalmurzaev ( 1 967); 

Fedorin et al. ( 1 975 ) 
9. P glandulosa leaves Psoralen, angelicin Labbe et al. ( 1 996) 

seeds Angelicin Innocenti et al. ( 1 977) 
I 0. P macrostachya leaves Psoralen Kohlmuenzer ( 1 965) 

seeds Psoralcn, angelicin Innocenti et al. ( 1 977) 
1 1 . P psoralioides seeds Psoralen Baskin et al. ( 1 967a) 
1 2. P subacaulis seeds, leaves, Psoralen Baskin et al. ( 1 967b, 1 968) 

flowers, roots 
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HO 

735 Vicenin-1; R1 = R3 = C-glycosyl, R2 = R4 = H 
736 Leucenin-1; R1 = R3 = C-glycosyl, R2 = H, R, = OH 

c;>H 
HO

Y'Yi

O
il 

� 

�
d ' 

OH 
0 

738 Neobavaisoflavone 739 Psoralenol 
(3'-C-prenyldiazein) 

OH 

737 Bavachinin 

MeO

�

O -d/ 
I I - : 

:::,._ ' 
� /; 0 

0 

740 Corylinal 

OH 
�

OS 

O 0 

741 Corylifolin 742 Bavachin 

The seeds of P. c01ylifolia, were found to contain psoralidin (743), a C-phenylcoumarin, 
bavachromene (744), bavachromanol (745), corylifonin (746) and several chalcones ( e.g. 747-
749) (Bajwa et al., 1972; Zhu et al., 1979; Suri et al., 1980; Gupta et al., 1977b, 1980a, 1982b ) .  

cfu u y o  

743 Psoralidin 

746 Corylifolinin 

OH 
OH 

� 

744 Bavachromene 

MeO
XXl°

OH � /; OH 

:::,._ I I 
OHC 

0 

747 Neobavachalcone 

en /f
-{)-

oe 

w� 
0 

745 Bavachromanol 

OH 

748 lsoneobavachalcone 
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A OH 

OMe 

759 A - H 
760 A = COOH 

9. 1 .  Rhy11clwsia minima (L.) DC., Prodr. 2 :385 (1825). 
syn. Dolichos 111i11i11ws L., Sp. Pl., ed. I ,  726 ( 1 753). 

Adan al far (Ar.) 

Prostrate perennial herb with hairy striate stems. Leaves trifol iolate with mid l eaflet much 
larger than the opposite pair. Inflorescences axillary racemes; flowers yel low, streaked. Fruit 
flattened legumes, 2 cm long with few (2) mottled seeds. 

l l abitat and Distribution 
A very rare plant in Qatar. Recorded at Al-Majda (rodat). 
The plant is a common agricultural weed elsewhere. 

Constituents 
The seeds of R. minima, growing in India, contained 1 9. 5  ° o protein. The amino acid 
composition of the seeds was as fol lows: aspartic, 9.0; threonine, 3.8; serine, 6. 0; glutamic 
acid, 15.5· pral ine, 5.6; glycine, 8 .4; alanine, 7.6; half cystine 0.4; val ine, 6.3; methionine. 
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0.5; isoleucine, 4.5; leucine, 8.0; tyrosine, 1 . 1 ;  phenylalanine, 5. 1 ;  histidine, 3.2; lysine, 4.4, 
and arginine, 4.8 (g/ 1 00 gm protein) (Prakash and Misra, 1 988). 

A steroidal glycoside, 3-O-� -D-galactopyranosyl-stigmasta-5,22-d1ene, along with 
ergosterol peroxide, stigmasterol and lupeol were isolated from the plant (Ahmed et al. , 1 992). 

The pericarp contained sitosterol, gallic acid, protocatechuic acid, hydroquinone diacetate 
and prodelphinidm. The leaves yielded four C-tlavonoid glycosides (isov1texin, schaftoside, 
vicenin-2 and vicenin-3 (6-C-glucosyl-8-C-xylosylapigenin)) (Rizk, 1 986). 

The leaves of R 111i11111a are used as abortifacient. The plant is used in the treatment of skin 
diseases and as a fish poison. In India, the plant has been reported to possess contraceptive 
properties (Rizk and EI-Ghazaly, 1 995). 

10. SCORPIURUS L. 

10. 1 .  Scorpiurus 11111ricatus L. , Sp. P l . ,  ed.  I, 745 ( 1 753). 

Khuzaima (Ar.) 

Annual small herb with lanceolate-spatulate long leaves up to 8 cm long. Inflorescences axillary, 
few-flowered, umbellate on long peduncles. Fruit coiled legumes, constricted between the 
seeds, bristly. Flowers and fruits in rainy season. 

Habitat and Distribution 

Rare in Qatar. in rodat with fine sandy soils in northern Qatar. 
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Trigonelline, the major alkaloid of T .  Joe1111111-graec11111 was detected in T .  corniculata 
together with choline and betaine (Atal and Sood, 1964). 

12.1 .  Trig,mella a11g11i11a Defile, Descr. Egypte Hist. Nat. 254, t.38.2 (1814). 

Nafal (Ar.) 

Annual prostrate herb with many basal branches. Leaves trifoliolate. Inflorescences axillary 
racemose. Flowers few, congested and crowded, yellow. Fruit a wavy, torulose-folded legume. 

Habitat and Distribution 
Weed of cultivated and arable land and occurring on moist sites during the rainy season. 

Con tituents 

The minerals of T. anguina, growing in Qatar, is shown in Table I 78 (AI-Easa, 2002d). 
Phytochemical screening of T. anguina, growing m Qatar, revealed the presence of alkaloids, 

coumarins, flavonoids, saponins and sterols (and /or terpenes) (Rizk et al., I 986a). 
The plant gave negative reaction for tlavolans (condensed tannins) (Goplen et al., I 980). 

1 2.2. Trigo11el/a hamo a L., Syst. Nat., ed. IO, 1180 (1759). 
syn. Trigonel/a glabra Thumb., Prodr. Pl. Cap. 137  ( 1 800). 

Nafal (Ar.) 

Annual erect-decumbent herb, Leaves trifoliolate. Inflorescences axillary, racemose, Flowers 
crowded on a distinct peduncle. Fruit falcate, slightly detlexed pods. 
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Habitat and Distribution 

Common weed of cultivation, parks and gardens. Common in association with avenue trees. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of T. hamosa, collected from 
two different localities in Qatar, are shown in Tables 175-178 (Al-Easa, 2002a-d). 

The seeds of T. hamosa gave a negative l ysis but a positive test for diosgenin/yamogenin 
(788) by the colour test (Hardman and Fazli, 1972a). The plant gave negative reaction for 
condensed tannins (Goplen et al., 1 980). 

,0 

0 

HO 

788 Yamogenin 

12.3. Trigo11ella 111011a11tha C.A. Mey., Verz. Pfl. Cauc. 13 7 ( 1831 ). 

Nafal (Ar.) 

Prostrate annual herb. Branches many, basal. Inflorescences solitary or a pair of flowers in the 
l eaf axils; flowers yellow, sessile or subsessile. Fruit a l egume about 5 cm long. 

Habitat and Distribution 
Reported by Batanouny as rare in Qatar. Plant not seen and possibly a weed of vegetable plots. 

Constituents 
The seeds of T. monantha contained l ess than 0.2 % diosgenin (Bohannon et al., 1974) . The 
plant gave negative reaction of condensed tannins (Goplen et al., 1984). 

1 2.4. Trigo11e/la ste/lata Forssk., Fl. Aegypt-Arab. 140 (1775). 

Nafal (Ar.) 

Annual prostrate herb with numerous basal branches. Leaves trifoliolate. Inflorescences axillary, 
racemose. Flower crowded on short peduncles; corol la yellow. Fruit crowded, spreading pods 
appearing as a bunch. 

Habitat and Distribution 
Weed of cultivated farms and gardens 

Constituents 
Phytochemical screening of T. stellata, growing in Qatar, revealed the presence of alkaloids, 
coumarins, flavonoids, saponins, and sterols (and/or terpenes) (Rizk et al., 1986a). 



Table 58. Groat nitrogen content, straw nitrogen content and groat oil content of six A. sativa cultivars and 10  Avena species grown in pot at 
three levels of nitrogen ferti lity ( dry matter basis; means of three replicates) 

Leanda Manod Maris Sun Froker H inoat A.  A. A. A.  A. A.  A.  A .  A .  A .  
Oberon Il steirilis barbata morocca11a murphyi ca11arie11sis eriantha hir/11/a /011gig/11mis prostrata ventricosa 

Groat mtrogen content (%) 
N I  1 .35 1 .50 1 .75 1 .44 1 .78 2.25 2.70 4. 1 0  2.9 1 3.20 3.39 5.5 1 4.30 2.94 6.05 5.63 
N2 1 .37 1 .57 1 .66 1 .53 1 .8 1  2.47 2.87 4.07 3.36 3.39 3.77 5.00 4.3 1 3. 1 0  5.80 5.77 
N3 1 .85 2. 1 1  2. 1 1  2.02 2.48 3.45 2.97 4.66 4. 1 8  3.82 4.86 5.77 4.88 3.92 7. 1 2  6.37 
Straw nitrogen content (%) 
N I  0. 1 9  0.20 0. 1 6  0.22 0.23 0.26 0 .. 30 0.34 0.24 0.24 0.27 0.68 0.29 0.28 0.56 0.47 
N2 0.23 0.20 0 . 1 6  0.2 1 0.26 0 .25 0.29 0.29 0.29 0.28 0 .31  0.69 0.32 0 .26 0.70 0.58 
N3 0.3 1 0.28 0.23 0.26 0.32 0.35 0.32 0.33 0.38 0.34 0 .65 0.68 0.35 0 .31  0.70 0.78 
Groat oil content (%) 
N l  8.29 7.63 7.88 8.06 6.69 7. 1 4  1 0.77 9.26 9.34 8.59 9.85 1 3.67 8.00 8.47 8.92 1 2.20 
N2 7.94 7.50 8.05 7.59 6.1 1 7 . 1 0  1 1 .06 9.06 9.2 1 8. 1 6  9.30 1 3.54 8.06 7.99 8 . 1 0  1 2.08 
N3 7.26 6.82 6.93 6.9 1 5.6 1 6.73 1 0 .52 8. 1 1  8 .33 7.45 8.54 1 2.89 7.2 1 6.93 8.05 1 2.02 
N I ;  N2; N3, nitrogen fertility levelss, (Ammonium nitrate fertiliser N I  0.28 kg/m' N I :  Basal mixture soil, peat and grit 7:2:2; Hydrated lime was added at 0.9 kg m' and a 
compound. P K  fertiliser at 2.7 kg/m' . 
N2: Basal mixture supplemented with ammonium nitrate ferti l iser at 0.28 Kg/ m1• 

N3: Basal mixture supplemented with ammonium nitrate ferti l iser at 0.42 Kg/ m3
• 
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Table 59. Total plant yields, groat yields and groat harvest indices of six A. saliva cultivars and IO Avena species grown in pot at three levels of 
nitrogen fertility (dry matter basis; means of three replicates) 

Leanda Manod Maris Sun Froker Hinoat A. A. A. A. A. A. A. A. A .  A. 
Oberon I I  steirilis barbata moroccana m11rehvi canariensis eriantha hirt11/a /011gig/11mis erostrata rentricosa 

Total plant yield (g/plant) 
N I  6.82 6.98 6.69 6.89 6. 1 5  4.82 6.05 5.48 6.04 6.05 4.87 2 .72 5.06 5.28 2.63 2.5 1 
N2 1 5.28 1 4.57 1 5.86 1 5.79 1 3. 15 1 1 .63 1 2.56 1 1 .43 1 1 .55 1 2.52 1 0.74 4.68 1 1 .39 1 2.28 5.2 1 5.3 1 
N3 25. 1 3  25.22 27. 1 5  28.28 23.36 20.00 27.53 22.63 1 9. 7 1  24.35 1 5.28 1 0.47 2 1 .86 24.00 8.06 6.82 
Groat yield (g/plant) 
N I  2.30 2.34 2.06 2. 1 9  2.05 1 .43 0.87 0.49 0.93 0.86 0.90 0. 1 3  0.56 0.87 0. 1 9  0. 1 5  
N2 5.60 4.9 1 4.83 5.36 3 .90 3.26 1 .80 0.96 1 .86 1 .78 2 . 1 7  0. 1 5  I. IO 1 . 9 1  0.36 0.30 
N3 9.57 9.87 9.94 1 0.75 9.04 5.67 4. 1 0  2.27 3 .42 3 .78 2.96 0.22 2.35 4.25 0.48 0.2 1 
Groat harvest index 
N I  0.336 0.335  0.308 0.3 1 4  0.333 0.297 0. 1 44 0.088 0. 1 53 0. 1 43 0. 1 85 0.040 0. 1 08 0. 1 66 0.073 0.070 
N2 0.367 0.337 0.305 0.339 0.300 0.280 0. 1 43 0.084 0. 1 6 1  0. 1 4 1  0.202 0.032 0.095 0. 1 56 0.068 0.05 1 
N3 0.382 0.393 0.366 0.379 0.388 0.285 0. 1 50 0. 1 00 0. 1 74 0. 1 55 0. 1 94 0.022 0. 1 07 0. 1 77 0.060 0.024 
N I ;  N2; N3, nitrogen fertility levels, see Table 58. 
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Table 60. Protein concentration in botanical parts of oat kernel 

Variety Groats Hulls Scutellum Bran Starchy endosperm 
Orbit 13.8 1.7 32.4 18.8 9.6 
Lodi 14.6  1.6 26.2 19.6 10.7 
Garland 14.8 1.4 28.9 18. 5 10.9 
Froker 15.5 1.4 28.0 20.7 9.7 
Portal 16.5 1.9 29.1 33.0 10.3 
Dal 20.8 1.5 24.2 26.5 13.5 
Goodland 22.5 1.9 32.4 32.5 17.0 

Table 61.  Amino acid composition of oats and groats (g amino acid/100 g amino 
acid recovered) 

Amino acids Oats Groats 
2 3 4 5 

Lysine 4.14 4.2 5.2 4.5 3.9 
Histidine 1.72 2.4 2 .7 2.4 2 .3 
Arginine 6.95 0.4 6. 3 6.8 6.2 
Aspartic acid 8.06 9.2 I I . I  8.7 9.0 
Threonine 3.65 3. 3 4.1 3.4 3.1 
Serine 4.95 4.0 4.5 4.6 3.9 
Glutamic acid 21.82 21.6 20.0 21.7 22.4 
Proline 5.36 5.7 3.1 5.5 6.2 
Cystine 1.83 1.7 6.4 2 .1 2 .0 
Glycine 4.69 5.1 6.0 5.2 5.0 
Alanine 4.72 5.1 5.5 5.0 5.0 
Valine 5.44 5.8 6.2 5.5 5.7 
Methionine 1.83 2 .3 1.5 2.2 2 .5  
l soleucine 4.09 4.2 4.5 3.9 4.3 
Leucine 7.69 7.5 7. 6 7.6 7.4 
Tyrosine 3.76 2.6 2.4 3.0 2 .5  
Phenylalanine 5.56 5.4 5. 3 5.2 5.5 

Oat grain contained high amounts of nonstarch polysaccharides which are the main 
constituents of dietary fiber. Although this group of carbohydrates is a mixture of many 
polymers, the overwhelming quantity of these compounds may be classified as p-glucan, 
arabinoxylan, and cel lulose (Lasztity, 1998). The p -glucan in oats contain about 70 % four­
linked and 30 % three-linked B - glucopyranosyl units (Westerlund et al., 1993; Lasztity, 1998). 
The B -glucan content of most dehulled grains of243 samples of genetically variable oat l ines, 
ranged from 4.5 to 5.5 %. Only 18 % of the samples had a p -glucan content higher that 5.5 % 
B (maximum 6.73 %) and only 15 % had a lowerp -glucan content lower than 4.5 % (maximum 
3.09 %) (Cho and White (1993). The B-glucan content in Swedish oat samples is 2. 7 to 3.6 % 
(Lasztity, 1998). Oat bran contained 11.2 to 16 % B -glucan (Wood et al., 1989). 

-,-.-- - - - - -- --
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Table 62. Average amino acid composition of the different protein fractions 
isolated from oats grown in Hungary (g amino acid/ 1 00 g protein) 

Amino acids Albumins Globulins Prolamins Glutei ins 
Lysine 8. 3 4.9 3. 1 5.2 
Histidine 4. 1 3.3 1 . 6 3. 1 
Arginine 5. 3 8. 5 5.0 9. 1 
Aspartic acid 1 2.5  9.8 4.2 1 0.8 
Threonine 5.5 3.8 2.3 4.8 
Serine 6.3 4.3 3.2 4.7 
Glutamic acid 1 5. 1  1 9.5 36.1 1 9.1 
Proline 5.8 5.4 1 1 .3  8. 1 
Cystine 6.5 5.8 3.0 4.0 
Glycine 7. 1 6.5 3.8 4.1 
Alanine 1 .7 1 .8 3.1 1 .4 
Val ine 7.3 5.1 5.5 4.4 
Methionine 2.2 1 .9 3.3 1 .5 
l soleucine 4. 1 4.7 3.8 4.3 
Leucine 8.9 7.0 1 0. 3  7.1 
Tyrosine 2.6 2.4 2. 1 4.8 
Phenylalanine 7.8 6.1 7.5 7.1 
Tryptophan 1 .7 1 .4 1 .6 1 .9 

Table 63. Amino composition of some A. fatua and A. saliva 
Amino acid composition A.fatua A. saliva 
g/total amino acids Caryopses . Caryopses . Leaf' 
Aspartic acid 9. 1 9.0 1 2.5 
Threonine 3.7 3.9 5.9 
Serine 5.8 6.2 5.4 
Glutamic acid 23.8 22.7 1 2.8 
Proline 5.7 5.8 8. 1 
G lycine 4.9 5.4 5.7 
Alanine 4.9 5. 1 7.9 
Cystine 2.6 2.2 1 .0 
Valine 4. 1 4.5 4.5 
Methionine 1 .8 1 .9 1 .7 
l solcucine 3.2 3.4 3.2 
Leucine 8.0 8.3 8.6 
Tyrosine 4.7 4.6 4.4 
Phenylalanine 5.8 5. 6 5.7 
H istidine 2.3 2.1 1 .9 
Lysine 4.6 5.0 6.8 
Tryptophan 0.0 0.2 0.5 
Arginine 5. 1 3.8 3.4 
Total amino acids 1 3.3  7.5 2.9 
{protein content) (g % fresh wt) 
• Ycoh and Watson ( 1 98 1  ). 
••  Ycoh and Watson ( 1 982). 
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Arabinoxylan in Swedish oats ranged from 4. 1 to 15 '¼,, calculated as a sum of arabinose, 
xylose and uronic acid polysaccharide residues. Arabinoxylan was found to be the main 
component (about 65 '¼,) of  nonstarch polysaccharides in dehulled oats. Cellu lose content of 
oats ranges from 6. 1 '% to 1 3  % with an average of9. I %. The hull and bran contained higher 
amounts of cellulose-up to 40 '¼,. Total dietary fiber of oat grain varied widely, ranging from 
1 2. 7 to 38 '%. The dehulled grain had a lower dietary fiber content (5- 1 2  ° o). About 30-50 '¼, 
of  the total dietary fiber was water soluble (U1sztity, 1 998). 

As in other cereal grains, oat contains small quantities of mono- and ol igo-saccharides. 
Sucrose (0. 7-0.9 %) and ra ffinose (0. 1 -0.2 %) are the main sugars found in oat kernel. Small 
quanti ties o f  mal tose, gl ucose, fructose, stachyose and verbascose (a non-reducing 
pentasaccharide "O-a-D-galactopyranosyl-( l ---+6)-O-a-D-galactopyranosyl-( l ---+6)-O-a-D­
galactopyranosyl-( l ---+6)-O-a-D-glucopyranosyl-( l ---+2)-13-D-fructofuranoside") were also 
detected particularly in bran (MacArthur and D' Appol lnia, 1 979; U1sztity, 1 998). 

In contrast with other winter cereals, cold hardened oat (A. saliva) has about 1 /3 as much 
high degree of polymerization (DP > 6) fructans (Livingston, 1 99 1  ). Fmctans had been separated 
from oat stems and consisted exclusively ofneokestose-based isomers with 2,6-linked and no 
branching. The structure and quantity of fructan oligomers in stems of 49 accessions from 
five Avena species A. abyssi11ica, A. fatua, A. saliva, A. sterilis and A. strigosa, have been 
studied by Livingston et al. ( 1 993). The average DP of DP > 6 fructan from oat stems was 
1 2.3. The results of l inkage analysis of oligomers from oat stems were as follows (Livingston 
et al., 1 993): 

DP3: raffinose, 6- ketose, 1 -kestose (813) and neokestose (814). 

813 1-Kestose 
(1 -Kestotriose) 

814 sG-Kestotriose 
(Neokestose) 

DP4: stachyose, 6%-kestotetraose (815), I ,  1 -kestotetraose (816), 6°, 1 -kestotetraose (817) 
and I & 6G-kestotetraose (818). 

815 (6G,6)-Kestotetraose 816 ( 1 , 1 )-Kestotetraose 

-· ��- � - - � - -
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817 (BG, 1 )-Kestotetraose 

CH OH HOH2C
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�� 0 2 
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HO 
CH20H 

OH 0 
HO O HO 

HO CH2OH 
OH O HO 

818 ( 1 &6G)-Kestotetrose 

261 

DPS : 6t, I &6-kestopentaose (81 9), (820), I &6°,6-kestopentaose (82 1 ), I &6( ' , 1-
kestopentaose (822), 6(; I, 1-kestopentaose (823) and I, I &6°-kestopentaose (824). 

819 (BG, 1 &6)-Kestopentaose 

820 (6G ,6,6)-Kestopentaose 

821 (1&6G,6)-Kestopentaose 822 (1 &BG, 1 )-Kestopentaose 

An appreciable amount of 1-kestose (813) was found and since (815-81 7), (821-824), all 
containing 2, I-linkage fructose were also found, enzymes for the synthesis of 2, I- linkages 
must be present. The data obtained by Sims et al. ( 1992) and Livingston et al. ( 1993) who 
reported fructans from excised leaves of Lo!ium temulentum, support the establishment of a 
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Gounaris et al. ( 1 99 1 )  had undertaken a comparison of the protein components of stamens 
and pistils of C. ciliaris, at the stages of sporogenesis and of gametophyte enlargement. Four 
stamen-specific proteins were detected. One of them was specific to the microsporogenesis 
stage and one specific to the uninucleate microspore stage. The other two were found in both 
stages. The stamen-specific proteins might be involved in sexual differentiation in this species 
or they could be gametophyte-or meiosis-specific proteins. 

The analysis of mineral elements at different days of growth of C. ciliaris (growing in 
India) revealed that with advancement of growth K, P and Fe showed a continuous decline 
whereas Ca, Zn, Cu and Mn remained more or less constant or increased slightly (Dutta and 
Dhir, 1 980). In a study using K-Na and K-Mg nutrient replacement series in sand culture, 
Smith ( 198 1 )  found that cation-anion values in the tops of C. ciliaris increased as the 
concentration ofK in the nutrient solutions increased. The study of the chemical composition 
of C. ciliaris, collected from the Thal desert (Pakistan), did not show any outstanding relation 
between soil constituents and the chemical composition. The same plant sample contained 
0.9- 1 . 1  % lipids, 30. 7-39.9 % fibres, 6.0-7.9 % proteins, 35 .9-42.8 % carbohydrates and 8.0-
1 0.4 % ash (Malik and Khan, 1 97 1  ) .  

The growth of C. ciliaris, growing in India, was followed by determining shoot dry matter, 
root dry matter, total dry matter and pigments (chlorophylls and carotenoids). A linear 
relationship between shoot dry weight and total chlorophyll was found. Shoot and root weights 
and pigment contents varied according to harvest (plant age) date and self-shading (Kumar et 
al. , 1980). 

Large grains (676 mg/ 1 000 grains) of C. ciliaris, collected in India, contained markedly 
higher amounts of starch, protein, N, P and K than small grains (303 mg/100 grains), but they 
contained lesser amounts of reducing sugars and soluble carbohydrates. The high food reserve 
in large grains of C. ci/iaris had a sustained effect on the maintenance of higher plant growth 
during the first year of seedling establishment. I t  has been tentatively concluded that the 
advantages provided by the large grains, such as higher germination, greater seedling vigour 
and large dry matter production in the first year establishment, provided ample scope for 
improving forage production in the arid areas (Kathju et al. , 1 978) . 

Seasonal changes in dry weight and total available carbohydrates, i.e. nonstructural 
carbohydrates (TAC), were examined in C. ciliaris, growing (in Australia) under 2 defoliation 
regimes: cutting at a 5-cm height once, or cutting 8 times/year. TAC accumulated in the roots 
during autumn, winter and early summer, and were depicted in the spring. Frequent defoliation 
reduced amounts of TAC (Humphreys and Robinson, 1966). Earlier, Edwards ( 1 936) reported 
no consistent differences in percentages of crude protein and ash between samples taken at 
periods of maximum yield (January-April) and those taken at the period of minimum yield 
(March) .  

C. ciliaris in West Australia when fed to sheep, had a higher nutritional value than several 
other subtropical grasses (Milford, 1 960a), and it had been proved to be much preferred by 
cattle (Everitt et al., 198 1 ) . A study on the palatability and nutritive value of anjan hay (C. 
ci/iaris) as fodder for sheep showed that the body weights could be maintained (Singh, 1 975 ). 
The influence of wilting on the quality of C. ciliaris silage in Cuba has been studied (Rodriguez 
et al., 1989). 

The effects of water stress on herbage quality have been studied by Wilson (1 981). Field 
plots of C. ciliaris were subjected to periods of controlled drought, and herbage from these 
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plots was compared with those from well-watered plots. Leaf and stem dry-matter digestibility 
of water-stressed herbage was either similar to or higher than those of unstressed herbage. 
Sward digestibility in plots subjected to drought was higher than in the well-watered controls 
because, of a decreased proportion of stem and a higher digestibility of both leaf and stem. 
The higher rates of animal daily live-weight gain in the dry years supported the conclusion 
that herbage growth under low soil moisture had improved nutritive quality (Wilson, 1981 ) .  
The effects of water stress of varying duration and intensity on the in vitro dry matter digestibility 
(DMD) and chemical composition of different plant fractions of C. ci/iaris, grown in plots 
under semi-arid field conditions was reported (Wilson, 1983b). Other plots of this species 
were irrigated regularly for comparison. The DMD of herbage from water-stressed plants was 
either similar to or higher than that form plants of the wet treatment. Where DMD of leaves 
was higher for the dry treatment, this was usually due to a slower decline in their DMD as they 
aged. Most comparisons of dead leaf tissue indicated a higher DMD for the dry than the wet 
treatment. The most recently expanded leaves usually did not differ in DMD between wet and 
dry treatment. Water stress slowed stem development in the grass and particularly in early 
spring when this effect was most evident, the DMD of stem was higher in the dry than the wet 
treatment. Water stress applied to buffel grass stems after they had elongated and started 
flowering did not affect their DMD compared with the wet treatment. Cell-wall and lignin 
content of herbage from the dry treatment was similar to or lower than that from the wet 
treatment. The conclusion from these experiments is that the effects of short-term, moderate­
to-severe, water stress on DMD were somewhat variable, but generally the digestibility of 
water-stressed buffel grass (stem, green leaf and even dead leaf) was similar to or as much as 
4- 1 3  units higher than that from well-matured plants. These results suggest that during droughts 
of short to medium length, provided the yield of leaf in particular is sufficient to satisfy the 
animal's intake requirement, the daily animal live weight gains on water-stressed herbage 
should be maintained or even employed when the stress is so severe that most plant tissue is 
killed (Wilson, 1983b). This contention supported the data from a grazing trial, which was 
reported by Wilson (1981 ) .  Of course, with continued drought the quantity of herbage available 
may eventually be insufficient to give good animal production despite its improved nutritive 
value (Wilson, 1983b). The DMD data (Table 69) indicate a variable effect of water stress 
between plant parts and the spring or summer cycle. Generally, DMD material from the dry 
treatment, including dead leaf, was either the same as or higher than that of the wet treatment. 

The dry buffel grass was moderately stressed at the end of the drying season. The water 
stress had no effect on the DMD and the cell-wall content (CWC) and lignin content of the 
upper leaves or upper stem (Table 70), either during stress or in the period ofrewatcring. The 
data for the sward fractions in Table 71 indicate a generally higher DMD of green and dead 
leaf, and of stem, for the dry than the wet treatment. The water stress experienced by the dry 
plants was extreme, as indicated by leaf water potentials as low as - I  0.7 MPa (Table 72). The 
DMD of the last expanded leaf and whole tops of the dry treatment was either similar to or 
significantly higher than the corresponding value for the wet treatment (Table 72) (Wilson 
1983b). 
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C. plectostachys contained a xylan (hemicellulose) consisting of a main chain of� -linked 
xylose residues to which were attached arabinose residues as side chains and an aldobiouronic 
acid containing residues of glucuronic acid, xylose and arabinose (Mcilroy, 1963). Arabi nose, 
xylose, mannose, galactose and glucose were identified in detergent residue of C. nlemfuensis 
(Pitman and Moore, 1985). 

Tricin, flavone C-glycosides and apigenin were detected in Cynodon species (Harbome 
and Williams, 1976). 

11 .1 .  Cy11odo11 dacty/011 (L.) Pers., Syn. Pl. I :85 (1805). 
syn. Pa11ic11111 dacty/011 L., Sp. Pl . ,  ed. 1 ,58 ( 1 753). 

Naj i!, Thayyal, Thaiyil, Najm (Ar.); Bermuda grass; Star grass, Couch grass (En.) 

Perennial grass with long prostrate stolons (vegetative propagation) giving off adventitious 
roots at nodes and upright tufts of leafy shoots. Leaves linear with short ciliolate ligules. 
Inflorescences on 3 - to 4-noded upright culms; Inflorescences digitate, of3-5 spikes each 4-6 
cm long; spikelets alternate on flat-backed rachis. 

Habitat and Distribution 

Lawn grass grown all over Qatari private and public garden�, frequently mowed and renewed. Also in 
shaded rodats and water catchment areas growing vegetatively during the rainy seasons and surviving 
on air moisture. 
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Constituen ts 
The proximate analysis, amino acids, fatty acids and minerals of C. daclylon, growing in 
Qatar, arc shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d). 

Bermuda grass (C. daclylon) is one of the grasses cultivated for hay and pasture purposes 
and also as a lawn grass. The proximate chemical composition (crude protein, crude fiber, fat, 
carbohydrates, ash) and mineral content (Ca, N ,  K, Cl, Mg, Cu, Mn, Fe, P and Zn) of the plant 
growing in different parts of the world (e.g. Kenya, Nigeria, Uganda, Spain, U.S.A. Burma 
and S. Africa), has been reported (Toit el al., 1 934; Rhind, 1 938- 1 939; Cantos, 1 958; Brcdon 
and Marshal l, 1 962; Dijkstra and Driven, 1 962; Miller and Rains, 1 963; Gomidc el al., 1 969; 
Mao and Chang, 1 97 1 ;  Karue, 1 974; Kappel el al. ,  1 985). C. daclylon, from lower and upper 
Bermuda, contained crude protein 4.25, 6.1 6; crude fiber 27.42, 30.5 1 ;  fat 0.92, 0.77; 
carbohydrates 68.20, 53.75; ash 9.22, 8.80; PP� 0. 302, 0.5 1 5 ; CaO 0.32 1 ,  0.481 ; �O 1 .444, 
1 .5666 and Fc,03 0.070, 0. 1 87 % respectively (Rhind, 1 938- 1 939). C. daclylon, t rown in 
Tanzania was found to be rich in protein coupled with low fiber value (Srceramulu and Chande, 
1 983). Hay of Bermuda grass, grown in Venezuela, contained 4.7 % crude protein (Bustil los 
et al. ,  1 981  ). Howard-Wil l iams and Junk ( 1 977) reported the following nutritional value of C. 
daclylon in Brazil: dry matter (30.3 %), ash (I 0.2 %), protein (8.8 %), polyphcnols (0.7 units 
g· 1 ), cel l -wall (73.5 %) and caloric value ( 4.1 7 kcal g· 1 dry mass). The mineral content of the 
shoots was as follows: Na 0.02, K 1 .46, Mg 0.1 2, Ca 0.29, Si 2.88 and P 0.1 0. 

The amino acid composition of C. dactylon cv. Coast cross I (grown in Cuba) (whole 
plant, and of 4 weeks of regrowth without fertil ization in cutting areas and irrigated with 50  
mm/h everyday) (Table 76) (Coto and Herrera, 1 989), was similar to  that reported by Fishman 
and Evans ( 1 979). The total N of the plant and the buffer-soluble protein of C. dactyl on (couch 
grass), grown in soil in glass house and in venniculite in a growth chamber (27°C, 1 2h day, 
400 µ E m  2 s· 1 ; 20° C, 1 2  h night), amounted to 3.4± 0.1 and 6.0 ± 0.4 % respectively (Pheloung 
and Brady, 1 979). C. dactylon, grown in Kenya was reported as of high nutritive value in dry 
and wet seasons (Kraue, 1 974). 

Ycoh and Watson ( 1 982) reported the following amino acids composition of the leaves of 
C. dactylon: aspartic acid, 1 2.9; threonine, 5 .3; serine, 5.6; glutamic acid, 1 4. 1 ;  prolinc, 5.9; 
glycine, 5 .4; alanine, 7.8; cystinc, 1 . 0; valine, 4.6; methionine, 1 .7; isolcucinc, 3.6; leucinc, 
9.3; tyrosine, 4.5; phenylalanine, 5.6; histidine, 2.0; tryptophan, 0.1 and arginine, 3.9 (g % of 
total amino acids). The total amino acids (protein content) amounted to 4. 1 (g % fresh weight). 

The non-structural carbohydrates of C. dactylon were identified as glucose, fructose, sucrose 
and starch (Masaki and Ohyama, 1 978). Xylose and glucose constituted the greatest proportion 
ofmonosaccharides hydrolysed (using trifluoroacetic acid) from Bennuda grass fiber residues 
(De Ruiter and Bums, 1 987b ). The plant contained enough carotene to meet the nutritional 
requirements of cattle (Pena et al. , 1 977). Inorganic pyrophosphatasc from C. dactylon leaves 
was quite similar to that of com leaf (Mukherjee and Pal, 1 98 1 ). 

C. dacty/on growing in India showed high content of K (6.1 6 %) and Na  (0.23 %) of dry 
matter (More, 1 982). Coastal Bennuda grass had nutritionally adequate amounts of Ca, Mg, 
and K, P levels were suboptimum for high producing ruminants and had Ca:P ratio, which 
could cause metabolic disorders in ruminants if used as a sole feed source (Bosworth el al., 
1 980). The influence of stimulated rainfall on the retention of sludge heavy metals (Cd, Cu, 
Pb and Zn) by the leaves of C. dactyl on was studied by Jones et al. ( 1 979). 
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Table 76. Amino acid composition (TAA) of coast cross I Bermuda grass, protein 
component amino acids (CAA), peptide amino acids (PAA) and free 

amino acids (FAA) mmol/ 1 00 g DM 
Amino Acids TAA CAA PAA FAA 

Arginine 3.09 1 .88 0.45 0.76 
Histidine 0.68 0 .36 0.33 + 

l soleucine 3. 1 8  2.34 0.69 0. 1 5  
Leucine 7.21 4. 30 2.60 0 .30 
Lysine 4.05 3. 1 5  0 .37 0.52 
Methionine 1 .22 0.93 0 .30 T 
Phenylalanine 2.08 1 .77 0. 1 4  0. 1 7  
Threonine 3.05 2.54 + 0.51 
Valine 3.56 2.44 0.78 0. 34 
Alanine 5.46 4.22 0.26 0.98 
Aspartic acid 6.50 5.22 0.76 0.52 
Glutamic acid 7.33 5.05 1 . 94 0.33 
Glycine 6.05 4.35 1 .49 0.20 
Prol ine 5.37 3.08 0.25 0 .25 
Tyrosine 1 . 27 0 .93 0.20 0. 1 3  
Serine 3.46 2.70 + 0.62 
Total N-NH2 (g/ 1 00 OM) 1 .00 0.71 0. 1 6  0. 1 0  
N total (g/ 1 00 g MS) 1 . 45 1 .08 0.37 0. 1 3  

+ not present; T traces. 

Voluntary hay intake of yearling wethers averaged 958 g/head. N supplementation increased 
N digestibil ity, N balance and blood urea-N levels (Bustil los et al., 1 98 1  ). The evaluation of 
Bemmda grass as an alternative to com forage (Zea mays) for ensiling with poultry litter was 
studied by Rude and Rankins, Jr., ( 1 993). Their results indicated that johnsongrass (Sorghum 
halepense) supported Bennuda grass gain in lambs when ensiled with up to 20 % poultry 
l itter. Treatment of Cy11odo11 hay with 50 or I 00 kg Na OH/ton dry matter raised the digestibil ity 
of the dry matter, organic matter, and cell-wall constituents, and also the voluntary feed intake 
by sheep (Kategile et al., 1 98 1  ). The total nonstructural carbohydrate residue of C. dactylon 
was found to be more closely correlated with in vitro dry matter disappearance than was 
neutral detergent fiber (Bums and Smith, 1980) .  

Beef cows were used by Hal l  et al. (1 990) to determine the effects on the intake and 
digestion of supplementing Bennuda grass (C. dactylon) hay (I % of their body weight BW) 
with maize (MZ, 0.49 % BW) and fat, singly and in combination, and to compare fat poured 
on hay (PF, 0.054, beef tallow) with fat mixed with maize. (MZ-PF). The treatments included 
control (C), maize alone (MZ), fat poured on hay alone (PF), maize plus poured fat (MZ-PF) 
and maize mixed with fat (MZ-MF). Calcium carbonate (0.0 1  I %  body weight) was given to 
all supplemented animals. The mean ruminal fluid protozoa) counts were higher than without 
supplements (P < 0.05), for MZ than for PF, and for simultaneous vs. singular offering of 
maize and fat (P < 0.05). Digestion of neutral detergent fiber in the whole tract (duodenum) 
decl ined with supplementation, but d ifferences among supplement treatments were not 
significant. In a similar study Holstein steers received hay and l ibitum and higher levels of 
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supplements (maize 0.89, fat 0.099 and calcium carbonate 0.021 % body weight day- 1 ) .  The 
total tract neutral detergent fiber digestion was C 72-0, MZ 67.0, PF 69.2, MZ-PF 65.1 and 
MZ-MF 61.1 % and was depressed by supplementation and lower for simultaneous vs. singular 
supplementation with maize and fat (P < 0.05). In conclusion, there were no advantages in the 
intake or digestion when adding fat to supplemental maize either separately or mixed as 
compared with supplementation with maize alone. 

Garcel and Poppe (1989b) determined the digestibility of the most important nutrients for 
Bermuda grass cross No. I. The digestibil ity of the organic matter decreased with increased 
duration of growth. Residual dispersion values of 1.8 to 6.9 units ( calculated by regression 
analysis) of digestibil ity were recorded. The digestibility of the organic matter of Bermuda 
grass dropped by 19-50 % in the rainy season and by 11-50 % in the dry season (Gercell and 
Poppe, 1989a). 

The study of the effect of cutting age and final molasses levels on the quality of coast cross 
Bermuda grass silage, showed that the grass could be ensiled at 37 days of regrowth without 
adding final molasses. Dry matter was increased with higher cutting ages (26.06 vs. 35.14 %), 
but no variation was within the levels of molasses used. Crude protein (9.14 vs. 6.39 %) and 
ash (9. 34 vs. 6.42 %) diminished as harvesting age increased, but no differences were found 
for the levels of molasses. Total volati l e  fatty acids did not differ between the factors studied. 
Lactic acid was higher ( 1.29 vs. 0.82 %) for a lower cutting age, but did not differ between the 
extreme levels of molasses (Dominguez and Hardy, 1988). The chemical composition, in 
vitro organic matter digestion, rate and extent of in vitro neutral detergent fiber digestion, and 
intake, organic matter and fiber digestibility of four Cynodon species (including C. dacty/on) 
are shown in Tables 77-79 (Brown et al., 1988). 

Table 77. Chemical composition of four Cynodon species 

ltemh Cynodon variety·' 
Ona Cane Patch Puerto R�co Callie SEC 

Total N 1.4 1.3 1.5 1.3 0.12 
NDF-N 0.8 0.7 0.9 0.8 0.06 
ADF-N 0.2 0.1 0.2 0.2 0.04 
NDF 75.8 77. 1 79.4 79.5 0.79 
ADF 39.7 38.9 40.6 41.2 0.86 
HC 36.2 38.2 38.8 38. 3 0.53 
AOL 7.0 7. 3 6.0 7.7 0.22 
' Ona, Cane Patch, Puerto Rico star grass (()111odo11 11/en!fi1ensis Vanderyst var. 11/e111Ji1e11sis), 

Callic 35-3 Bennuda grass (Cy11odo11 dacty/011). 
0 N nitrogen, NDF = neutral detergent fiber, ADF acid detergent liber, I-IC hcmicellulose, 

ADL = acid detergent lignin (dry matter basis). 
' SE standard error of the mean. 

Intake, digestion and daily gain by cattle consuming Bennuda grass (BG) and receiving 
different concentrate supplements (ground com, vegetable  oil, urea, com gluten and blood 
meals) were studied. Fat mixed with grain may have lessened the deleterious effects of grain 
on fiber digestion by protecting the concentrate from ruminal degradation, but did not greatly 
affect performance. Supplementation with urea improved gains low-nitrogen BG, but did not 
affect digestion or daily gain with BG higher in nitrogen. Supplementation with ruminal escape 
protein sources improved daily gain, suggesting that with prior inclusion of other supplement 
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The results obtained from responses of grasses (including D. decumbens) to water stress, 
supported the hypothesis that water stress can lead to improved l ive weight gains during dry 
periods in the pasture-growing season. Water stress frequently leads to an increase in herbage 
digestibil ity because it modifies the chemical composition of the plant and delays both stem 
development and aging of younger leaves. This higher digestibil ity was supported by s tudies 
in which cattle grazed on N-ferti l izcd tropical grass pastures showed higher daily weight 
gains during the pasture growing season when conditions were dry rather than wet (Evans and 
Wilson, 1984). The study of the effect of biuret nitrogen and energy supplementation (5 % 
com meal, 25 % com starch and 25 % glucose) on the utilization of low qual ity digit grass (D. 
decumbens) hay revealed that supplementation with energy tended to decrease voluntary hay 
intake, but resulted in increased organic matter digestibil ity (Bustill os et al., 1981 ). Twenty­
four bul ls (3/4 Holstein x 1/4 Zebu hybrids) of - 16 month old and 238 kg live weight were 
used to study the effect of molasses or com in the protein supplementation to grazing bulls 
during the dry season. The treatments were: molasses with (A) 8 % urea; (8) 12 % urea; a 
dried protein supplement with (C) 20 % com and (D) 45 % com (Delgado et al. ,  1 980). In 
animals grazed pangola grass (D. decumhens), weight gains were: 531, 624, 549 and 632 g/ 
animal/day for treatments A, 8, C and D, respectively. Biological and economical results 
suggested the use of molasses with 12 % urea and l ibitum and 150 g/day of fish meal as 
supplement for growing-fattening animals consuming poor qual ity pastures (< 7 % of N x 
6.25) during the dry season (Delgado et al. , I 980). 

Records of milk yield, fat percent, body weight, reproduction and health of calving of 
cows were used for estimating the efficiency ofutil ization of tropical grass pastures (including 
D. decumbens) by lactating cows fed on grazing alone or grazing with various types of 
supplement (Yaznan et al. , 1982). 

Tricin and flavone C-glycosides were detected in several Digitaria species (e. g. D. 
adscendens, D. diagonalis, D. erlantha, D. milanjiana and D. perrotretii) (Harbome and 
Williams, 1976). Isoorientin was identified from D. adscendens (Kaneta and Sugiyama, 1973 ). 

The triterpenoids identified from culms and blades of certain Digitaria species were: 13-
amyrin and miliacin (838) from D. adscendens; !3-amyrin, miliacin, gcrmanicol and the methyl 
ethers of a-and !3 -amyrins and lupeol from D. violascens (Rizk, 1986). 

Meo 

838 Miliacm 

14.1. Digitaria sa11g11i11a/is (L.) Scop, Fl. Cam., ed. 2, I :52 ( I 771 ). 
syn. Pc111irn111 sa11g11i11a/e L., Sp. Pl. , ed. 1 ,57 ( 1 753 ). 

Dhifra, Dhifira (Ar.) 

Weak-stemmed annual ± glabrous grass 40-60 cm high. Culms erect-decumbcnt with well­
spaced long intcmodes 4.5-8 cm long with long leafshealth up to 11 cm long, glabrous except 
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towards the internodes, 5- to 6- noded to innorescence. In florescences of2-4 divergent slender 
digitate spikes 8- 1 2  cm long, green turning yel low at maturity; spikclets a pair: the lower 
sessi le and the upper pedicellated; rachis  fla ttened, wavy; spiklets fal l ing entire at maturi ty. 

Habitat and Distribution 

Common weed of lawns, gardens and moist ground occurring sporadically. 

Constituents 
The chemical compositions of D . .  w111g11i11a/is, growing in Equador, was as follows: crude 
protein I 0.4, neutral-detergent fiber 66. 7, acid-detergen t fiber 38.7, acid-detergent l ignin 5.66, 
si l ica 2. 79, cellulose 28.8 % and ni trate 1 1 36 ppm. The in vitro dry matter digestibi l i ty was 
68. 7 %. The plant contained the following minerals: Ca 0.41 , P 0.29, Mg 0.22, K 3. 1 1 %, Na 
0.02 %,, Fe 278, Cu 8, Mn 41 and Zn 28 ppm (Nuwanyakpa el al. , 1 983). 

The amino acid composi tion of D. sa11g11i11alis caryopses and leaves was: aspartic acid 
6. 1 ,  1 2. 3; threonine 3. 7, 5 .4; serine 6.0, 6.3; glutamic acid 23.8, 1 3. 7; pro l ine 7.5, 6.2; glycine 
2.7, 6.0; alanine 9.2, 7.7; cystine 0.9, 0.8; valine 4.5, 4.4; methionine 3.7, 1 .9 isoleucine 3.6, 
3.6; leucine 1 1 .7, 9.8; tryrosine 4.2, 4.5 ;  phenylalanine 6.1 , 5.7; histidine 2.0, 1 .9; lysine 2.2 
6.5; tryptophan 0.1 ,0.0 and arginine 1 . 9, 3.4 respectively (g % total amino acids). Total amino 
acids amounted to 1 1 .0 (protein content, g % fresh weight) (Yeoh and Watson, 1 98 1 ,  1 982). 

lnhibitional effects of D. sa11gui11alis and i ts possible role in old-field succession have 
been reported by Parenti and Nomian (1 969). Crab grass (D. sa11gui11alis) was prominent 
early in the first stage of old-field succession in central Oklahoma and southern Kansas, 
occurring sometimes in almost pure stands. However, it was one of the first species of that 
stage to be lost. It was postulated therefore, that crab grass might produce substances inhibi tory 
to i ts own seedlings and to seedl ing of associated species. Grains germination and seedlings 
growth of Amaranthus retrojlexus, Ambrosia elatior, Aristida oligantlw; Bromus japonicus, 
D. sa11g11inalis and He/iant/111s a1111u11s were inhibited by whole plant extracts, except for the 
gennination of Aristida o/igantha and B.japonicus grains. Decaying crab grass had no effects 
on gennination or growth of the test plants. Growth inhibi tors were apparently released by 
crab grass as root exudates and retarded the growth of most species tested. Three inhibi tors: 
chlorogenic acid, isochlorogenic acid and sulphosalicyl ic acid (839) were identified in whole 
plant extracts. Sulphosalicylic acid was found only in fresh extracts. It was concluded that 
crab grass was inhibi tory to many of the pioneer species of abandoned fields, including i ts 
own seedlings (Parenti and Norman, 1 969). 

Cyanogenic individuals in D. sa11g11i11alis have been recently reported (Aikman et al., 
1996). The plant was reported to be emetic (Watt and Breyer-Brandwijk, 1 962). 

839 Sulphosalicylic acid 
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15. ECHINOCHLOA P. Beauv. 

E.Jiwnentacea, known as Japanese banyard millet or bill ion dollar grass, is a grain and forage 
millet grown in certain parts of USA, E. deco111posit111n is the Australian millet, used as food 
by the aborigines of that continent. Other species of Echinochloa are grown for food in tropical 
Africa and in South America (Matz, 1 959; Hinze, 1 972; Casey and Lorenz, 1 977). I n  India, E. 

Jimnantacea is one or millets mostly used for food purpose, especially by low-income groups 
(Mal leshi and Desikachar, 1 985). 

The chemical composition of several Ec/1i11ochloa species has been reported vi=. E. 
Jiwnenlacea (Muralikrishna et al., 1 982; Mallesh i and Desikachar, 1 985), E. pyra111idalis 
(Henrici, 1 928), £. polystac/1ya (Howard-Will iams and Junk, 1 977) and E. 11/ilis (Hedges et 
al., 1 978). Takaki ( 1 976) stated that or the warm-season grasses, shikoku-bie (Ec/1i11oc/1loa) 
had almost the same nutritive characteristics, as the cold-season grasses. The proximate 
composition of the kernels of barn yard millet (E.Jiwnentacea) was reported by Mal leshi and 
Desikacher ( 1 985) as: protein 8.9, fat 4.3, crude fiber 7.8, ash 4.0 and starch 50.4 %. The 
nutritional value of E. polystachya was as follows: dry matter ( 1 7.4 %), ash ( I 0.9 %), protein 
(9.1 9  %), polyphenols ( 1 . 1 3  unit g· 1), cel l-wall (7. 1 9  %) and caloric value 3.92 (kcal g· 1 dry 
mass) (Howard-Williams and Junk, 1 977). The amino acid composition of £. crus-galli 
caryopses and leaves was: aspartic acid 6.7, I 1 .8; threonine 3.6, 5.2; serine 5.5, 6.0; glutamic 
acid 22.8, 1 4.5; praline 7.2, 5.9; glycine 3.2, 5.2; alanine 9.4, 7.8; cystine 1 .7, 0.8; valine 4.4, 
4.7; methionine 2.7, 1 .9; isoleucine 3.7, 3.5; leucine, 1 0.6, 9.2; tyrosine 4.5, 4.4; phenylalanine 
6.4, 5.6; histidine 2. 1 ,  2.0; lysine 2.7, 6.7; tryptophan 0. 1 ,0. 3  and arginine 2.7 and 4.2 (g % 
total amino acids). Total amino acids of caryopses and leaves amounted to 7.2 and 1 . 2 
respectively (protein content, g % fresh weight) (Yeoh and Watson, 1 98 1 ,  1 982). 

Starchy and non-starchy carbohydrates were isolated and characterized from sanwa (£. 
.fiwnenlacea ). The content of starch and sugars and in vitro digestion of starch by a-amylase 
in E.fiwnanlacea was studied by Krichnkumari and Thayumanavan ( 1 995). Gelatinized starch 
was highly susceptible to enzymic digestion when compared to ungelatinzed starch. The lipids 
of E. crus-gal/i amounted to 4.66 % of grains weight (Kandeel et al., 1 988). 

The mineral content of the shoots of£. polystachya was: Na 0.03, K 3.33, Mg 0.22, Ca 
0.29, Si 2.1 0 and P 0.1 5 (Howard-Will iams and Junk, 1 977). 

Japanese millet E. 11/ilis, which had high sulphur (0.45 %) and N (0.03) contents and very 
narrow nitrogen:sulphur (5. 71 : I), was easily acceptable to sheep in Australia. Its disadvantage 
was its very early maturity with subsequent poor regrowth (Hedges et al. ,  1 978). There are 
few reported experiments on animal production from Ec/1i11ochloa mil lets, although some 
reports indicated that they promoted higher l ive weight gain per head in sheep (Wheeler and 
Hedges, 1 972), and milk production in cows (Stobbs, 1 975), than sorghum. In certain 
environments the forage yield of Japanese mi l let (£. utilis) was reported as good as or better 
than those of the forage sorghums (Boyle and Johnson, 1 968; Dann, 1 970). 

Dried swine manure fertil ization increased the N, K20 and P205 content of Echinochloa 
(Akita and Matsuda, 1 977). In a pot experiment B, Cd, Cu, Ni, Sc and Zn were higher in 
Japanese millet (£. crus-galli cv . .fiwnentacea) on soils ammended with soft coal fly ash and 
municipal sludge ( 1 0  % wt/net) than on untreated soils. Ni and Zn were higher in plants on 
acid than on neutral soil, whereas Se was higher on neutral than on acid soils (Elfving et al., 
1 98 1 ). The effect of high water table (WT) in organic soil on yield and quality of aleman grass 
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E. polyslachia was studied by Pate and Snyder ( 1 978). Aleman grass, grown on high WT 
treatment, had almost 1 5  % less leaves (P < 0. 1 0) as a percentage of total plant dry matter, 
than plants grown on low WT treatment. The fibrous components of forage tissue were higher 
in plants grown under high WT. Both crude fiber and neutral detergent fiber were higher in 
leaf tissue from the high WT treatment. Calcium levels of tissues from high WT were much 
lower (P < 0.05) than those from the lower WT pots, but adequate to meet the requirements of 
grazing cattle. However, no consistent trends in plant tissue P levels related to WT treatment 
were detected. 

E. crus-galli can grow in standing water and helps in the l eaching of excess salts from 
saline soils. Being a C4, plant its growth was reported as fast and was very much relished by 
animals. The ability of E. crus-galli to maintain its tissue water content and selectively absorb 
K at high salinity could be the contributing factors for its high salt tolerance. E. crus-galli 
seemed to be a good candidate as a fodder plant for the economic util ization of highly salt­
affected soil s, where ponding may be necessary for leaching sal ts. Due to the relatively low 
total salt uptake, the plant could be directly consumed by animals without any health hazards 
(Aslam et al., 1 987). H igh sal t  tolerance of Australian channel mil let E. tumerana was also 
reported as a grain or a forage crop. As a forage crop, it displayed superior digestibility. It was 
suggested that the species could be exploited on marginal lands (Shannon el al., 1 981  ) .  The 
critical concentration for the gem1ination of E. hispidula was 1 .8 % (Kim, 1 980). 

The yield of wax from the panicoid grass (E. crus-gal/i var.jiw11e11lacea) was low (0.06 % 
dry weight) and there was no single major component. H ydrocarbons, esters, aldehydes, free 
acids, free alcohol s and the unidentified fractions (comprising many compounds) were 1 7, 
20, 1 2, I 0, IO and 31 % of the epicuticular wax respectively (Tulloch and Bergter, 1 980). 
Grains of E. crus-gal/i contained I 00. 3 mg % estrone (Kandecl et al., 1 988). The grains of the 
same species were reported to contain cholesterol, 24-methylenecholesterol, campesterol, 
campestanol, stigmasterol, sitosterol, sitostanol and isofucosterol (Takatsuto and Kawashima, 
1 998). Three 4,4-demethylsterols, eleven monomethylsterols and several steroidal 3-ones were 
found in the grains of E . .  fiwnentacea (Narumi et al., 2000, 2001 ) The triterpenoid crusgallin 
(840), campesterol, stigmasterol and � -sitosterol were also reported in E. crus-ga!li (Rizk, 
1 986). 

H ordenine, tyramine (841) and N-methyltyramine (842) were isolated from the grains of 
sanwa millet (E.fiwnenlacea) (Sato el al., 1 970). A variety of bamyard grass (E. crus-galli 
var. 01yzicola) contained very l ittle lrans-aconitic acid (Fukami, I 978). 

Aqueous extracts of E. crus-ga/li cotyledons inhibited gem1ination of£. crus-galli but not 
of wheat, tomato or cucumber. The inhibitory effoct was due to a lipoprotein (I), molecular 
weight 31 ,200, and a ribonucleoprotein (II) (molecular weight 30,900). Biological activities 
of (I) and (II), were attributed to their proteinaceous component, (20 % ofl and 1 8.2 % of II) .  
Predominant amino acids of the proteins included glutamate, aspartate, glycine and valine 
(Rusev and Atanasova, 1 98 1 ). The isolation of growth inhibitors from the embryo of£. crus­
galli has been reported. The active fraction of the inhibiting extracts contained equimolecular 
concentrations of asparagine, serine, pro l ine, alanine, histidine and valine (Atanasova el al., 
1 981 ). 

Malt ofbamyard millet (E.jiwnenlacea) grains was evaluated for its suitability in weaning 
food formulations. Ungenninated grains contained starch 77.9, free sugars 1 .2 and protein 8.2 % 
(Malleshi and Desikachar, 1 986). 

- - - - - -
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The use of£. coraca11a (ragi or finger mil let) as a foodstuff is well known. In India, it is an 
important staple food for locals belonging to the low socio-economic group. I ts use as infant 
and child feed is l imited because of its low digestibility and poor availabil ity ofnutrients. The 
possible nutritional advantages of sprouted ragi in the diets of infants and children were assessed. 
Of the three types ofragi flours assessed (whole, sprouted and vadragi), the growth promoting 
value of sprouted ragi was higher than whole ragi and vadragi flours. Vadragi can be 
recommended in the diets of weaned infants, because of its low fiber content, and sprouted 
ragi flour in the diets of pre-school children, because of its higher growth value, probably due 
to higher amounts of 8-vitamins (Hemanalini et al., 1 980). The food value of £. coracana 
was supposed to be approximately equal to that of wheat. The composition was ash 2.7, ether 
extract 1 .7, crude protein 8.4, crude fiber 3.4 and carbohydrates (by differences) 83.8 %. The 
protein consisted largely ofa prolamin or ethanol-soluble protein named eleusinine (Narayana 
and Norris, 1 928). The total protein of the grains of £. coracana was claimed to be of high 
biological value and digestibility (Niyogi et al. ,  1 934). The alcohol-soluble protein prolamin 
of finger mil let was 6.5 g/kg of flouer. About 6 % of the protein was present in the fonn of 
non-protein nitrogen (Pore and Magar, 1 979). Doesthale et al. ( 1970) reported that the protein 
level may vary from 5.6 to 1 1 .6  % for finger millet (£. coracana) varieties. Of the thirty-six 
varieties of £. coracana (from India), varieties from Kamataka showed a higher amount of 
protein ( I 0.6 %) (Pore and Magar, 1 977). The average protein content of E. coracana was 9.8 % 
(Ravindran, 1 991  ). Fennentation has been found to reduce total crude protein in ragi mil let 
(E. coracana) (Aliya and Geervani, 1981). The proximate composition, mineral composition 
and phytate and oxalate contents of E. coracana were suggestive of its protein as source of 
dietry nutrient (Ravindam, 1 99 1  ) .  

The chemical composition of stems, leaves and inflorescences of£. indica was respectively 
as follows: proteins 9.86, 1 0.40, 11 %, fats 2.25, 1 . 58, 1.46 % and ash 1 3.20, 12.80, 12.00 % 
(Raj war el al. , 1980). The nutritive value of£. indica was reported as follows: in vitro dry 
matter digestibility 67. 7 %, crude protein 12. 1 % neutral-detergent fiber 68.0  %, acid detergent 
fiber 36.5 %, acid-detergent lignin 5.55 %, cel lulose 27.0 % sil ica 2.80 % and nitrate 5677 
ppm (Nuwanyakpa el al. ,  1 983 ). The ratio total S: total N of E. tocusso grains is 1: 1 0. 3  (Orru, 
1 931a). 

The amino acid composition of some Eleusine species is shown in Table 84 (Yeoh and 
Watson, 1 98 1 ,  1982). 

Total dry weight of African mil let (£. coracana) was low at the early growth rate. The 
highest total sugar contents on the dry weight basis in l eaf sheath and culms were 24.5 % (just 
before heading stage) and 22.8 % (just after heading stage), respectively. Crude starch 
percentages in the different organs, except cars and culms were approximately 5 % or l ess 
(Miura and Nakabayashi, 1978). About 70 % of the carbohydrates, of hybrid varieties of E. 
coracana, were present in the fonn of starch and only about 2 % free reducing sugars were 
present (Pore and Magar, 1979). G lucosc, fructose and sucrose, were detcnnincd in £. coracana 
(Masaki and Ohyama, 1 978). In comparison of the native mil let, the mal ted finger mill et (£. 
coracana) contained higher l evels of free sugars (glucose, fructose and mal tose) and water­
soluble  non-starchy polysaccharides (WSNSP). The WSNSP of malted millet was richer in 
hcxoses than pcntoses (Mallcshi et al., 1 986a). The study of the carbohydrate constituents of 
four varieties of ragi (£. coracana) revealed that they contained a larger proportion of starch 
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(66.4-70. 2  %) than sugars (0.1 1 -0.3 1 ). The detected sugars were: glucose, fructose, galactose, 
maltose, sucrose, lactose and raffinose (Misra, 1 992a). Six different varieties of starch were 
obtained from E. coracana (Misra, 1 992b). Finger millet starch was found slightly resistant 
for amylolysis, as compared with pearl mil let and foxtail mil let (Malleshi et al. , 1 986b). 

Tub le 84. Amino acids of some E/e11si11e species 
Amino acids composition E. coracana . E. indica E. tristac/1ya .. 
£flotal amino acids caryo�ses caryopses leaf' leaf 
Aspartic acid 6.6 7.3 1 2.2 1 2.1 
Threonine 4.4 4.5 5. 3 5.4 
Serine 6. 1 5.8 5.7 5.7 
Glutamic acid 22.8 24.3 1 5.3  1 4.7 
Praline 7.2 6.8 6. 1 6.3 
Glycine 3.5 3.4 5.5 5.7 
Alanine 6.6 6.5 8.3 8.6 
Cystine 1 .5 1 .0 0.8 1 .2 
Val ine 5. 3 5.2 4.3 4.3 
Methionine 3.5 3.5 2.0 1 .7 
lsoleucine 3.6 3.7 3.3 3.4 
Leucine I 0.5 9.9 9.0 9.3 
Tyrosine 4. 6 4.4 4.4 4.4 
Phenylalanine 5.9 5.9 5. 3 5.5 
Histidine 2. 3 2.3 1 .8 1 . 6 
Lysine 3.3 3.7 6.7 6.5 
Tryptophan 0.2 0.0 0.5 0.5 
Arginine 2.0 2.9 3.6 3.3 
Total amino acid (protein 5.8 7.9 2.9 1 .6 
content) (g % fresh wt) 
• Ycoh and Watson ( 1 98 1  ), " Ycoh and Watson ( 1 982). 

Finger mil let (£. coracana) varieties contained a high amount of Ca and was a good source 
of P. The Ca:P  ratio was high as 2: I in some varieties (Pore and Magar, 1 977). Much of P was 
in the phytic acid (843) fonn (Pore and Magar, 1 979). Ash mineral contents of E. corca11a 
were reported by Joshi and Joshi ( 1 979). The mineral composition of£. i11dica was as fol lows: 
Ca 0.92 %, P 0.29 %, Mg 0.24, K 2.47 %, Na 0.04 %, Fe 298 ppm, Cu 6 ppm, Mn 48 ppm and 
Zn 51 ppm (Nuwanyakpa et al., 1 983). 

C6H6[0PO(OH)2Js 

843 Phytic acid 

Ramachandra et al. ( 1 977) studied the relationship between tannin levels and in vitro 
digestibility in finger mil let (£. coraca11a). 111 vitro protein digestibil ity values of low tannin 
varieties were higher than those of high tannin varieties. The dry matter digestibility of African 
millet (£. coracana) was higher than in Rhodes grass (C/,/oris gayana) (Kawamura el al., 
1 979). 
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The evaluation of£. indica as fodder plant has been reported (Prakash el al . ,  1 978; Rajwar 
el al., 1 980). 

Neutral lipids, glycolipids and phospholi pids ( 1 .3 %,, 0.25 % and 0. 1 0  '¾, of grains weight) 
were isolated from the total l ipids of finger millet grains (£. coracana) and 4 sterol-containing 
l ipids were further isolated. All 4 sterol l ipids contained 80-84 % P-sitosterol, the remainder 
being stigmasterol (Mahadevappa and Raina, 1 978). The total l ipid content (5.2 %), comprising 
free, bound, and structural l ipids of grains finger millet (£. coracana) was 42.3, 46.2 and 1 1 .5 '% 
respectively. The nonpolar l ipids (NL) consisted of glycol ipids (GL) and phosphol ipids (PL). 
The study revealed that esteri fied sterylgycerol, monogalactosyl diglycerides, and digalactosyl 
d ig l ycerides in G L ;  and ph os phat idy lcho l ine ,  phos phatidy le thano lamine,  and 
lysophosphtaidylcholine in PL.  Linoleic, oleic and palmitic acids were the chief constituents 
in a l l  the li pid classes. Linolenic acid was present in appreciable proportions in PL (Sridhar 
and Lakshminarayana, 1 994). 

In a survey of leaf navonoids in six Eleusine species: £. a.fi-icana, E. compressa, E. 
coracana, E. Jlocc(/olia, £. mult(/lora and £. trislachya, twenty phenolic compounds were 
detected. Those identified were: orientin, isoorientin, vitexin, isovitexin, saponarin (844), 
violanthin, lucenin- 1 ,  and tricin (Hilu el al., 1 978). 

glu-0
�

0 � ;} OH 

� I I 
glu 

OH 0 

844 Saponarin 

Eleusine species are known to produce HCN. A briefreview of cyanogenesis of th is genus 
was given by Tjon Sic Fat ( 1 977). Triglochinin was isolated from inflorescences of£. coracana, 
E. Jndica and £. trislachya (Tjon Sic Fat, 1 977, 1 978). Other data concerning HCN content in 
Eleusine species (including £. indica) were also reported (Zinsmeister et al. , 1 980; Aikman et 
al., 1 996). 

1 6. 1 .  Eleusi11e compressa (Forssk.) Asch. el Schweinf. ex C. Chr., Dansk Bot. Ark. 4(3): 1 2  
( 1 922). 
syn. Ochthoch/oa compressa (Forssk.), Hilu, Kew Bull. 36(3):560 ( 1 98 1 ). 

Nagam (Ar.); Goose grass (En.) 

Rhizomatous perennial grass with prostrate branches spreading over large areas producing 
tufts of erect growth. Inflorescences digitate star-shaped; spikelets pale green-yellow. Flowering 
and produces new shoots with the onset of rains. 

Habitat and Distribution 
Widespread on sandy mounds and shallow depression. Most common in central Qatar. Plant heavily 
grazed almost to the ground level. 

- - -- ----=--- - �-----=------- ------== ---- -- -- --.-=-=--- - - - -- - ------
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Constituents 

The proximate analysis, amino acids, fatty acids and minerals of£. compressa, collected from 
differen t local ities in Qatar, are shown in Tables 1 75- 1 78 (AI-Easa, 2OO2a-d ). The 
unsaponifiable matter of the l ipids contained sterols (36.24 %), hydrocarbons (29.9 1  %), 
al iphatic alcohols ( 1 9.2 1  '%), 4-methylsterols (2.29 '%) and triterpene alcohols ( 1 2.34 %). The 
hydrocarbon fraction COnSiSted Of: C2J :0' 1 .09; C2411, 1 .82; C25 0, 5.47; C2(, 0' 3 .65; C27.0, 1 2.77; 
c2'):0' 1 8.6 1 ;  CJO O' 8.03 ; CJ l ·O' 22.63 ; squalene, 9.85 and others 1 6.06 '%. The alcohol c2X O 
represented the main component of the alcohol fraction (70.45 %), other constituents were 
c20 0 I. 70; c22 I) 4.55; C21 O' 1 .1 4; c2.):II' 5. 1 1 ;  c26:0' 6.82; c27.0' 5.68 and others 4.55 '%. The sterol 
fraction contained B-sitosterol (59.04 '½1) stigmasterol (23 .50 '%) and campesterol (1 5.66 %) 
(AI-Easa et al., 2002). 

E. compressa, growing in Pakistan, contained 1 .1 - 1 .7 % lipids, 3 1 .  7-33.5 % fibers, 6.8-8. 7 % 
proteins, 38.7-45.8 % carbohydrates and 7.0-9.4 % ash (Mal ik and Khan, 1 971 ). Data about 
the trace mineral constituents in the leaves of this fodder plant in India have been reported 
(Nanda et al. , 1 970). 

The effect of season and rainfall on herbage production and nutrient composition ofEleusine 
(probably  E. compressa)-Aristida in India has been studied. There was more reserve 
carbohydrates in below ground biomass during the winter season as indicated by a low above 
ground biomass/below ground biomass weight ratio. N and P concentrations in different plant 
parts varied with the season and rainfal l .  A significant positive relation was observed between 
rainfall and above ground biomass / below ground biomass ratio of N and P. Uptake of N and 
P had a significant positive correlation with above ground biomass yield. On average, 0.76 1 
kg N/ha and 0.1 49 kg P/ha were required to produce I quintal of above ground biomass 
(Aggarwal et al., 1 977). 

Investigation of the flavonoid constituents of the plant revealed the presence of lucenin- 1 ,  
tricin and three unidentified compounds (Hilu et al., 1 978). Flavonoid data, as do morphological 
observations (Phill ips, 1 972; Hilu and de Wet, 1 976), suggested the exclusion of the perennial 
E. compressa from the genus Eleusine (Hilu et al. , 1 978). 

Phytochemical screening of the plant, growing in Qatar, revealed the presence ofalkaloids, 
coumarins, flavonoids and sterols (Rizk et al. , 1 986a). 

1 7. ERA GROS TIS P. Bea vu. 

Weeping and boer love grass (£. curvula) and lehmann love grass (E. lehmanniana) have 
been reported as species that can be of value to cattlemen for conservation and for forage 
production. In some semi-arid areas, weeping love grass can be effectively used as intensively 
managed pasture. In some arid areas weeping, boer and lehmann lovegrass have been used 
effectively  for revegetation of rangelands (Voigt et al., 1 986). E. curvula is a useful pasture 
grass in parts of the Southern Plains of the United States, in Argentina, and in South Africa. Its 
excellent seedling establishment and wide adaptability have been well recognized (Vogel, 
1 970; Voigt et al., 1 981  ). 

The nutritive constituents (proximate chemical analysis) of several Eragrostis species have 
been reported viz. E. abyssinica (Borgatti, 1 938b), E. curvula (Voigt et al., 1 970, 1 98 1 ,  1 986), 
E. lugens (Girola, 1 9 1 8). £. minor, E. superba (Honcamp and Zimmem1ann, 1 9 1 5; Du Toit et 
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al., 1 934; Strickland, 1 973) and £. le.fl (Orru, 1 931 b; Borgatti, 1 938a; Bondi and Meyer, 
1 943; Mengesha, 1 966, Rizk, 1 986). An analysis of forty-five species in Argentina and Uruguay 
were reported as early as 1 9 1 8  by Girola. 

The flour of £. teJl has been used to prepare cakes (Massa, 1 935 ). In times of severe 
famine, the grains of E. cl,/oro111ales were used by Southern Sotho to make bread and in the 
preparation of beer (Watt and Breyer-Brandwijk, 1 962). Although the grains of E. t�fl are 
small (< 0.002 g), they constitute an imporiant part of the staple diet of Ethiopians, part icularly 
in the urban areas. Their protein content ranges from 6 to I O '½> and they were reported as high 
in iron and cal cium (Lester and Bekele, 1 98 1  ) . Mengesha ( 1 966) studied the chemical  
composition of two strains of teff (£. t�lf) and reported that both had - fold more Ca and 2-4 
fold more Fe than wheat, barely and grains sorghum. E. abyssi11ica was suggested as a good 
food for white man in the tropics and could be used in place of wheat if preparation methods 
were improved (Borgatti, 1 938b). 

The amino acid composition of grains proteins was detennined for eleven cul ti var accessions 
of E. tejf"and ten accessions of related wild species (£. barrelieri, E. bicolor, E. cilia11e11sis, E. 
c11rv11la, E. diplac/111oides, E. 111exica11a, E. minor, E. papposa and E. pilosa). The eleven 
cultivars were found similar but quite distinct from the various wild species. In general ,  the 
wild species had smaller grains and a higher proportion of protein, but the cultivated species 
had more lysine. The amount oflysine in the protein was positively correlated with the amount 
of glycine, arginine, aspartic acid and threonine, but negatively correlated with glutamic acid, 
isoleucine, leucine and praline. The grains of wild species contained possibly a protein more 
rich in glutamic acid but oflittle nutritional value. Glutamic acid is one of the main components 
of Eragrostis grains proteins, constituting approximately 23-25 % of the protein in teff and 
26-31  % in the wild species (Lester and Bekele, 1 98 1  ). The amino acid compositions of the 
caryopses of some Eragrostis species are shown in Table 85 (Yeoh and Watson, 1 98 1  ) .  

The forage quality of weeping love grass strains has been extensively studied. Voigt et al. 
( 1 970) found strain 8 1 3 (an introduction of"Ern1elo") and strain 994 (later released as 'Morpa') 
to be higher in cel lulose and lower in l ignin than the strain selection 673 and a fourth strain 
selection, respectively. Morpa produced higher animal gains than common teff and 673 cultivar 
(Voiget et al., 1 970; Shoop et al., 1 976). Froseth ( 1 970) studied two cul ti vars ofteffin Argentina, 
and he did not find any signifi cant differences in crude protein or in vitro dry matter 
disappearance (IV DMD) from clipped samples but did find differences in crude protein and 
in vitro digestible organic matter from esophageal samples (Voigt et al., 1 98 1  ). Holt and 
Dal rymple ( 1 979) found that "Morpa" and "Renner" tended to be higher than common teff in 
IVDMD with Em1elo being intennediate but variable. Voigt et al. ( 1 98 1 )  reported the forage 
qual ity of fou r  curvula type weeping love grasses. Their results indicated that on an overal l  
basis significant differences were not detected in a l l  the stages of growth, but were detected 
for important forage quality characteristics such as IVDMD, cel lulose and l ignin. The mean 
performance of four lovegrasses when harvested by initial growth or subsequent regrowth 
interval was as fol lows: IVDMD (56.6-58. 1 %), protein ( 1 6.9- 1 7.5 %) cel l  contents (26.4-
27.5 %), hemicellulose (33.6-36.3 %), ash ( 1 . 9-2.2 %), cel lulose (29.0-30.8 %), l ignin (5 .5-
6.3 %) and dry matter (28.0-31 . 7 %). 
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Table 85. Amino acid compositions of some Eragrostis species 

Amino acids E. be11tlw111ii E. ct,/oromelas E. cilia11e11sis E. dielsii £. Cll/'\11//a 
composition 

12/total amino acid L" c· c· c· L" c· L" 
Aspartic acid 1 4.0 6.7 6.8 6.0 1 2.3 5.6 1 1 .9 
Threonine 5.0 3 .9 4. 1 3.4 5.3 3 .6 5.4 
Serine 6.2 5 .7  6.3 5.5 6.2 4.5 6.3 
Glutamic acid 1 3 .4 27.0 24.7 3 1 .4 1 3 . 1  36.0 1 3.5 
Prolinc 5 .7 6 .6 6.7 6.2 5.8 5. 1 6.0 
Glycine 5.5 2.9 3.6 2.6 5.7 3.2 5.9 
Alanine 8. 1 6.2 6.4 6. 1 8.4 5.0 8.6 
Cystine 0.9 2.7 1 .8 1 .2 0.9 1 .2 0.8 
Valine 4.4 4.4 3.8 4.0 4.4 4.9 4.6 
Methionine 1 .9 4.5 5.4 3 .9 2 . 1 2.8 1 .8 
l soleucine 3 .3  3.2 3 .2 3 .4 3 .3  3.4 3.5 
Leucine 9.4 8 .3 8.3 8.6 9.3 8.5 9.7 
Tyrosine 4.6 5.3 5.2 5.6 4.7 4.9 4.7 
Phenylalanine 5.6 6.0 5 .8 6.5 5.6 4.9 5.8 
Histidine 1 .6 2.0 2.2 1 .9 1 .9 1 .9 1 .6 
Lysine 6.4 2.3 3 .0 1 .8 6.7 2. 1 0.4 
Tryptophan 0. 1 0. 1 0.0 0.0 0. 1 0 . 1 0.0 
Arginine 3.8 2.3 2.5 1 .7 4.3 2.4 3 .7 
Total amino acid 3 .8 1 0.2 8 . 1 I I. I  1 .9 9.7 2.6 
(protein content) 
(g % fresh wt) 

C, caryopscs; L, leaves;· Ycoh and Watson ( 1 98 1  ); .. Ycoh and Watson ( 1 982). 

Relatively poor forage quality could seriously limit the usefulness of weeping and lehmann 
love grass within their present areas of adaptation (Voigt et al., 1 986). Low summertime 
palatabil ity l imits the usefulness of lehmann grass on Arizona rangelands (Cable, 1 97 1  ). 
Although good animal perfonnance was obtained from weeping lovegrass (Shoop et al., 1 976; 
Cotter et al., 1 983), weight gains were frequently less than other wann-season grasses (Duble 
et al., 1 97 1  ). Poorer perfonnance was associated with low in vitro dry matter digestibility. 
Voigt et al. ( 1 986) evaluated the variabil i ty for digestibility, palatability, and forage weight 
among relatively winter-hardy selections of£. curvula and £. leh111a1111ia11a. In their study, the 
gennplasm of £. curvula and E. leb111a1111ia11a was divided into 4 types: curvula, confcrta, 
short chloromelas and cold-hardy lehmann. Differences among types were significant for al l 
the characters studied. Curvula type showed the widest range in palatabil ity (Voigt et al., 
1 986). Both Leigh ( 1 96 1 )  and Johnston and Aveyard ( 1 977) suggested that curvula type was 
among the least palatable of the love grasses. However, the results of Voigt et al. ( 1 986) for 
relatively winterhardy gem1plasms, suggested that this was not always true, and the results 
were consistent with those reported by Leigh ( 1 967) in that the curvula type can be among the 
most productive. 

In weeping love grass, crude protein and in vitro dry matter disappearance (IVDMD) 
declined with increase in the stage of growth (Fraps and Fudge, 1 945; Diaz et al., 1 972; 
Denman et al., 1 953 ;  Strickland, 1 973). Seasonal trends showed that both characteristics 
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decl ined from spring to late summer (Savage and 1-lcl ler, 1 947; Duble et al., 1 971 ) and that 
the forage quality of four love grass strains, showed that from jointing to anthesis IV DMD 
decl ined at 0.46 'Y.. units per day. Fol lowing the initial harvests, IV DMD continued to decline 
at 0.02 'Y.. units per day during the remainder of the summer, despite equal interval regrowth 
harvests. Similar patterns were observed for crude protein and cel l  contents. Hemicel lulose 
also decreased from jointing to anthesis but increased during regrowth harvests, while cel lulose 
and permanganate l ignin increased from jointing to anthesis and showed only l ittle seasonal 
changes during regrowth harvests. Changes in forage quality characteristics across the stages 
of growth were much greater than those in the cul ti vars suggesting that even with irrigation to 
minimize moisture stress and with equal age of regrowth, IVDMD tended to decline at about 
0.2 % units per day from June through August (Voigt et al. , 1 98 1 ) . In vivo digestibility of£. 
curvula cv. Tanganyka, decl ined at 0.08 percentage units per day (Marchi et al., 1 973 ). The 
more rapid decline of crude protein early in the season reported by Voigt et al. ( 1 981 ) agreed 
with the results of Savage and Hel ler ( 1 947) and Farrington ( 1 973), who reported a sharp 
decline in N content associated with the onset of flowering in late spring. Significant differences 
in forage vigor and quality among the hybrids (e.g. 'Morpa ' weeping lovegrass hybrids) were 
higher in IV DMD than the common weeping lovegrass hybrids (Voigt, 1 984). 

The cel l  wall content of both leaves and stems of £. teJT has been found to increase 
markedly with age, corresponding to the decrease in forage digestibil ity. Detailed analysis 
concerning variations in chemical composition and digestibility of£. te_fflrns also been reported 
(Tables 86 and 87) (Morris, 1 980). 

Table 86. Molar ratios of cel l -wal l  components in £. teJT 

Days after Cel l  wall origin G lucose/xylose Xylose/arabinose Xylose/acetyl 
planting 

27 Leaf 1 .6 4.3 3.7 
27 Stem and sheath 1 .3 5 .8  3 .4 
28 Stem and sheath 1 . 4 5.1 2.7 
35 Leaf 1 . 7 4.3 3.3 
35 Stem and sheath 1 .2 5.7 3 . 1 
43 Leaf 1 .6 4.3 3 .9 
43 Stem and sheath 1 .3 5.2 2.9 
48 Leaf 1 . 4 4.5 3.7 
48 Stem and sheath 1 .3 6.8 2.4 
62 Leaf 1 .6 4.4 3 . 1 
62 Stem and sheath 1 .3 7. 1 2.1 
93 Leaf 1 .5 5.2 3.3 
93 Stem and sheath 1 .3 7.3 2.5 

Leaf cel l  wall s  from teff in the vegetative stain contain less than half as much galactose or 
uronic acid as the ryegrass (Lo!ium perenne) cel l  walls  (Morris and Bacon, 1 977), as well as 
having lower content of arabinose and glucose and a higher l ignin content. The vegetative teff 
cel l  wal ls  were over 70 % digested in nylon bags in the rumen. Changes with age in the cel l  
wall composition and digestibility of  the stem and sheath fraction may be  t o  a large extent 
indicative of differences in composition between the stem and leaf sheath (Morris, 1 980). 



Table 87. Cell-wall preparations of E. teff and their composition 

Days after Cellwall Cell wall Composition (% by weight of air-dry cell wall, sugars given as anhydro sugar) 3 
(") 

planting origin (% of Lignin Rhamnose Arabinose Xylose Mannose Galactose Glucose Uron ic Acetyl ::.: 

fresh acid 
wei ht f. -

27 Leaf 5.9 7.6 0.1 4.0 17 .4 0.3 0.5 33.9 2.2 1. 5 � 
27 Stem and sheath 5.9 8.7 0.1 3.8 21.8 0.2 0.4 35.2 1.9 2.1 :::l 

:r. 

28 Stem and sheath 8.1 8.2 0.1 3.8 19.5 0.2 0. 3 32.7 2.2 2. 3 = 
35 Leaf 8.0 10.2 0.1 4.0 17.3 0.3 0.6 34.8 2.1 1.7 0.. 

z 
35 Stem and sheath 8.8 11.3 0.1 4.1 23.0 0.2 0.4 34.7 1.9 2.4 -

:::. 
43 Leaf 14.7 7.4 0.1 4.1 17.8 0.2 0.5 35.7 1.8 1. 5 -

< 
43 Stem and sheath 15.1 8.9 Trace 4.0 20.6 0.4 0.4 32.8 2.3 2. 3 (? 

48 Leaf 17.5  8.2 0.1 4.1 18.3 0. 3 0.6 32.1 1_.9 1.6 � 
48 Stem and sheath 18.5 10.9 Trace 3.2 21.9 0.2 0.7 33.7 1.9 2.9 � 
62 Leaf ND 9.3 Trace 3.8 16.7 0.5 0.4 33.0 1.7 1.8 2., 
62 Stem and sheath 20.1 12.6 Trace 2.9 20.7 0.2 0.2 34.0 1.6 3.2 
93 Leaf 27.5 8.6 0.1 3.6 18.4 0.1 0.4 34.6 1.5 1.8 {J:; 

93 Stem and sheath 27.8 12.8 0.1 2.9 21.1 0.1 0.2 33.2 1.9 2.8 J2 
ND: not determined 

:::l 

•.;,; 

-.J 
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Mineral analysis of grains of two tcff varieties showed that the plant docs not have an 
exceptionally higher Fe content than other cereals. A series of sand culture experiments, 
conducted to study the Fe/Mn balance in the plant showed that the Fe content was within the 
range, but reciprocal relations existed between Fe and Mn in the plant (Mamo and Parsons, 
1 987). Acid washing (20 times with 2 % 1-ICI) of grains from 35 cul ti vars of£. /<:;/{showed 
that the Fe content decreased from 8.44- 1 2. 1 4  mg % to 5 .25-6.0 mg % (Bcsrat el al., 1 980). 
Cu and Sn contents ofE.ferr11gi11ea, which grow near railroads, in Japan, were high compared 
with plants at points further away from the railroad (Suzuki el al., 1 987). 

Boer lovcgrass (E. c11n111la var. co,!ferta) was found to be more drought resistant than 
weeping lovegrass (E. curvula), but was less productive and winter-gardy (Crider, 1 945). 
Wiltshire ( 1 980) found that the biomass of£. chloro111elas increased by increasing the water 
content in pots of soils derived from sandstone and from dolerite from 1 1  to 33 and I 00 % 
water-holding capacity and by increasing the soils N and P content to 2, 5 and IO times their 
originated levels. The response was larger to N at high and to P at low water levels. 

Epicuticular wax of E. curvula contained hydrocarbons (6 %), esters ( 13 %), acids (3 %), 
alcohols (4 %), tritriacontanone- 1 2, 1 4-dione (47 %), 5-hydroxytritriacontanone (1 4 %) as 
major components (Tul loch, 1 982a) and esters represented the major constituents of the 
epicuticular wax of E. tric/10ides (Tul loch, 1 984) . 

Several triterpenoids have been identified in Eragrostis spp. Examples of these are shown 
in Table 88. 

Species 
I. E. curvula 

2. E. ferruginea 
3. E. multicau/is 
4. E. tricl10ides 

MeO 

845 Arundoin 

0 

848 Fernenone 

Table 88. Triterpenoids of some Eragrostis species 

Triterpcnoids 
a-Amyrin, B-amyrin, anmdoin (845), 
cyl indrin (846), glutinol (847), lupcol, 
femenone (848), P-fcmcnol (849) and 
simiarcnol (850) 
B-Amyrin methyl ether and miliacin 
B-Amyrin and mil iacin 
a-Amyrin and B-amyrin 

·( 
Meo 

846 Cylindrin 

·( ·( 
HO 

849 Fernenol 

References 
Tul loch ( 1 982a); Rizk ( 1 986) 

Ohmoto et al. ( 1 968) 
Ohmoto and N ikaido (1972) 
Tulloch (1984) 

HO 

847 Glutinol 

·( 
HO 

850 Simiarenol 
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A wide range o f  variation in flavonoids and proteins was amongst 1 4  accessions o f  wild 
Eragrostis species (£. aethiopica, E. barrelieri, E. bicolor, E. cilia11e11sis (three accessions), 
E. c11rv11la, E. diplach11oides, E. beteromera, E. 111exica11a, E. minor, E. papposa, E. pilosa and 
E. viscosa) (Bekele and Lester, 1 98 1  ). The latter workers stated that when the flavonoid data 
were subjected to the principal component analysis, they showed a clear distinction between 
the wild species and the cult ivars, whereas Constanza et al. ( 1 979) found flavonoid 
chromatography of l i ttle value since there was much variation within as between the accessions 
of tef, and no pattern di fferences were found between £. aethiopica, E. 111acile11ta, E. pilosa 
and £. te1111ifolia. The protein and flavonoid data presented by Bekele and Lester ( 1 98 1 ), 
corresponded fairly with the morphological data (Jones et al., 1 978). However, it was obvious 
that the genus Eragrostis constituted a complex of species, which sti l l  require detailed study, 
postulate their evolutionary relationships (Bekele and Lester, 1 98 1  ). Tricin, tlavone C­
glycosides (including violanthin) were detected in several Eragrostis species including £. 
atrovire11s, E. curvula, E. borizo11talis, E. pa11ic(/or111is, E. pla11a and £. superba. Luteolin, 
luteoferol and a flavonoid sulphate have been also identified in some Eragrostis species (Kaneta 
and Sugiyama, 1 973; Harborne and Wi l l iams, 1 976). Five inhibitory compounds, which were 
tentatively identified as the phenolic compounds cinnamic acid, femlic acid, gallic acid, gentisic 
acid and syringic acid were detected in the root exudate of E. curvula. 

The presence of HCN in £. abyssi11ica (Zinsmeister et al., 1 980) and £. pla11a has been 
reported by Petrie ( 1 9 1 3). 

Hafeez ( 1 972) evaluated the suitabil ity of E. superba for pulp and paper manufacture. 

�COOH 

V 
B51 C1nnamic acid 

1 1. 1 .  Eragrostis barrelieri Daveau. in J. Bot . Paris 8:289 ( 1 89 1 ). 

Variable annual grass with long leaf blades. Inflorescences tenninal and axillary panicles; 
spikelets many-flowered, awnless, breaking up at maturity from down upwards leaving behind 
a persistent rhachilla; pedicels shorter than spikelets. 

Habitat and Distribution 
In ro<lats with dense tree growth and deep soil and a weed of cultivated land. Comparatively rare in 
Qatar. 

Constituents 
The amino acids composition of the grains of£. barrelieri, growing in Ethiopia, is shown in  
Table 87. The protein content of the grain flour amounted to 1 5.59 %.  (Lester and Bekele, 
1 98 1  ). Ten phenolic compounds were detected, by chromatography, in the leaves (Bekele and 
Lester, 1 98 1  ). 

Phytochemical screening of £. barrelieri, growing in Qatar, revealed the presence of 
alkaloids, coumarins, tlavonoids, saponins and sterols (Rizk et al., 1 986a). 
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1 7.2. Eragrosti.,· cilia11e11sis (Al l .) F. T. I-Jubb., Philipp . . I .  Sci. ( Bot.) 8 :  1 59 ( 1 9 1 3) .  
syn. Poa cilia11e11sis Al l . ,  F l .  Pcdcm. 2:246, t . 9 1 ,  I'. 2 ( 1 785); E. major (L . )  Host. Gram. 1 8 1  

( 1 802); E. megastacl,ya (Koci . )  Link, Hort. Bero I .  I :  1 8 1  ( 1 802). 

Annual grass with adventitious roots up to 1 5  cm high with leafy, bare and upright cu lms. 
Leaf blades l inear lanceolate. In florescences very dense, shiny, l ight green panicles; spikelets 
many on stunted pedicals appearing congested. 

Hubitut und Distribution 

Common as an agricultural weed. Occasional after the rains on sandy stony soi ls and associated with 
desert shrub. 

Constituents 

The amino acid composition of £. ci/ia11e11sis, growing in Australia, is shown in Table 85 
(Yoeh and Watson, 1 98 1  ). The protein content of the flour of E. cilia11e11sis, in Ethiopia, 
amounted to 1 2.4 1  % (2n = 20) and 1 1 .32 % (2n = 40 chromosomes). The amino acid 
composition of the same sample is shown in Table 89. 

Several phenolic compounds were detected, reaching up to nineteen in the tetraploid cultivar 
E. cilia11e11sis (Bekele and Lester, 1 981  ) .  

Table 89. Amino acid composition (percent of protein recovered) and protein composition 
(percent of grain flour) of some Eragrostis species 

Amino Acids E. barre/ieri E. cilianensis E. cilianensis E. pilosa 
diploid' tetraploid' 

Asparagine 5 .32 6.29 5 .48 6.04 
Threonine 3.59 3.55 3. 36 4.06 
Serine 4.81  4.83 4.5 1  4.63 
Glutamic acid 29. 1 2  28.69 30.48 27.67 
Proline 6.48 6.29 6.71 5 .95 
G lycine 2.95 2.50 2.47 3.2 1  
Alanine 5 .52 5 .88 5 .74 5 .38 
Cystine 0.90 0.89 0.62 1 . 1 3  
Valine 5 .45 5.56 5 .74 5 .48 
Methionine 4.23 3. 30 3.09 3.40 
lsoleucine 4.36 4.43 4.86 4.25 
Leucine 9. 36 9.43 9.28 8.22 
Tyrosine 3.72 4.60 4.77 4.72 
Phenylalanine 6.03 6.6 1 6 .45 5 .95 
1 l istidine 2.57 2.74 2. 30 2.64 
Lysine 2.05 1 .77 1 . 94 2.83 
Arginine 3.46 2.58 2.30 4.25 
Protein 1 5.59 1 2.4 1  1 1 . 32 1 0.59 
•x  1 0  chromosomes. 
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.1 7.3. Erugmstis pilmw (L. )  P. Beauv., Ess. Agrost. 1 62, 1 75 ( 1 8 1 2). 
syn. Poa pilosa L., Sp. Pl., ed. I, 68 ( 1 753 ). 

Indian lovcgrass (En.) 

321 

Slender tu fed annual grass with open lax panicles. Leaf blade slightly longer than leaf sheath. 
Inflorescences of few spikes with few spikelets. 

Habitat and Distribution 

Weeds of cul livation and arable lands. 

Constituents 
The protein content of the flour of E. pilosa, in Ethiopia, amounted to I 0.59 %. The amino 
acids composition of the same sample is shown in Table 89. 

Earlier evaluation of£. major and £. pilosa as fodder plants has been reported. The average 
composition of the two species was as follows: ash ( 1 2.8 %), crude protein ( 1 4.9 %), fat ( 1 .8 %), 
carbohydrates (42.8 %), crude fiber (27.6 %) and food ratio 1 .3 (Girola, 1 9 1 7) .  

Thirteen phenolic compounds have been detected in the plant (Bekele and Lester, 1 98 1  ) .  

18. HALOPYRUM Stapf 

18.1 Halopyr11111 11111cro11at11111 (L.) Stapf in Hook. le. Pl. 25, t . 2448 ( 1 996) .  
syn. Uniola 11111cro11ata L. ,  Sp., Pl., ed. 2, 1 : 1 04 ( 1 762); Eragrostis 11111cro11ata (L.) Dcflers, Bull. 

Soc. Bot. Fr. 34:69 ( 1 887). 

Coarse tough grass with l inear leaves and long culms with terminal raceme-like spicate 
inflorescences. Spikelets about I cm long (resembling Eragrostis) .  

Habitat and Distribution 
Though a species of coastal sand dunes, it is relatively rare in Qatar. Reprotcd as a good sand stabilizer 
and fodder grass in S. W. Salwa. 

Constituents 
Phytochemical screening of E. m11cronat11m, growing in Qatar, revealed the presence of 
alkaloids, coumarins, flavonoids and sterols (Rizk et al., 1 986a). 

Glycinebetaine content of E. mucronatum, increased with the increasing of NaCl 
accumulation in the plant (Khan et al., 1 998, 1 999). 

19. HORDEUM L. 

Other than Hordeum vulgare (cultivated barley), which has been extensively studied, there 
are relatively few reports on the other Hordeum species. In comparison with proso millet 
(Panicum miliaceum), leaves of barley (Hordeum distichon) showed higher levels of free 
amino acids and protein, while the roots showed a lower level of amino acids bound in the 

-- ---· -�-- - - -- ----� -- I 
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protein fraction and low levels of free amino acids (Edgar and Draper, 1 974). The study of the 
feeding value of the whole-crop of two-rowed barley (/-/. distic!,011), revealed that the 
digestibil ity of the silage crude protein, crude fat and crude fiber decrcascc.l with maturity 
( Kumai et al. , 1 995). The concentrations of Na, K, Ca, Mg and Cl in the grains of/-l. j11bat11111 

have been rcportcc.l as: 0 .33,  0.25, 0 . 1 3 , 0.03 and 0.07 (mmol g· 1 dry weight) respectively 
(Khan and Ungar, 1 996). 

The flavonoid, tricin, has been detected in /-/. disticho11 (1-Iarborne and Will iams, 1 976). 
1-lordenine, a phenylalkylamine alkaloid has been identi fied in both /-/. 11111rim1111 and /-/. sativ11111. 

Tritcrpcnoids e.g. arundoin, cylindrin and taraxerol were identified in H. 11111ri1111111 (Rizk, 
1 986). 

Cyanogens have been reported in some species of Horde11111 e.g. H. j11bat11111 (Aikman et 

al., 1 996). 

I 9. I .  Hor,leum 11111ri1111111 L., Sp. Pl . ,  ed. I ,  85 ( 1 753). 
syn. Hordeum gla11c11111 Steud., Syn. Pl. Glum. I :352 ( 1 854). 

Shaeer (Ar.); Barley (En.) 

Annual erect grass with l inear lanceolate leaves and long spicatc inflorescences. Spikelets 
with long awns, green turning to golden yellow on maturity. 

Habitat and distribution 
Sandy grounds near AI-Shahaneya and north eastern Qatar. Commonly near cultivated areas as a weed 
of agriculture and arable land. 

Constituents 
The grains of H. 11111ri1111111 contained 23.5 % protein and 1 .4 % fat (Duke and Atchley, 1 986). 

19.2. Honleum vulgare L. Sp. Pl . ,  ed. I ,  84 ( 1 753). 
syn. Horde11111 hexastic/1011 L., Sp. Pl. , ed. I , 85 ( 1 753); H. sativum Pers., Syn. Pl. I :  I 08 ( I 805). 

Shaeer (Ar.); Barley (En.) 

Annual medium-sized grass. Culms erect ending in spicate inflorescences. I nflorescences 
pale green ripening to golden cars; spikelets with long awns not breaking at maturity. 

Habitat and Distribution 
An escape of agricultural fields that has since become naturalized. Grains passing with animal droppings 
readily genninate with the onset of the rains. Widespread in all areas where animal pens exist in particular 
AI-Shahaneeya race grounds. 

Constituents 
The nutritive constituents (proteins including hordein, cdestin, an albumin called lcusosin and 
water-insoluble protein, starch, fat containing olcic, stcaric, l inolcic and linolenic acids, sucrose, 
raffinosc, porphyrin, several enzymes and others) have been reported by various investigators. 
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The prolamin (a group of proteins having high prol ine and glutamic content) of barley is 
called hordein and consists of a mixture of polypeptides. Amino acid analysis revealed that 
the two hordcin peptides BI and C2 were different in composition. The B 1 -hordcin contained 
about 5 times as much lysine as the C2-hordcin. It was furthermore higher in content for 
almost a l l  amino acids, which arc essential for human nutrition (Schmitt, 1 979). Hordcins arc 
dislinguishcd from the albumin, glolubin and glutclin families of protein by the fact that they 
arc soluble in hot ethanol but not in water or salt solutions (Baxter and Wainwright, 1 979). 
Hordeins have been generally subdivided into three groups, designated A, B and C. The A­
hordcins have a low molecular weight ( 1 2,500-20,000), higher lysine and lower glutamic acid 
and prol inc, than the other two groups (Mesrob el al., 1 970; Shewry et al., 1 977). The proportion 
of A-hordeins in high lysine barleys was unchanged or increased and that ofB- and C-hordcins 
were markedly decreased (Shcwry et al., 1 977). A-H ordeins did not seem to be located in the 
protein bodies (Holder and l ngvcrsen, 1 977; Salcedo et al., 1 980) and it was suspected that 
they were not reserve proteins (Shewry et al. , 1 977; Koie and Dol l , 1 979). Because of their 
amino acid compositions, which are outside the range of prolamins, their designation as A­
hordeins according to Aragoncil lo  et al. ( 1 981 ) was inappropriate and their chemical 
characteristics closely resembled those of the wheat chloroform-methanol proteins, which 
were also salt-soluble and hydrophobic. In general barely endospenn prolamins (hordeins) 
have been extensively investigated (e.g. Miflin and Shewry, 1 979; Cameron-Mil l s  et al., 1 980), 
most of the work has dealt with the 8- and C-hordcins, which are the main reserve proteins. 
The results obtained by Schmitt and Svendsen ( 1 980) suggested the presence of several hordcin 
polypeptides with very similar N-terminal sequences in the total hordein preparation. Cooke 
( 1 996) analysed the hordcin composition of 706 barely varieties from 1 5  different countries 
and found a total of 22 C-hordein and 26 8-hordein al leles. The ratio of B to C-hordeins was 
determined for a range of spring barely cul ti vars and the values obtained varied from I. 79 for 
Kneifel to 4. 1 5  for Goldmarkcr (Griffiths, 1 987). 

The amino acid composition ofH. vulgare leaves and caryopses was respectively as fol lows: 
aspartic acid 1 3.5, 5.5; threonine 5.5, 3. 1 ;  serine 5.2, 4.5; glutamic acid 14 .3, 28. 1 ;  prol ine 
5.3, 1 3.0; glycine 5.5, 3.6; alanine 6.9, 3.6; cystine 2.0, 1 .7; valinc 4.8, 4.4; methionine 1 .7, 
1 .5; isoleucine 3.2, 3.2; lcucine, 8.7, 7.7; tyrosine 4.0, 4. 1 ;  phenylalanine 5.5, 6.0; histidine 
2.0, 2. 1 ;  lysine 7. 1 ,  3.6; tryptophan 0.5, 0.2 and arginine 4.2, 4.2 (g % total amino acids). Total 
amino acids amounted to 4.1 and 3.2 respectively (protein content, g % fresh weight) (Ycoh 
and Watson, 1 98 1 ,  1 982). 

Drought stress caused a significant decrease of the grain yield ( 1 6  %), the protein yield 
(22 %) in mature grain and the protein content of shoots ( 1 8  %), leaves and stems, harvested 
before anthcsis. The l ignin content of shoots of stressed plants was markedly higher (20 %) 
than those of wel l-watered controls. Drought from the shooting to the heading stage caused 
changes in the patterns of soluble proteins (albumins, globul ins) from mature barely grain 
(Leinhos and Bergmann, 1 995). The maximum crude protein content ( 1 4.37 %) was observed 
when barley was cut repeatedly at the 4-leaf stage, whereas the minimum was at the early 
dough stage. Barley harvested at booting stage proved better for reasonable green-fodder 
yield (67.32 tonnes/ha), dry-matter yield ( 1 1 .66 tonnes/ha) and fodder quality ( crude protein 
1 0.33 %). At this stage sufficient quantity of fodder yield with moderate quality was obtained 
(Hussain et al., 1 995). 
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An arabinogalacto(4-O-methylglucurono)xylan has been isolated from the leaves of barley. 
The total hemicellulose isolated from the leaves of mature plants contained arabinose, galactose, 
glucose and xylose residues (in the molar ratio 1 .0:0.5:0.5: 3. 1 ), traces of rhamnose and both 
glucuronic and 4-O-methylglucuronic acids (852) (Buchala, 1 973). 

HO�
O

\ 
HO�OH 

MeO 

852 4-Methylglucuronic acid 

As for cyanogenesis in fl. l 'ulgare, the leaves of I 0-day seedlings yielded a cyanogenic 
glucoside identified as 2-f3 -D-glucopyranosyl-oxo-3-methyl-(2R)-butyronitrile (epimer of 
heterodendrin 853, 854) (Erb el al., 1 979). The HCN in primarily leaves and mature caryopses 
of five barley cultivars has been reported by Erb et al. ( 1 981  ) . 

. rH 
AO·glu 
H 

853 Heterodendrin 

. 1-9�" 
)'('CN 
H 

854 ep�Heterodendrin 

The surface l ipid hydrocarbons from barley heads were nearly al l  11-hentriacontane, whereas 
there were five major normal hydrocarbons with carbon numbers 25, 27, 29, 31 and 33 on the 
rest of the plant (i.e. stem, leaf and sheath). Hydrocarbons composed 1 2-17 % of the surface 
l ipids extract from heads and 5-7 % of the surface l ipid extract from the rest of the plant. A f3· 
diketone, probably  a mixture of 8- and 9-hydroxyhentriacontane- 1 4, 1 6-diones, was obtained 
in a yield of 23-30 % of the surface l ipids from glaucous barley. The f3-diketone gave on 
alkaline hydrolysis palmitic acid, myristic acid, heptadecan-2-one (855) and pentadecan-2-
one (856) (Jackson, 1 971 ). The culms and blades of H. vulgare yielded miliacin (Ohmoto et 
al., 1978). 

0 
� ,, 

855 Heptadecan-2-one 856 Pentadecan-2-one 

C-Glycosylflavones have been identified from H. vulgare. Many genotypes of H. vulgare 
have shown that the principal flavonoid constituents of the leaves were saponarin and a 7-
glucoside which on hydrolysis yielded an equilibrium mixture of saponaretin and vitexin 
(Seikel and Geisman, 1957). Another C-glycoside, lutonarin (857), has been isolated from 
barley (Seikel and Bushnell, 1959). Tricin, luteolin, in addition to C-glycosyltlavones have 
been identified from the leaves of H. vulgare (Kaneta and Sugiyame, 1973; Harbome and 
Williams, 1 976). Luteolin was among the major phenolics detected in the leaves of barley at 
stages IV, VII, and XI of ontogenesis. Apigenin, tricin, caffeic acid, tra11s-ferulic acid, cis­
ferulic acid, chlorogenic acid, tra11s-p-coumaric acid, p-hydroxybenzoic acid and o-coumaric 
acid were also identified in the leaves (Vilenskii and Shcherbakov, 1980). 
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P-carotene and leafxanthophyll of H. sativum were reported as 31. 7 and 84 ppm respectively 
(Miller, 1935). 

H. vulgare showed relatively good acetycholinesterase inhibition potency over 80 ° o  (Lee 
et a/. , 1997a). 

20. LAS/UR US Boiss. 

The chemical composition, as well as, the digestibility of a few species of Lasiurus have been 
reported (Gupta et al., 1975). 

20. 1 .  Lasiurus si11dic11s I lenrrard, Blumea 4:514 ( 1941 ). 
syn. Saccharum hirsl/111111 Forssk., Fl . Acgypt.-Arab. 1 6  ( 1 775); lasi11r11s hirs11111s (Yahl) Bois� . •  

Diagn. scr.2, 4: 1 46 ( 1 859). 

Dhaa, Da'ah (Ar.) 
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Species 
13.P maximum 

(Guinea grass) 

1 4. P. maximum var. trichoglume 
(green panic) 

1 5. P. miliaceum 
(broom com, cheena millet, 
common millet, hershcy, 
hog millet, panivaragu, 
proso millet, vari,) 

1 6. P miliare 
(little millet; samai) 

1 7. P obtusum 
(vine mesquite) 

1 8. P prionitis 
1 9. P pwpurescens 

(para grass) 
20. P queenslandicum 

(Queensland blue grass) 
21. P repens 

22. P stagninum 
23. P sumatrense 

(little millet) 
24. P virgatum 

( switchgrass) 
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Table 94. Cont. 
References 

Du Toit et al. ( 1 934); Kok et al. ( 1 943); Chicco and 
French ( 1 960); Perdomo et al. ( 1 976); Masaki and 
Ohyama ( 1 978); Chauhan et al. ( 1 980); Funes et al. ( 1 980); 
Yates et al. ( 1 98 1  ); Franca and Haag ( 1 985); 
Rosiles Martinez et al. ( 1 986); Shehu and Akinola ( 1 995); 
Smith et al. ( 1 995) 
Humphreys and Robinson ( 1 966); Okada ( 1 977); 
Masaki and Ohyama ( 1 978); Ford and Wilson ( 1 98 1  ); 
Wi lson ( 1 98 1 ); Wilson et al. ( 1 986) 
Ito ( 1 93 1  ); Bhide and Sahasrabuddhe ( 1 943); Edgar and 
Draper ( 1 974 ); Casey and Lorenz ( 1 977); Luis et al. 
( 1 982a,b); Prasad and Singh ( 1 983); Wilson ( 1 983b); 
Jiang et al. ( 1 993); Krishnakumari and Thayumanavan ( 1 995) 

Muralikrishna et al. ( 1 982); Saraswathy et al. ( 1 999) 

Pieper et al. ( 1 978) 

Hammerly et al. ( 1 982) 
Chicco and French ( 1 960); Appleman and Driven ( 1 962); 
Pena et al. ( 1 977); Hossain et al. ( 1 979) 
McMeniman et al. ( 1 986a) 

Kok et al. ( 1 943); Al-Saadi and Al-Mousawi ( 1 984); 
Wang et al. ( 1 999) 
Perrot and Tassilly ( 1908) 
Rajandran and Thayumanavan, (2000) 

Smith ( 1 979); George and Hall ( 1 982); Moore and Buxton 
(2000); Law et al. (200 1 )  

The term "millet" i s  used for several small seeded annual grasses that are of  minor 
importance in the Western world but staple diets of Africans, Asiatic people in many developing 
countries and contributes substantial amounts of energy and protein to their diets. Millet is 
consumed mostly in Northern China, India, Africa, and Southern Russia, where about 85 % of 
the crop is consumed directly as human food (Lorenz and Dilsaver, 1 980a). Millets can be 
cultivated in a wide range of soils and climates and arc of special importance in semiarid 
regions, because of their short growing seasons (Schery, 1 963; Lorenz and Dilsaver, 1 980b ). 
The four varieties of millet which are grown extensively in certain parts of the world include: 
proso (P. miliaceum ), finger (Eleusine coracona), pearl (Pe1111isetum typhoideum ), and foxtail 
(Setaria italica) (Luis et al., 1 982a). In India, millets are mostly used for food purpose, especially 



Seecies Crude Protein % 
I. P. australiense 10.6 
2. P barbinode 12 ' 

2.5 
3. P maximum 6.99-8.03 

(hay) 6.44-8.91 
1.68 

7.0-8.8 

3.4 
7.9-14.8 

4. P. miliaceu,il 
grains 10.7-12.9 
grains 15.10-16.68 
grains 14.95 
grains 10.9-12.0 

5. P miliare 8.8 
6. P repens 7.72-8.02 
7. P. maximum 11.9-21.8' 
• dry basis. 

Table 95. Nutrient composition of some Panicum species 
Fat % Crude Fiber % Ash % Carboh:tdrates % 
2.40 
2.9' 28.2' 11.2· 
0.63 2.10 8.13 

0.78-1.12 27.38 5.17-6.29 

0.58 2.53 10.91 

1.2 10.5 42.8 

3.1-4.0 2.61-3.79 
4.58-5.26 2.81-3.63 

3.7-5.2 6.1-6.9 3.4-3.6 

3.7 5.9 4.1 
1.5 21.6 4.40-5.09 

References 
James (1983) 
Mathur et al. ( 1957) 
Dominguez ( 1922) 
Kok et al. (1943) 
Laredo C. and Ardi la ( 1984) 
Dominguez (1922); Arroyo-Aguilu and 
Operta-Tel lez (1980) 
Henrici ( 1928) 
Gomide et al. ( 1979) 

Lorenz et al., (1976) 
Luis et al., (1982a) 
Prasad and Singh (1983) 
Malleshi and Desikachar (1985) 
Ravindran ( 1991) 
Malleshi and Desikachar (1985) 
Kok et al. (I 943) 
Devendra ( 1977) 
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by the people of low-incomc groups (Mallcshi and Dcsikachar, 1 985). P stag11i11um, a gramincal 
of the marshy regions of the Niger, is used by locals for food, and in the making ofa beverage 
(Perrot and Tassil ly, 1 908). Proso (P miliaceum) is the common millet, which has been grown 
since prehistoric times for human use. Dchul lcd proso can be consumed as a puffed cereal or 
cooked as a hot breakfast cereal. M i l let flour can be used as a partial substi tute in formulations, 
which call for wheat flour, to impart a distinct nut-l ike flavour (Hinze, 1 972; Lorenz and 
Hinze, 1976). P miliaceum, also known as hcrshcy, broom com, or hog mil let, is planted in 
some African countries as a food crop. I t  is also of economic importance in the United States. 
Many farmers in eastern Colorado and western Nebraska include proso in their three-year and 
five-year rotation systems (Lorenz and Dilsaver, 1 980b ). Flours from millet can be used to 
partially replace white flour in breads, cookies, and pasta products (Badi el al., I 976a,b; Skovron 
and Lorenz, 1 979). 

Proso millet is used in feeding rations, as bird grains, and also as human food (Hinze, 
1972). Luis et al. ( 1982a) have reviewed, determined, and reported the nutrient composition 
of proso mil lets (P miliaceum) in comparison to other feed grains, namely yel low com (Zea 
mays) and grain sorghum or milo (Sorghum bicolor). 

Plant age was the main factor affecting guinea grass (P maximum) nutritive value, which 
also varied with growth succession during the rainy season and growth intervals. Average 
values for in vitro dry matter digestibility, crude protein, P, Ca, Mg, Zn, Cu and Mn for the 
grass at 21 and 35 days ranged respectively from: 63. 3-58.4 %, 14.8-7.9 %, 0.24-0.15 %; 
0.45-0.3 7 %; 0.21 -0.16 %; 34-15 ppm; 19-18 ppm; and 299-246 ppm (Gomidc et al., 1979). 
Devendra (1 977) reported that the chemical composition of P. maximum, fed to goats and 
sheep at 5 stages of growth: 16-19, 21-28, 28-35, 35 -42 and 42-49 days, decreased with 
increasing maturity. The crude protein contents on dry matter basis were 21.8, 20.0; 16. 7, 
16.7; 13.2, 14.7; 12.5, 14.5; and I 1.5,  11.9 % at the five stages of growth respectively. 

The influence of cutting intervals on the chemical composition of P. purpurescens has 
been studied by Appleman and Driven ( 1962). Crude protein dropped by 50 % in 3 to 8 weeks. 
Crude fiber content was high after 3 weeks, but did not al ter noticeably after this. Po�- K, Cl, 
SO\ and ash content decreased with age. Ca, Mg and Na remained at the same level. The 
effect of cutting management on yield and quality of P. maximum has been also reported 
(Singh et al., 1995; Singh, 1996). Mean herbage K, in switch grass (P. virgatum) decreased 
from 1.09 % on 30 June to 0.82 % on 2 September, whereas herbage Ca increased from 0.37 % 
to 0.56 % (George and Hall, 1982). 

Hatch and Tainton ( 1995) found that the residual herbage mass at the end of summer was 
significantly related to cumulative summer grazing days, rainfall and range conditions (indexed 
as the sum of the proportions ofThemeda triandra, P. maximum and P. coloratum). The period 
of forage deficit during which herbage mass declined below a grazing cut-off of 1695 Kg ha- I ,  
was significantly related to  the residual herbage mass a t  the end of summer. 

The major chemical components in fall panicum were similar to those of com. Equally, 
there was no marked difference in the components of all panicum grown in paddy and upland 
cultivation conditions with the exception of the crude protein content. The N content  of the 
grass grown in upland cul tivation conditions was higher than those grown on paddy fields. 
The first cut silage was of poor quality due to low water-soluble carbohydrate content (Yashida 
et al., 1983). 

In comparison with barley, proso millet (P. miliaceum) was characterised by high levels of 
alanine and glutamic acid in the leaf free amino acid fraction (Edgar an Draper, 1974) .  P. 

. - � �- -�---�----- - ---- - - -



Chemical Constituents and Nutritive Values of Range Plants in Qatar 339 

111i/iace11111 was reported to be rich in lysine (Indira and Naik, 1 97 1  ). The grains of Panicum 
contained 1 9  amino acids, including all essential amino acids (Sokolova, 1 972). The amino 
acid compositions of some Panicum species arc shown in Table 96 (Ycoh and Watson, 1 98 1  ). 

The limiting amino acids in millets (including P 111iliace11111) arc lysine and sulphur­
containing amino acids (Casey and Lorenz, 1 977). The protein content and amino acid 
composition of P 111i/iace11111 and other millets compared favourably with that of corn and 
wheat (Table 97) (Casey and Lorens, 1 977). 

Table 96. Amino acids composition of some Panicum species 

Amino acids P antidotale P hicms P milloides P q11ee11sla11dic11111 
composition g/total Caryopses . Leaf' Caryopses . Caryopses' Leaf' Leaf'" 

amino acid 
Aspartic acid 7.5 14.0 6.8 6.6 1 1 .9 9.3 
Threonine 3.8 4.9 3.0 2.9 5.5 4.2 
Serine 5.8 5.7 5.8 5.7 5.8 5. 1 
Glutamic acid 22. 1 1 3.2 23.5 23.3 1 2.8 1 2.8 
Pral ine 7.8 6.0 8 .4 8.5 5.6 5.8 
Glycine 2.5 5.4 1 .9 2 . 1 5.7 5.4 
Alanine 8.5 8. 1 9.5 9.5 6.7 8.6 
Cystinc 1 .5 1 .0 0.9 0.9 6.9 I. I 
Val ine 4.7 4.5 4.4 4.5 2.9 5.8 
Meth ionine 2.3 2 . 1 3.6 3.5 5. 1 2.6 
Isoleucine 3.9 3.3 3.8 3.6 1 .9 4.2 
Lcucine I 3.4 9.0 1 2.4 1 2.6 3.6 9.9 
Tyrosine 3.9 4.4 4.6 4.8 9.3 4.2 
Phenylalanine 5.4 5.4 6. 1 6.0 5.0 5.8 
Histidine 2.0 2.0 2 . 1 2 . 1 5.8 2.2 
Lysine 2.2 6.4 1 .5 1 .6 2.3 7.3 
Tryptophan 0.7 0.7 0.0 0.0 6.5 
Arginine 2.0 4.2 1 .8 1.9 0.0 7.0 
Total amino acid 14.6 2.3 1 6. 1  1 3.2 1 .4 49 
(protein content) 
(g % fresh wt) 
' Ycoh and Watson ( 1 98 1  ); " Ycoh and Watson ( 1 982); "' McMcniman et al. ( 1 986b ). 

Two xylans have been isolated from the mature tissues of the tropical grass P. 111axi111u111 -
an arabino-(4-O-methylglucurono)-xylan and an acidic galactoarabinoxylan. Both consisted 
of a main chain of P-( 1 �4) linked D-xyloparanosyl residues (Buchala, 1 974). Hydrolysis of 
the hemicellulose from the leaf tissue of P. coloratum gave mannosc, in addition to arabinose, 
xylose, galactosc and glucose (Pitman et al., 1 98 1  ). The hcmicellulosc, cellulose and lignin 
content of Guinea grass (P. 111axi11111111) hay at 30, 45 and 60 days were respectively as follows: 
25.9, 32. 1 ,  30.6; 33.7, 34.7, 37.2 and 7.3, 7.3 and 8.8 % (Arroyo-Aguilu and Oporta-Tellcz, 
1 980). Cell wall composition ofa stable suspension ofproso millet (P. 111iliaceu111) cells was 
s imilar to those of the cell suspensions of other graminaceous species. Extraction of 
hemicelluloses yielded materials that, similar to those of embryonal cells of maize coleoptiles, 
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comprise mostly glucuronoarabinoxylan, xyloglucan and small amounts of( l ->3), ( 1 -->4)-P­
D-glucan. As in the walls of embryonal cells of the maize coleoptile, 5-arabinosyl and 3-
arabinosyl comprised much higher proportions of the total hemicellulosic sugars than in the 
walls of developed or elongated cells (Carpi ta et al., 1985). Trifluroacetic acid (TFA) hydrolysis 
proved to be the most useful for cell wal l  compositional analysis of forage grasses (including 
P. a111an1111 var. t1111ww11, var. amam/11111 and P. virgatu111). Residue from TFA hydrolysis 
resembled a pectin-free cel lulose fraction, and the hydrolysate contained stable neutral sugar 
monomers derived from hemicellulose (De Ruiter and Burns, 1 987b). Two non-starchy 
carbohydrates were isolated from P miliare and P 111iliace11111. Hemicel lulose A was a non­
cel lulosic glucan, whereas hemicellul ose B was composed of hexoses, pentoses and uronic 
acids in varying proportions (Mural ikrishna et al. , 1 982). 

Table 97. Amino acids composition of mil lets 1 

Amino acids Pe1111iset11111 Pa11ic11111 Setaria Corn4 Whole 
tvphoidcum2 111iliace111113 italica4 Wheat4 

Arginine 6 .2 3.2 2. 3 8. 1 4.3 
Cystine 1 .7 1 . 0 1 . 4 2.0 1 .8 
Histidine 2.4 2. 1 1 .2 2.6 2. 1 
lsoleucine 4.6 4.1 6 . 1 7.9 4.0 
Leucine 1 3.3  1 2. 2  1 0.5 9.9 7 .0 
Lysine 3. 1 1 . 5 0.7 3.3 2.7 
Methionine 2. 3 2.2 2.4 2.6 2.5 
Phenylalanine 4.3 5.5 4.2 4.0 5. 1 
Threonine 4.2 3.0 2.7 2.9 3.3 
Tryptophan 1 .8 0.8 2.0 1 .2 1 .2 
Tyrosine 4. 0 1 .6 2.0 4.0 
Val ine 5.5 5.4 4.5 5.3 4. 3 
Protein (%) 1 6.0 1 2.5 1 2.4 1 0.9 1 3.2 
' Grams of amino acid per 1 6  grams of nitrogen-dry basis; ' (Burton et al., 1 972); ' (Jones et al. , 1 970a); 
' (Mangay et al., 1 957). 

P miliacew11 starch had a higher water binding capacity and a higher gelat inization 
temperature than the wheat and rye starches. Millet starch was less soluble than wheat or rye 
starch at 60°C {Lorenz and H inze, 1 976). Starch isolated from P mi/iare exhibited single 
stage swell ing, moderately soluble in water (Muralikrishna et al., 1 982). 

Two forms of a-glucosidase, designated as I and II, have been isolated from grains of P 
miliaceum. The two enzymes readily hydrolysed maltose and malto-oligosaccharides, and 
native starch weakly. The two enzymes readily hydrolysed amylose l iberating a-glucose 
(Yamasaki et al. , 1 996). 

Lorenz and Hwang ( 1 986) studied the l ipid composition of tlours and brans of nine proso 
mil let varieties. Free l ipids in proso millet flours ranged from 3.20 to 4.06 % and in bran from 
3.45 to 6.84 %. Bound lipids ranged from 0.47 to 0.89 % and from 0.30 to 0.70 % in tlours and 
brans, respectively. Linoleic acid, oleic acid and palmitic acid were the predominant fatty 
acids in the free lipids oftlours and brans. These three fatty acids represented over 90 % of the 
fatty acids in proso mil let flour and bran. The major components of the free l ipids of tlours 
were triglycerides, sterols, free fatty acids and sterol esters. There were no qualitative differences 

- - - - - - - �---� 
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between the free l ipids of proso mill ets and those of barley, com, triticale and wheat. 
Phosphatidylcholine and digalactosyl diglycerides were the major components of bound l ipids. 
Other components tentativel y ident ified included phosphatidylserine, phosphatidyl­
ethanolamine and monogalactosyl diglycerides (Lorenz and Hwang, 1986). The total lipid 
content, comprising free, bound and structural lipids in P. 111iliaceu111, was 9.0 % (62.2, 27.8 
and I 0.0 %) (Sridhar and Lakshminarayana, 1994). 

The oil from bran of P. crus-ga/li var.fiwnentacewn (sawa-millet) amounted to 12.85 %. 
The wax, of which contained ceryl alcohol, a-hydroxydocosanoic acid (876) and erotic acid. 
The hydrocarbons of the oil consisted ofC2.,H60 and C_, 1 1-164 (Kitamura and Ohara, 1958) .  Leaf 
and stem wax of P. virgatu111 (switchgrass) contained hydrocarbons (4 %), esters (3 %), free 
acids (2 %), free alcohols (I %), triterpene alcohols (2 %), diketones (69 %) and hydroxy 13-
diketones (6 %) .  Principal free alcohols range in chain l ength from C26 to C12• 13-Diketones 
consisted almost entirely  of triacontane-12, 14-dione and the hydroxy 13 -diketone consisted 
onl y  of 5(S)-5-hydroxytritriacontane-I 2, 14-dione (Tul loch and Hoffinan, 1980). The principal 
components of the leaf waxes from P. 111iliaceu111 and P. texa11u111 were hydrocarbons, esters, 
aldehydes and alcohols. The major free alcohol was dotriacontanol. Free triterpene alcohols 
were also present, particu larly in the wax of P. 111iliaceu111. A mixture of an unusual 
triacylglycerols, with 1,3-ditetradecanoyl-2-hexanoylglycerol as principal component, was a 
minor component (5 %) of the wax from P. texanum (Tul loch, 1982b). 

22 

876 «-Hydroxydocosanoic acid 

COOH 

OH 

Two triterpenes, 13 -amyrin and mil iacin, and sterols (J3 -sitorsterol, stigmasterol and 
campesterol) were identified from the culms and blades of P. dichotomifloru111. The grains of 
P. coloratwn contained over 6 % (of the sterol fraction) cholesterol (Ohamoto et al. , 1970). 
S'-Avenasterol (877) in addition to J3-sitosterol, stigmasterol and campesterol were detected 
in the grains (Bowden and Williams, 1971 ). Miliacin, 11-octacosanol, J3-sitosterol and 13-sitosterol 
13-D-glucoside were isolated from P. miliare (Saraswathy et al., 1999). 

HO 

877 ,',9-Avenasterol 

P. pw7J11resce11s contained enough carotene to meet the nutritional requirements of cattle 
(Pena et al., 1977). 

Harbome and Wi l l iams (1976) investigated twelve Panicu111 species, and found them to 
contain flavone C-glycosides, and tricin was detected in ten of the twelve species. Flavonoid 
sulphates were identified in only five species; quercetin and kaempfcrol were found in onl y  P. 
procurrens and luteoforol and apigiforol were detected in P. maxim11111. 
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grains; i t  was deficient in lysine, tryptophan, threonine) and the S containing amino acids. The 
alcohol-soluble prolamins were generally poor in lysine and other nutritionally critical amino 
acids. Prolamins were relatively rich in glutamine and prolinc. Because the prolamins arc a 
major fraction of the grain protein, most cereals were deficient in lysine, tryptophan, etc. 
(Hoscncy and Varriano-Marston, 1980). Percentages of the total protein of pearl millet extracted 
with successive solvents of water, 6 % salt, 70 % cold ethanol, 70 % hot ethanol and 0.04 % 
NaOH were 13 %, 8. 7 %, 33.3 %, 7 % and 9.1 % respectively (Narayamutri and Aiyer, 1930). 

The distribution of nitrogen in the protein fractions of several pearl millet varieties was 
studied. In all the samples analysed, the prolamins and glutelins predominated, accounting for 
about 60 % of the protein present. The albumin fraction averaged 15 % and the globulins 9 %. 
The proportions of the different fractions varied among cultivars. The prolamin and glutelin 
fractions ranged from 21 to 38 % and from 24 to 37 %, respectively, of the total protein 
present (Sawhney and Naik, 1969). The analysis of pro Jamin and two globulin fractions from 
pearl millet for arginine, histidine, cysteinc and lysine showed considerable differences in the 
amino acid composition of the two globulins. The lysine content of the prolamin fraction (2.5 
%) was essentially equal to the lysine content of the total protein. The amino acid analyses for 
4 protein solubility classes (albumin, globulin, prolamin and glutclin) from one pearl millet 
sample were reported. As expected, compared to prolamin and glutelin fractions, the albumins 
and globulins contained higher concentrations of basic amino acids such as lysine, argcnine 
and histidine, as well as the sulphur-containing amino acids. Prolamins were found to be rich 
in glutamic acid, prolinc, and leucine as well as tryptophan. Pearl millet pro Jamin apparently 
differed markedly from that of other cereals in being unusually high in tryptophan; although 
like other cereals, pearl millet prolamin was rich in glutamic acid and proline and deficient in 
lysine (Hosency and Varriano-Marston, 1980). Bailey and Sumrell ( 1980a) concentrated about 
70 % of the pearl millet protein in two fractions that, as a composite assay of 78 % protein. 
The resultant could be a useful as a protein ingredient in food. 

Kurein et al. (1971) reported that supplementation with L-lysine increased the protein 
efficiency ratio (PER) of P. typhoides diet to a highly significant extent, from 2.40 to 3.38. 
Addition of threonine or methionine or a mixture of both along with lysine did not bring about 
any further increase in PER. By rat feeding, lysine supplementation to pearl millet (P. glaucum) 
was found to raise the portcin efficiency ratio to approximately that obtained with Animal 
Nutrition Research Council (Jansen et al., 1962). 

Amino acid analysis of grains of P. typhoides, grown in Saudi Arabia, indicated the presence 
of at least 17 amino acids including most of the essential ones. They were also characterised 
by the presence of sutlicient quantities of essential amino acids and limiting amino acids. 
Comparison with the results reported by FAO/WHO, the grain proteins showed that the essential 
amino acid leucinc was highest, while isoleucine and valine were within the range, but threonine, 
lysine and the sulphur containing amino acids were lower. These results indicated that these 
grains have a good nutritive value (Basahy, 1996). 

Shekhawat et al. (1980) studied the accumulation of the aromatic amino acids phenylalanine, 
tryptophan and tyrosine in healthy and Sclerospora graminicola-infected P. typhoides. These 
amino acids were highest in diseased tissues as compared to healthy ones. The amounts were 
highest in the green-ear initial stage, followed by suppressed car head and completely 
proliferated ear heads. Ashraf et al. ( 1981) found the total concentration of free amino acids 
was greater in the roots of P. typhoides infected with S. graminicola. 
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The amino acid composition of certain Pe1111iset11111 species is shown in Table I 00. 

Table 100. Amino acids composition of some Pe1111iset11111 species 

Amino acids p p p p p 
alopccuroides a111crica1111111 clandestim1111 111 a c ro 11 r 11111 typhoidcs 

L" c·· L" L" L"" 
Aspartic acid 1 1 .9 9.5 1 0.40 1 1 .4 1 2. 3  1 1 .0 
Threonine 5.4 3.4 4.80 5. 3 5.2 4.8 
Serine 6 .3 5. 1 5.73 6. 3 6.4 5.8 
Glutamic acid 1 3.2  23.9 23.0 1 2.7 1 4.4 14 . 1 
Pro line 6.4 7. 1 7.88 6.7 5.9 5.5 
Glycine 5.8 2.7 3.59 5.5 6. 1  5 .4 
Alanine 7.6 8.9 9.70 7.4 8. 1 7.9 
Cystine 1 .4 1 . 3 3. 1 5  3.0 0.7 1 .9 
Valine 4.2 4.2 7 .03 4.5 4.9 4. 8 
Methionine 1 .4 1 .9 2.05 1 .5 1 .8 2.3 
Isoleucine 3.4 2.7 5.54 3.6 3.6 3.7 
Leucine 9.8 1 3. 1  1 2.4 9.6 9. 1 9.3 
Tyrosine 4.8 3.3 3.83 4.6 4.2 4.4 
Phenylalanine 5.9 5.2 6. 1 2  5.7 5.5 5.5 
H istidine 2. 1 1 .9 2.05 1 .8 2. 3 2.2 
Lysine 6.9 2.7 3. 1 9  6.9 6.5 6.3 
Tryptophan 0.2 0. 1 3.26 0.2 0.0 1 . 0 
Arginine 3.4 3.0 5.30 3.3 3. 1 4.2 
Total amino acid 1 . 3 22.0 1 1 9···· 1 .9 1 .2 1 . 3 
(protein content) 
(g % fresh wt) 
C: Caryopses g '¼, total amino acids (Ycoh and Watson 1 98 I ); L: Leaves g '½,. of total amino acids; grasses collected 
from the field; •• grasses grown in the greenhouse (Yeoh and Watson 1 982); "' mg g dry weight of crude protein; 
""Dry matter (Glew et al., 1 997). 

In the four Pe1111iset11111 species, studied by Das et al. ( 1 978), stems had higher cel lulose 
content than the leaves, whereas hemicellulose was higher in the leaves in all studied species 
except for P. pedice/latum. Leaves of P. pedice/lat11111 and P. pwpureum had a high cellulose/ 
hemicellulose ratio (>I), whereas in P. orientate the leaves contained more hemicellulose 
than cellulose; almost equal amounts of both components were found in P. typhoides. In whole 
plant samples, the hemicellulose level (22. 7-24.6 %) was much lower than that of the cellulose 
(27.8-34.9 %), which resulted mainly from the much higher cellulose than hemicellulose 
content of the stems. According to Kamstra et al. ( 1 966), the hemicellulose fraction of kikuyu 
grass (P. clandestinum) contained xylose, arabinose, glucose, and galactose, with xylose 
accounting for the greater proportion of the sugars. Of the carbohydrates present in four varieties 
of elephant grass (P pwpureum), glucose and fructose were the most important free sugars. 
Glucose, fructose and sucrose constituted 74.2 % of the total soluble carbohydrates in the 
samples (Silveira et al., 1979). Five sugars (stachyose, ratlinose, sucrose, glucose, and fructose) 
were identified in nine pearl millet (P. americanum) cultivars. Sucrose was predominant in all 
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the cul tivars and ranged from 60-68 '% of the total sugars. Raffinose content was high as 
compared to other cereals (comprising nearly 25 % of the total sugars) and mal tose was absent 
(Subramanian et al., 1 98 1  ). A total free sugar content of IO mg glucose /g P. a111erica1111111 
flour was reported (Hoseney and Varriano-Marston, 1 980). 

Glucose, fructose, mal tose and a water-soluble non-starchy polyaccharide (rich in hexoses 
than pentoses) were characterised in pearl mil let (P. typlloides) (Mal leshi et al., I 986a,b ) .  
Starch from P. alopecuroides had a higher swelling power than did sweet potato starch (Fujimoto 
et al., 1 986). 

The sweet-stalked P. a111erica1111111 contained at maturity, more than twice the amount of 
soluble sugars than the normal types. The high sugar content in the mature stalks apparently 
makes them sweet, as can be identified by chewing them at the dough stage and onward (Rao 
et al., 1 982). The sweet-stalk types appeared to be good fodder types, because their yield had 
been shown to be mainly dependent on til ler number, leaf number and size, plant height, 
maturity and stem thickness (Gupta and Sidhu, 1 973). 

As in all cereals, starch composes the major carbohydrate in P. a111erica1111111, ranging from 
56 to 65 % of the grain (Freeman and Bocan, 1 973 ; Sheorain and Wagle, 1 973). Amylose 
contents varied from 20 to 22 % for 5 pearl millet cul ti vars (Badi et al., 1 976b ). Amy lose 
amounted to 1 7  % in starch from one pearl millet population. Because millet starch gave a 
peak viscosity similar to that of sorghum and com starch, it implied that pearl millet flour has 
a high amylase activity. Studies on sound millet indicated that amylase activity was 8- 1 5  
times greater than that reported for sound wheat (Sheorain and Wagle, 1 973; Hoseney and 
Varriano-Marston 1 980). Jain and Date ( 1 975) compared amylase activity in bajra mil let (P. 
typhoides) with that in barley and reported that it was higher in bajra. Pearl mil let starch has 
been shown to be more resistant than sorghum starch to attack by pancreatic a-amylase or by 
amyloglucosidase (Sul lins and Rooney, 1 977). 

Crude fiber values of whole pearl millet grain have been reported to range from 1 .96-3 .88 % 
(Carr, 1 961 ; Desikachar, 1 977; Reichert and Youngs, 1 977). 

The free l ipid content of pearl mil let cul tivars varied from 3 .03 % to 7.40 % (Shanna and 
Goswami, 1 969; Goswami et al., 1 969- 1 970; Rooney, 1 978). American cul tivars general ly 
have higher free l ipid content than cultivars from Africa or India. The composition of the free 
lipid fraction from P. typhoides, has been studied by several workers (Pmthi and Bhatia, 1 970; 
Badi et al., 1 976a; Pruthi, 1 981). Lipid of P. americanum grains amounted to 7.2 % and 
consisted of 85 % neutral l ipids, 1 2  % phospholipids and 3 % glycolipids. Neutral lipids 
contained mostly (85 %) triacylglycerols and smal l  amounts of mono- and diacylglycerols, 
sterols and free fatty acids (Osagi and Kates, 1 984). Triglycerides were found to be the major 
components of the free nonpolar lipids. Monogalactosyl diglyceride was the major component 
of the free polar lipids (Hoseney and Varriano-Marston, 1 980). Agarwal and Sinha ( 1 964) 
studied the fatty acids present in the free lipids of baj ra and found that oleic acid was the 
major fatty acid (53 .84 %), fol lowed by linoleic (34.88 %), palmitic ( I 0.8 %), stearic (0.28 %) 
and myristic (0.20 %). On the other hand, Jell um and Powell ( 1 97 1 ) studied 65 l ines of pearl 
millet and found that linoleic acid was the major fatty acid present (40.3 to 5 1 . 7 %) in the free 
l ipid fraction. Oleic acid ranged from 20.2 to 30.6 % and palmitic acid ranged from 1 7.7 to 
25.0 %. In addition, these authors showed that pearl millet l ines contained on the average 3.69 % 
l inolenic acid, 3 .9 % stearic acid, 0.64 % arachidic acid, and 0.55 % palmitoleic acid. The 
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latter data showed that differences in fatty acid values reported in the l iterature for pearl mil let 
not only were due to genetic differences and grains maturity but also they were affected by 
l ipid extraction procedures (1-loseney and Varriano-Marston, 1 980). The major fatty acids of 
P. cla11desli1111111 were: l inolenic (55.82 '½,), palmitic (2 1 .85 °1,,) and l inoleic acid ( 1 1 .90 '¾,) 
(Dugo el al., 1 98 1  ). The fatty acid content of P. a111erica1111111 lipid ( 1 1 5 mg/g dry weight) was 
as follows: c l4:0' traces; c l 6:0' 0.88; CH, I ' traces, C I X  o• 0.2 1 ;  c,. l n-9' 1 . 1 1 ;  c,� ,n <,' 1 .87; CI X:Jn-6' 
0. 1 7  and C20,0, 0.40 (mg/g dry weight) (Glew el al., 1 997). 

Pruthi and Bhatia ( 1 970) studied two Indian varieties of bajra and found that the bound 
lipids (extracted with water saturated 11-butanol) were composed of0.5 % of the mil let grain. 
On the other hand, the study of the bound l ipid content (0.58-0.90 %) for 18 samples of P. 
a111erica1111111, grown in Kansas showed that their free l ipid content ranged from 5.55 to 7.08 %. 
Unsaturated acids averaged 70.3 % of the free and 5 1 .7 % of the bound lipid fractions. Linoleic, 
oleic and palmitic were the principal fatty acids in both free and bound lipids. Trace levels of 
myristic and behenic acids were found in the free l ipids. Of the total bound l ipids, 1 .34-2. 16 % 
had an odd number of carbon atoms (C 1 3 ,0, C 1 5,0 and C 1 7,0). The total percentage of long chain 
fatty acids (C20,0 and above) was greater for the bound than for the free lipids (Lai and Varriano­
Marston, 1 980a). The major l ipid components of the polar, bound lipid fraction detected were 
phosphat idy lcho l i ne ,  stero l g lycosi des, and d i - and monogalactosyl g lycerides.  
Phosphatidylethanolamine, phosphatidylglycerol, phosphatidyl inositol, lysophosphatidyl­
ethanolamine, lysolecithin, phosphatidic acid, polyglycerophosphatide, and cerebrosides were 
also identified in the l ipids (Pruthi and Bhatia, 1 970; Lai and Varriano-Marston, 1 980a). 
Contrary to these results, Osagie and Kates ( 1 984) reported that lysophosphatidylcholine wa 
the major phospholipid ( 42 %) in P a111erica1111111 grains; smaller amounts of phosphatidyl­
choline (24 %), lysophosphatidylethanolamine (2 1 %) and trace amounts of phosphatidyl­
glycerol, phosphatidic acid, phosphatidylserine and phosphatidylinositol were also present. 
The l ipid content of 5 hybrids and I local (Indian) variety of pearl mil let ranged from 56.5 to 
66.5 mg/g. The polar l ipids varied from 1 2.0 to 20.0 mg/g but greater variation was noticed in  
the nonpolar l ipid contents. G lycolipids were the major polar l ipids and, triglycerides and free 
fatty acids were the main nonpolar l ipids (Vakharia and Chakraborty, 1 984). 

Pearl mi l let quality deteriorated quickly once it has been ground into a meal (Hoseney and 
Varriano-Marston, 1 980). Carnovale and Quaglia ( 1 973) suggested that the rapid deterioration 
in the quality of pearl mil let flour ( 16.3 % moisture) during storage for three months at 30°C 
stems mainly from the hydrolytic rather than the oxidative decomposition of lipids. These 
results contradicted other data by Nechaev et al. ( 1 973) who showed no change in the total 
ether extractable l ipids in mil lets during storage. Thiam et al. ( 1 976) suggested that although 
the l ipolytic activity occurred in millet flour during storage at 30°C at relative humidity 90-95 %, 
the major cause of qual i ty deterioration was microbial  fermentation. Propagation of 
microorganisms during storage resulted in the consumption of the sugars and the liberation of 
alcohols. Essentially no l ipoxygenase activity was found. Lai and Varriano Marston (1980b) 
described the organoleptic evaluations of stored pearl mi l let meal ,  which indicated both 
hydrolytic and oxidative changes in mil let l ipid components during the first week of storage. 

The silage from dry elephant grass (P. purpureum) showed lower lactic acid and butyric 
acid (884), as compared with silage from fresh grass. Compared to com si lage, elephant grass 
silage had higher lactic acid levels and higher NH/N ratio (Tosai el al., 1 983). 
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�COOH 

884 Butyric acid 

The stcrol fraction of P cla11desti1111111 contained cholesterol (4.59 %), campcsterol ( 1 2.45 %,), 
stigmastcrol (27.50 %), P -sitostcrol (53.8 1 %) and .15-avcnastcrol ( 1 .58 '1/ci) (Dugo et al., 1 98 1  ) .  
Stcrols of P a111erica1111111 consisted of campcstcrol, stigmastcro l and two unidentified stcrols, 
ocurring in the same proportions in the free and cstcrificd forms (Osagic and Kates, 1 984). 
Stcrol-containing glycolipids (stcrol glycosides and cstcrificd stcrol glycosidcs) were present 
in appreciable amounts in P typhoide11111 (Pruthi and Bhatia, 1 970). P typhoide11111, contained 
1 94. 7 mg/kg saponin (Sodipo and Arinzc, 1 985). 

The following compounds were identified in the volatiles of mechanically damaged P 
cla11desti11w11 (a host plant of the desert locust Schistocerca gregaria): 3-pentanonc (885), 
hcxanal, l -pentcn-3-o I, (£)-2-hcxenal, 4-mcthyl-3-pcntenal, hexyl acetate, (£)-3-hcxcnyl 
acetate, (Z)-3-hexenyl acetate, (Z)-2-hcxenyl acetate, hcxanol, (£)-3-hcxen-l -ol, (Z)-3-hcxcn-
1 -ol, and (Z)-2-hcxcn- l -ol (Njagi and Torto, 1 996). 

885 3-Pentanone 

Ash content in P a111ericw1w11 cultivars varied from 1 . 46 % to 3.88 % (Hoscncy and 
Varriano-Marston, 1 980). These values were high as compared to wheat, com or sorghum 
(Casey and Lorenz, 1 977). Some of the mineral constituents of pearl millet have been identified. 
The values for Na, Ca, Mg and Cu fall within the range reported for wheat. However, some 
varieties of millet contain very low levels of Ca. The Mn and Mo content of millet were 
considerably lower than those found in wheat while in many cases the P, K, and Fe content of 
the grain were considerably higher than values reported for wheat. High Fe values may be 
attributed, in part, to the equipment used to mill the grains prior to analysis (Hoseney and 
Varriano-Marston, 1 980). For example Carr ( 1 96 1 )  reported a Fe content of 46 mg / I 00 g of 
grain for pearl millet ground on a stone containing high Fe levels. High levels of Si and K 
were found in the covering layers while P concentrated mainly in the genn and about equal 
amounts of Fe were found in the gcm1 and the covering layers. The cndospcm1 portions 
exhibited low mineral concentrations and the predominant elements detected were S, K and 
Fe (Hoscncy and Varriano-Marston, 1 980). Some of the data of the minerals of pearl millet 
arc presented in Table IO I. 

The contents of9 mineral clements in P americanum flour and bread obtained from Jizan, 
Saudi Arabia were, respectively: Na, 1 7  and 1 02; K, 420 and 239; Ca, 22 and 23; P, 338 and 
250; Mg, 44 and 37; Fe, 3. 35 and 3.09; Zn, 1 .88 and 0.96; Cu, 0.68 and 0.55;  and Mn, 3.09 
and 1 .89 (mg/I 00 g) (Khalil and Sawaya, 1 984). The fodder plant, P typhoides had a sutlicicnt 
level of Se that was not toxic to livestock (Malik and Singh, 1 986). 

Giri et al. ( 1 987) reported that Cr and Sc levels in pearl millet were 0.004-0.007 and 
1 .540- 1 .868 mg/g respectively. 

�' -- --- -- - -
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Table I O I .  Minerals in pearl mil let (P a111erica1111111) 

Element mg/ 1 00 g . �1g/g" 
Na 2.2-4.9 1 4.1  
K 366-543 
Ca 7- 1 1 7  203 
Mg 7 1 - 1 5 6  1 220 
p 63 1 - 1 353 3050  
Fe 2 . 1 - 1 1 .7 35 .8 
Cu 0.42-0.58 nd 
Mn 0.66-0.92 1 4.8  
Zn 0. 1 0-3.8 29.5 
Mo 0.01 4-0.024 nd 

• (Carr, 1 96 1 ;  Gos,, mni el al., ( 1 969a,b); Shah amt Mehta, ( 1 959); 
lfoscncy and Varriano-Marston, ( 1 980); " G lew e/ al. ( 1 997). 
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The Ca content of kikuyu grass (P c/a11desti1111111) in the dry and wet seasons was 0.5 1  and 
0. 79 '% respectively, and was considered sufficient for grazing by lactating cows. H owever, P 
and Mg contents were insufficient (Laredo C. et al. ,  1 983). Staples ( 1 933) reported that P 
cla11desti1111111 contained SiO2-frce ash 7.44; CaO 0.90, MgO 0.44; Pp5 1 .62 and Cl 0.68 %. P 
c/a11desti1111111 had the highest K content at 36  weeks (0.54 %) (Gomide et al., 1 969). The Ca 
and P contents of stems and leaves of 2 1  varieties and hybrids of P pwp11rew11 varied from 
0. 1 8  to 0.44 and 0.29 to 0.57  % respectively (Rodriguez and Blanco, 1 970). Mineral 
concentrations of dwarf P p11rp11re11111 were higher in leaves for Ca and Fe, while stems had 
higher quantities of K, Mg, P and Zn. The mean mineral range in leaves is as follows: Ca, 
0.39-0.71 %; K, 2.3-3 .9 %; Mg, 0.1 6-0.3 I %; Na, 0.02-0.04 %; P, 0.32-0.50 %; Fe, 43- 1 1 7  
ppm; Mn, 1 5-56 ppm and Zn, 1 6-26 ppm. For stems, the values were: Ca, 0.2 1 -0.36 %; K, 
3 .3-5.2 %; Mg, 0.23-0.37 %; Na, 0.02-0.06 %; P, 0.41 -0.7 1  %; Fe, 20-65 ppm; Mn, 1 7-39 
ppm and Zn, 5 1 - 1 07 ppm. For hand plucked leaves, the values were: Ca, 0.25-0. 48 %; K, 
3 .07-4.46 %; Mg, 0. 1 6-0.2 1  %; Na, 0.03-0.05 %; P, 0.36-0.44 %; Fe, 43-71 ppm; Mn, 1 8-36 
ppm and Zn, 2 1 -28 ppm (Montalvo et al. ,  1 987). The ranges of variabil ity of some minerals in 
bajra grains (P typhoide11111) were: Ca, 0.020-0.69; P, 0.70-0.96 and Fe, 0.002 1 -0.01 1 7  % 
(Goswami et al. ,  1 969- 1 970). 

Thiamine and riboflavin content of0.22 mg/I 00 g and 0.26 mg/g, respectively, were reported 
for one sample of P america,111111. Hoseney and Varriano-Marston ( 1 980) indicated that there 
was little variabil ity in the riboflavin content among mil let cultivars with 1 8  studied cultivars, 
showing riboflavin contents ranging from 0.2 1 to 0.38  mg/ 1 00 g. They reported that these 
values were similar to those obtained from wheat. The level s of vitamins in the P a111erica1111111 
flour and bread, obtained from Jizan, Saudi Arabia were respectively: thiamine, 0.27 and 
0. 1 7; riboflavin, 0. 1 5  and 0. 1 1 ;  pyridoxine (886), 0.27 and 0.24; n iacin, (nicotinic acid and its 
amide (887) were often given the collective name "niacin") 0.89 and 0.87; pantothenic acid 
(888), I .40 and 0. 7 1 ;  folic acid 34.9  and 1 8.3 ;  and vitamin 8 1 2, 0.07 and 0.05 (µg/ 1 00 g). The 
concentration off3-carotene (< 0.0 I mg/g) was low in both flour and bread (Khalil and Sawaya, 
1 984). P ciliaris and P pwp11re11111 were reported to contain enough carotene to meet the 
nutritional requirements of cattle (Pena et al., 1 977). Horiharan et al. ( 1 965) reported a vitamin 
A content of 1 33 1 .U./ 1 00 g for their "poor pearl millet diet". 
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BB6 Pyridoxine (Vitamin B6) 
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R � 

� J  N 

116 Nicolinic acid, R = COOH 
BB7 Nicolinamide, R = CONH2 

BBB Panlolhenic acid 

Colour plays an important role in the consumer acceptance of millet grain (I loseney and 
Varriano-Marston, 1 980). Pearl millet varies widely in colour from off-white to dark brown 
and the most common colours are yellow and slate gray. In some parts of Africa, mi llet grains 
are soaked overnight in water containing sour milk or tamarind pods (Vogel and Graham, 
1 979) to alter the tlavour of the resultant products and also to whiten the grains. Reichert and 
Youngs ( 1 979) invest igated the phenomenon of millet bleaching and found that the 
discolouration was pH dependent. Soaking mi llet grain in a solution of 0.2 N HCI and citric 
acid was as effective as sour milk or tamarind pods in bleaching the grain. Further studies by 
Reichert ( 1 979) suggested that C-glycosyltlavonoids (glucosylvitexin, glucosylorientin, and 
vitexin in the ratio of 29: 1 1  :4) were responsible for the intense yellow-green discolouration of 
the flour in the presence of an alkali and may be responsible for the natural grey colour of the 
peripheral endosperm of the grain. The methanol-extracted millet flour also contained a 
substantial quantity of alkali-labile ferulic acid (ALFA). The concentrations of total C­
glycosyltlavones and ALFA were 1 24 and 1 58 mg/I 00 g, respectively, in whole grain, which 
decreased markedly on dehulling (Reichert, 1 979). Nutritional studies have shown that these 
C-glycosyltlavonoids were not as noxious as the tannins present in the tcsta layer of some 
sorghum varieties (Reichert et al., 1 980). Tricin and flavone C-glycosides were detected in P. 
alopecuroides, P. polystachyon and P. setaceum (Harbome and Williams, 1 976). 

Two pigment phenotype , purple and sun-red are common in P. a111erica1111111. Both 
constituents had similar anthocyanidins: cyanidin, delphinidin and pelargonidin, but their 
relative proportions were different. The purple had phenotype 2.6 % more of delphinidin, 
whereas the sun-red phenotype had 2.6 % more cyanidin (889). The proportion ofpelargonidin 
(890) was the same in both phenotypes (Raju et al .. 1 985). 

HO HO OH 

OH OH 

BB9 Cyanidin 890 Pelargonrdin 

Rao et al. ( 1 988) studied the distribution pattern of three biochemical constituents, viz. 
phenolic compounds, proteins, and esterase isoenzymcs in the leaves of 1 2  Pennisetum species. 
A total of 1 5  phenolic compounds, 23 protein bands and 1 9  estcrase bands were detected by 
paper chromatography in all  the species studied. Data of these 3 chcmotaxonomic characters 
were statistically analysed by cluster analysis, which grouped the 1 2  species into 5 distinct 
clusters. 

Pollen grains of pearl millet yielded p-hydroxybenzoic acid and cinnamic acid derivatives 
(Mathur, 1 969). 

- --- .. - -
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P typhoideum contained 194. 7 mg/kg dry weights saponin (Sodipo and Arinze, 1 985). 
Alkaloids have been detected in napier (P purpureum) (Ismail et al., 1977), pearl mi l let (P. 
americanllln) and a hybrid pearl mil let (P american!lln-Millex 24; Krejsa et al., 1 987). Kumar 
and Arya ( 1 978) estimated and identified the alkaloids produced by Claviceps fi1siformis on 
some varieties of pearl mi l let. The honey-dew and sclerotia contained 0. 1 82-0.364 % and 
0. 1 60-0.548 % respectively. The infected plants contained setoclavine (891 ), agroclavine, 
penniclavine (892), elymoclavine (893), chanoclavine and an unidentified alkaloid. 

� % 
� 

/ / / N N N 

OH � 
HO HO 

OH 

891 Setoclavine 892 Penniclavine 893 Elymoclavine 

Osman et al. ( 1 983) produced evidence that the millet in Darfur Province (Sudan), contained 
a goitrogenic thionamide, which could be a factor causing the endemic goiter in Darfur Province. 
Osman and Walker ( 1976) earlier reported histological changes in thyroid glands and distortion 
of the thyroid hormone pattern in mi l let-fed rats. Thyroid histological changes and alterations 
in thyroid hormone patterns of blood serum in pearl mi l let and fermented mil let-fed rats were 
reported by Klopfenstein et al. ( 1983 ). The latter authors stated that the mi llet's goitrogenic 
agent was apparently associated with both the bran and the endosperm fractions of the grain 
and might be related to the grains high mineral content. 

Calcium oxalate crystals were found i n  P cla11desti1111111 and were implicated in nutritional 
secondary hyperparathyroidism in grazing horses (McKenzie and Schultz, 1983). The oxalate 
apparently interferes with Ca absorption by the animals. Poisoning of horses by oxalate in  
mission grass (P. polystachyon) and napier (P. p!11p11rew11) was also reported (McKenzie, 
1985). The range of variabi lity for oxalic acid in bajra fodder was 1 . 1 9-2. 1 6  % of the dry 
matter (Goswami et al., 1 970c ). The oxalic acid of hybrid napier (P pwpureum x P. typhoides) 
fodder, decreased from 3.44 % at 60 cm height to 1 .63 % at the flowering stage (Raj and 
Mudgal, 1 968). 

Poisoning in cattle fed certain Pennisetl/111 species has been reported, in blood of young 
cattle, which i ngested large amount of elephant grass (P. p!llpureum ). High levels of metHbs 
were found ( 1 0.00-2 1 .06 % vs. 2.97-7 .41  % in controls). Twelve of 64 animals died after 
ingestion of elephant grass. Nitrates and nitrites were detected in the urine, rumen, and ocular 
fluids of the dead animals. The leaves and stems of elephant grass were found to contain 
5 1 9.0 and 1 732.0 ppm n itrates respectively which was much higher than those in the control 
sample of elephant grass (90 and 253 ppm in leaves and stems, respectively). The high content 
of n itrates in the grass was related to the previous crops and the animal's susceptibi l i ty to 
intoxication was enhanced by their young age and poor nutritional status (Guzman et al., 
1978). N itrate poisoning resulted in the death of 5 of a group of Kedah-Kelantan breed cattle 
fed on napier grass were described by Seiler et al. ( 1 979); the diet which consisted solely of 
napier grass fed by cut and carry system. Levels of nitrate in the toxic grass averaged 28.3 mg 
I g with some samples as high as 44 mg /g whi le in  similar grasses from non-toxic area was 
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tuberosa (Peruvian grass) was reported as fol lows: water 86, dry matter 14, l ipids 1.13, ash 
I. 7 and proteins 1.8 % (Schmitz et al., 1966). Earlier, Rogozinsky and Glowczynski ( 1935) 
reported that the grains of canary grass were similar to the ordinary cereals in chemical 
composi tion and digestibil ity. According to Adrian and Fragne ( 1970), P canariensis protein 
and com protein complemented each other to some extent, the former overcoming the deficiency 
of tryptophan in com. 

P tn111cata contained crude protein 16.9, crude fiber 28.95, l ignin 3.48, Ca 0.46, P 0.24, Si 
2.43 %, and carotenes 316.81 mg/kg (on dry weight basis). On the basis of these data and the 
digestibil ity and other properties, P tr1111cata seemed to be very promising for pastures on 
clay soils in Central and South Italy (Cenci and Sarti, 1971 ). Analysis of P nodosa or P 
bulbosa has been reported earlier by Lomanite ( 1915 ). 

Schwarz ( 1934) detennined the nutritional value of P arundinacea at the shoots appearance 
shoots, after blossoming and after maturity of the grains. The highest protein content (12.29 %) 
was found in cuttings made with the appearance of the shoots. The highest protein yield (770 
kg/ha) was found at the beginning of blooming. The protein content of the grain straw was 
about 1/3 higher than that of the planted stock and in the second year, the highest protein 
content was obtained (Schwarz, 1934 ). The whole grain of P canariensis was found to contain 
17. 75 % protein, with low lysine, methionine and threonine levels, but an average tryptophan 
level of 2.85 %. Tryptophan was contributed mostly by gliadin (Adrian, 1969). Robinson 
( 1978) found that P canariensis and Avena saliva differed significantly in e lemental 
composition of spikelets but not in stem or root composition. Data averages from 3 years and 
three localities in USA showed that canarygrass caryopses (82 % of the spikclets) had a total 
amino acid concentration of 19.25 % and a N to protein conversion factor of 6.71. The N 
conversion factor for canary grass spikclets (6.68) was based on spikelcts of 82 % caryopscs 
and 18 % hull. The data obtained by Robinson ( I 978) compared with data compi led by FAO 
( 1970), indicated that canary grass caryopscs had higher concentration of all eight essential 
amino acids (leucin, phenylalanine, valine, isolcucine, tryptophan, threonine, lysine and 
methionine) than did caryopscs of wheat and com and were higher than in the seeds of Pisum 
sativum and field bean (Phas(!()/1/s vulgaris) in tryptophan, cystinc and methionine. They 
were appreciably below the two pulse crops in threonine and lysine. The total amino acid 
concentration of I 9.25 % was exceeded only by tcosinte (Euch/aena mexicana) among 23 
cereal crops and was about the same as those of field bean, pea, faba bean ( Vicia faba), chickpea 
(Cicer arieti1111111), prote pea ( Vigna 1111g11iculata) and mung bean (Vigna radiata) (Robinson, 
1978). Amino acid concentration of canary grass caryopscs was also similar to that of dehul lcd 
sunflower, which had an amino acid concentration of20.38 % (Robinson, I 975, I 978). Canary 
grass caryopscs had higher concentration of all eight amino acids than did those reported for 
wheat (T ritirnm aestivum) and com (Zea mays). Al though the hulls of canary grass were 
found to be low in the concentrations of all amino acids, the proportions of most of these 
essential amino acids were higher in the hull protein than in the caryopses protein. The 
proportions of the non-essential amino acids, particularly glutamate, differed considerably 
between the hulls and the caryopscs (Robinson, I 978). 

D-Alanyl-D-alaninc was isolated from the leaves of 5 strains of P tubemsa by Frahn and 
I l lman (I 975), who found its content, was - 0.2 mg/g of the dry weight of the grass. 
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Bittner and Street ( 1 983) reported considerable amounts of arabinose, xylose, and uronic 
acids in acid-detergent residue of P ar111uli11acea and suggested the presence of a "linear 
xylan associated with cel lu lose in a manner sufficient to render the xylans resistant to dilute 
acid hydrolysis". P aquatica contained a l inear /3 -2,6-l inked series of fructans with a tenninal 
glucose residue (Bonnett et al., 1 997). 

Total I ipids amounted to 6.65 % of P ca11arie11sis grains. The same grains contained 1 31 .55 
mg % estrone (Kandeel et al., 1 988). The oil content of the grains of P am11di11acea (Lotti et 
al., 1 985) and caryopses of P ca11arie11sis (Robinson, 1 978) amounted to 4.25 and 6.03 % 
respectivel y. The unsaturated index (unsaturated fatty acid/saturated fatty acid) of P 
arundinacea, was 3. 78 (Saito et al., 1 97 1 )  and the fatty acid composition of its caryopses oil 
was: c,,1,0• 0.09; cl4 : I ' traces; c,s,o• 0.0 I; C I S: I '  0.04; c l(,:O' 8 .24; c 1 ,,: 1 '  0. 05 ; c l 7 0' 0.02; c l 7: I ' 
0. 06; c , K :O' 0.78; C I K  I ' 34.1 8; c,K:2' 52. 1 0; C I K:3' 4.00; c20:0' traces; c20: I ' 0.35 and c20:02' 0.08 % 
(Lotti el al., 1 985). 

Ash concentrati on of canary grass caryopses and husks averaged 4.69 and 20. 39 % 
respectively (Robinson, 1 978). 

Sherrel l ( 1 978) studied the sodium concentration of pasture species in New Zealand 
(including red clover, alsike clover, leucme, browntop, timothy, paspalum and kikuyu) grown 
as individual species under standard pot conditions. Phalaris was outstanding in that its Na 
concentration was double that of any other species. Robinson ( 1 978) reported that P canariensis 
and Avena saliva were similar in elemental composition (Table I 04). Canary grass florets 
were significantly higher than oats spikelets in the concentrations of N, P, S, Mg and Zn. 
Canary grass caryopses grains were much higher than the other grain crops in N and Fe and 
about equal in K. 

Table 104. Average elemental composition of spikelets, stems and leaves, and roots of 
mature canary grass and oat. 

Elements Florets Stems and Leaves 
Cannary grass Oat Canna!}'. grass Oat 

% 
N 2.96 2. 1 4' 0.70 0.62 
p 0.58 0.43" 0.1 3 0.1 2 
K 0.4 1  0.43 1 .41 2.00 
s 0.24 0. 1 7" 0. 1 8  0. 1 3  
Ca 0.04 0. 07 0.27 0.3 1  
Mg 0. 1 7  0. 1 4' 0. 1 3  0.1 4 
Na 0.02 0.0 1  0.40 0.28 

gig 
Sr 2 3 1 3  20 
Fe 67 68 1 44 1 94 
Zn 50  37' 1 7  1 0  
Mn 46 46 27 57 
8 2 2 1 2  7 
Cu 1 2  6 1 0  1 9  
Mo 4 4 6 6 
·. ·· Oat significantly lower than canary grass at the 5 and 1 0  % levels, respectively. 

Roots 
Cannary grass 

0.8 1 
0.1 5 
0.40 
0. 1 7  
0.30 
0. 1 1  
0.1 2 

1 7  
> 2000 

29 
I O I  

1 3  
5 

45 

Oat 

0.5 1  
0.23 
0.6 1  
0.1 5 
0.30 
0. 1 0  
0.20 

1 5  
> 2000 

44 
96 
21 
5 

46 
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Hulls of canary grass were lower than grains in all e lements reported except K, Ca, Na, 
Mn, B, Al and Cu. The average elemental concentrations in the husks were as fol lows: N, 0.78 '¼,; 
P, 0.07 %; K, 0.4 1  '¼, ; S, 0.0 I %; Ca, 0.05 '¼,; Mg, 0.06 %; Na, 0.03 '¼,; Fe, 55; Zn, 29; Mn, 53; 
B, 2; Al, 1 5; Cu, I and Mo, < 5 µg/g (Robinson, 1 978). 

The mean Pb content in P arundinacea, from non-contaminated areas in Poland, was 0 .36 
ppm (Sapek, 1 980). Read ( 1 980) studied the influence of temperature on nutrient concentration 
and tetany (hypomagnescmia) potential of harding grass (P acq11atic11s) .  Harding grass had a 
greater potential to produce grass tetany than tal l  fcscue (Fest11ca arundinacea) when grown 
on the Northern Blackland Prairie of Texas. 

Several alkaloids have been identified in Phalaris species including one phenol (hordenine ), 
indoles (gramine, 894) and derivatives of tryptamine (895), and derivatives of p-carboline 
(Rizk, 1 986). The following alkaloids were identified in P. ar1111di11acea: hordenine, nine indole 
alkaloids (gramine, N,N-dimethyl-5-methoxytryptamine (896), N,N-dimethyl tryptamine (897), 
5-methyl tryptamine (898), N-methyltryptamine, tryptamine, 5-methoxytryptamine (899), 5-
methoxy-N-methyl tryptamine (900) and bufotenine (901)) (Wilkinson, 1 958; Audette et al., 
1 969, 1 970; Woods and Clark 1 971  a; Wil l iams et al., 1 97 1 ;  Hovin and Marten, 1 975; Majak 
and Bose, 1 977; Majak et al., 1 978) and three carbol ines (6-methoxy-2,9-dimethyl- l ,2,3,4-
tetrahydro-P-carboline, 6-methoxy-2-methyl- I ,2,3,4-tetrahydro-p-carboline and 2-methyl­
l ,2,3,4-tetrahydro-P-carboline) (Audette et al., 1 970; Shannon and Leyshon, 1 97 1 ;  Vijayanagar 
et al. , 1 975; Gander et al., 1 976). About half of the clones, tested by Woods and Clark ( 1 971 a) 
failed to give a posi tive test for tryptamines, but the same clones gave a positive test for 
gramine. N,N-Dimethyl tryptamine, 5-methoxy-N,N-dimethyl tryptamine and bufotenine were 
isolated from P t11berosa (Culvenor et al., I 964). P. aq11atica (P tuberosa), sometimes contained 
2-methyl-6-methoxy- 1 ,2,3,4-tetrahydro-p -carboline and 2-methyl - 1 ,2,3,4-tetrahydro-P­
carboline (Frahn and O'Keefe, 1 97 I). Other investigations have revealed the presence of 
cardioactive N-methyl tyramine in P aq11atica cullivars, and alkaloids of unknown toxicity 
i.e., the oxindoles coerulescine and horsifoline, and the furanobisindole phalarine, in P. 
coerulesce11s cul tivars (Anderton et al., 2000). 
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In unclipped reed canary grass, gramine content rose to maximum at about the time of 
grain shedding. With regular cl ipping, the rise was more rapid and it continued into fal l .  The 
content of tryptamine alkaloids followed the same pattern as that of gramine (Woods and 
Clark, 1 97 1  b). Rendig et al. ( 1 970) reported that the concentrations of N,N-dimethyl-5-
methoxytryptamine ( from the leaves of P. aquatica) grown from grains differed considerably 
from that grown by vegetative propagation and suggested that the variation noted may have 
important ecological impl ications with reference to Plwlaris toxicity. Moore et al. ( 1 967) 
found that in P. tuberosa, grown under controlled temperature, light intensity, and NO3• supply, 
the concentrations and yield oftryptamine alkaloids increased with higher day-night temperature 
in full  sun and shade (28 'X, sunlight), and with increased NO3• in full night. Shaded plants had 
higher concentrations of alkaloids than unshaded plants at all levels ofNO3• supplied. Alkaloid 
concentrations responded linearly to temperature, but irregularly to NO3• supply. The dominant 
alkaloid was N,N-dimethyltryptamine. In field-grown plants, N,N-dimethyltryptamine, 5-
methoxydimethyltryptamine, and 5-hydroxydimethyltryptamine responded simi larly to 
reduction in l ight intensity, the former being the dominant indole alkylamine in plants grown 
in the phytotron and in the field (Moore et al., 1 967). 

Drought stress caused greater alkaloid increase, in P. aquatica, both in field and 
environmental chamber studies than did any other factor (N-fertil ization and radiation density) 
(Ball and Hoveland, 1 978). The mode of inheritance and genetic relations among indole alkaloid 
phenotypes of P. arundinacea was studied by Mamm et al. ( 1 979). 

Palatabi l i ty of reed canary grass genotypes was negatively correlated with total alkaloid 
concentration (Simons and Marten, 1 97 1 ;  Marten, 1 973; Marten et al., 1 973 ).  During mid to 
late summer, when alkaloid concentration was highest, l ive weight gain of grazing mminant 
animals was lowest (Jordan and Marten, 1 975; Marten et al., 1 976). Marten et al. ( 1 973) 
concluded that the relative alkaloid concentration among reed canary grass clones remained 
nearly the same when grown in diverse latitudes in U.S.A. Hovin et al. ( 1 980) compared 
alkaloid concentration of reed canary grass varieties grown in western Norway and central 
Minnesota (USA) and found that the Loken variety consistently had the lowest alkaloid 
concentration and produced less forage yield as compared with several other varieties and 
experimental strains. Accessions with low and high alkaloid concentrations were identified. 
Reed canary grass silage made with fom1ic acid as a preservative had about 78 % and the 
effluent about 1 4  % of the alkaloid concentration of the fresh grass before ensiling. The average 
dry matter of the silage was 1 9.6 % (similar to the grass before ensil ing) as compared to 3 .5 % 
for the effluent. The alkaloid concentration of the effluent was about six times higher than that 
of the si lage. The concentration of the alkaloids in the si lage tended to be higher at the bottom 
than at the top of the experimental soils. The alkaloid concentration of the silage after removal 
of the eflluent (Hovin et al., 1 980) appeared to be slightly higher than that of air-dried hay (59 %) 
as estimated from data reported by Donker et al. ( 1 976). 

Alkaloid concentration in reed canary grass was enhanced by moisture stress (Marten, 
1 973) and by the high rates ofN fertil ization (Marten et al., 1 974). Alkaloids were concentrated 
in the leaf blades of immature growth (Hegman et al., 1 975) and the alkaloid concentration 
was greatly reduced by drying the grass (Donker et al., 1 976). In several experiments, various 
cultivars of reed canary grass did not consistently differ in alkaloid concentration (Marten, 
1 973; Hovin and Marten, 1 975), but "Vantage" was unique in that it  was the only cultivar free 
oftryptamines (gramine was its only detectable indole alkaloid) (Marten et al., 1 976). Will iams 
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et al. ( 1 97 1 )  found that 5-methoxy-N,N-dimethyltryptamine was up to 1 8-fold higher in 
unpalatable c lones of P. aru11di11acea as compared to those pre ferred by grazing cattle. Marten 
et al. ( 1 976) conclusively showed that palatabil ity differences and their associated alkal oid 
concentration di fferences among reed canary grass (P. arumli11acea) genotypes (vegetatively 
propagated clones) had a substantial biol ogical significance for grazing lambs and steers. 
Total indole alkal oid concentration of reed canary grass was inversely correlated with average 
daily ga ins in lambs and steers over a 3-year period . Lambs grazing the high-alkal oid 
(unpalatable) pastures were consuming less grass dry matter than were the lambs grazing 
l ow-alkaloid (palatable) pastures. This finding was in agreement with other reports (Roe and 
Mottershead, 1 962; O'Donovan el al., 1 967; Simmons and Marten, 1 97 1 )  that voluntary intake 
was lower when sheep were obligated to consume unpalatable compared to palatable reed 
canary grass genotypes. Marten et al. ( 1 981 ) reported that the mean threshold level for indole 
alkal oid concentration in reed canary grass pasturage at or above which lambs would show 
reduced performance (reduced weight gain) was about 0.2 % dry weight. As the alkaloid 
concentration progressively increased beyond that level, the adverse animal performance 
became progressively greater. The latter authors also concluded that the sp. diarrhoea incidence 
specifically observed in lambs that grazed reed canary grass in other studies (Marten and 
Jordan, 1 974, 1 979; Marten et al., 1 976) was probably caused by the presence of tryptamine­
carbolines in the heterogeneous reed canary grass used in those studies. Ttryptamine-carboline 
free (gramine containing) would not incite diarrhea in lambs at the alkaloid levels present in 
cultivars such as Vantage (0.20 to 0.33 % gramine). 

The tryptamine alkaloids present in some reed canary grass lines were found to be potentia l ly 
toxic to sheep and cattle (Gallagher et al., 1 964, 1 967). Though Phalaris spp. are useful 
pasture components, yet they have been associated with neurological and sudden death 
intoxication syndromes. Despite agronomic development of Phalaris spp. to produce "low­
toxicity" cultivars, outbreaks of intoxication have continued to occur. These outbreaks could 
result from a combination of poorly understood environmental or animal factors accelerating 
the effect of low concentration ofknown toxic alkaloids. Alternatively, previously unrecognized 
alkaloids could have intrinsic toxicity (Anderton et al., 2000). Marten ( 1 973) reviewed reports 
(especial ly from Australia) suggesting that "phalaris toxicity" or "phalaris staggers" (an acute 
disorder of the central nervous system in sheep) and other ruminant disorders were associated 
with alkaloids in P. aquatica (P. tuberosa) and Phalaris hybrids. Administered tryptamines 
exert strong action on the central nervous system of sheep and interfered with the 
pham1acological functions (muscle contraction, cardiac activity, and brain function) ofa closely 
related compound, serotonin, which occurs natural ly in mammal s  (Gallagher et al., 1 964). 
They found that parenterally administered solutions of tryptamines or gramines caused heart 
failure and death of sheep, guinea pigs, rats, and mice. Also, gramine fed in synthetic diets 
(0.5 % or more gramine) was lethal to meadow voles (Micro/us pe1111sylva11icus) (Marten et 
al., 1 976). However, the latter workers did not detect symptoms of"phalaris staggers" during 
their two years study of P. an111di11acea. The tryptamines of P. arz111di11acea have also been 
impl icated in pasture-mediated bovine pulmonary emphysema (Pannar and Brink, 1 976). 

Meadow voles were used by Goelz et al. ( 1 980) to evaluate the relative toxicity of the 
alkaloids gramine and hordeninc sulphate, which were reported in P. arz111di11acea so as to 
assess their effects on the quality of this grass as a forage. Approximately one-third of the 
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voles died when fed either on 0.25 or 0.5 % gramine of the diet. Voles that survived on gramine 
diets had kidney lesions, glycosuria, higher feed intakes and lower weight gains that control 
animals. Hordenine did not affect the voles diet intake, weight gain, or rate of mortality, but 
caused development of kidney lesions and glucose was detected in the urine of62 '¼, of these 
animals. 

Coulman et al. ( 1 977b) reported that the addition of a pure sample of alkaloids ofhordenine, 
gramine, 5-methoxydimethyl tiyptamine (5-MeO-DMT) and N-methyltryptamine, to in vitro 
digestion media, appeared to have l ittle effect on the activity of rumen micro flora in vitro. 
They found that the organic matter digested in vitro (IVDOM) of reed canary grass was not 
significantl y depressed with addition of gramine levels of I 0,000 µg/g dry matter (DM) ( 1 .0 '%). 
However, graminc levels as high as I 0,000 �tg/g (OM) occurred ve1y rarely in recd canary 
grass genotypes (Couleman et al., 1 976). A study of varieties (Hovin and Marten, 1 975) showed 
that the total alkaloid content, averaged over two cuts, ranged from I, 1 80 to I, 700 µg/g DM. 
Marten ( 1 973) found no inhibitory effect on in vitro digestibility ( )VD) of added gramine up 
to 30,000 µg/g OM, but 5-MeO-DMT at this concentration did significantly depress IVD. The 
chances of finding such a high concentration of 5 MeO-DMT are unl ikely, since tryptamine 
levels in both reed canary grass and harding grass (P. aquatica) have usual ly been reported to 
be less than 1 ,000 �tg/g DM (Moore et al., 1 967; Oram, 1 970; Barnes et al., 1 97 1 ;  Coulcman 
et al., 1 977b). No consistent relationship was found between alkaloid content and IVDOM of 
selected reed canary grass clones. Alkaloid levels were found to be highly correlated between 
harvests (Couleman et al., 1 977b). This is in accordance with reports of low genotype x 
environment interactions for total alkaloid content (Marten et al. , 1 973; Barker and Hovin, 
1 974). 

From the resul ts obtained by Couleman et al. ( 1 977b) and Marten et al. ( 1 973), the fom1er 
authors concluded that the poor animal perfom1ance often reported with reed canary grass 
was not due to alkaloid interference with the rumen microflora. A more l ikely cause of poor 
weight gains was the physiological disturbance, as evidenced by the occurrence of diarrhoea, 
which has been reported in animals grazing reed canary grass (Woods and Clark, 1 974; Marten 
et al., 1 976). A higher incidence of diarrhea was found on high alkaloid pastures and especial ly 
on those pastures containing tryptamines and P-carbolines (Couleman et al . ,  1 977b). The 
dimcthyltryptamines were thought to interfere with the nom1al functions of serotonin (Gallagher 
et al., 1 964), while P-carbolines inhibit monoamine oxidase (Ho et al., 1 968), the enzyme 
responsible for control l ing levels of serotonin and other amines in the body. A buildup of 
serotonin could lead to hyperexcitabil ity and increased respiration, thus burning up food reserves 
(Couleman et al., 1 977b). Wood and Clark ( 1 974) found that under heat stress (24-25° C) 
sheep respiration rates were higher on a tryptamine-carbol ine-containing pasture than on a 
pasture free of these compounds. 

Coombe and Christian ( 1 969) found that the digestibility of organic matter and cel l ulose, 
of Plwlaris straw, general ly increased following addition of urea. Acid detergent fiber levels 
increased with increasing Si levels in P aru11di11acea and in vitro dry matter digestibility 
decreased from 68. 73 to 62.95 % (Ranga Rao, 1 978). 

The relation between cel l  wal l  composition and in vitro dry matter digestibility (IVDMD) 
of P arundinacea has been studied. Correlation was observed between percentage of xylose 
and IVDMD. Acid detergent fiber and acid detergent l ignin were the best parameters for 
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predicting IV DMD. The arabinose:xylose ratio and galactose content may reflect the importance 
of hemicc l lu los ic  polymer branching on the digestibil ity of the forages (Burritt et al. , 
1 982, 1 985). 

Bourke et al. ( 1 988) reported experimental evidence that tryptamine alkaloids did not 
cause P. aquatica sudden death syndrome in sheep. The lowest tested dose rates that produced 
cl inical ly observed signs were: for 5-methoxydimethyltryptamine, 0. 1 mg/kg i.v. and 40 mg/ 
kg oral ly; for gramine, 1 0  mg/kg i.v. and 500 mg/kg oral ly; and for hordenine 20 mg/kg i.v. 
and 800 mg/kg oral ly. All induced the cl inical signs observed in the nervous form of "phalaris 
toxicity", but none induced the cardiac, sudden death syndrome. 

Cyanogcnsis of P. aru11di11acea has been reported (Aikman et al., 1 996). 
The hypomagnesemia observed in serum of cows grazing a P. tuberosa pasture, was 

attributed to the high K/(Ca + Mg) ratio in the pasture and to the physiological condition 
(pregnant and lactating) of the animals (Cseh et al., 1 984). 

The isolation of anti-inflammatory and hypocholesterolemic agents from P. an111di11acea 
has been reported by Majnarich ( 1 969). Octacosanol and/or hexacosanol have been identified 
in P. an111di11acea (Audette et al., 1 970; Tul loch, 1 981  ) .  Tricin and flavone C-glycosides were 
detected in leaves of P. an111di11acea (Harbome and Williams, 1 976). 

The responses of P. tuberosa to cutting to 0.5- and 3-inch stubble at 3 levels of N (0, 23 
and 92 lb/acre after each cut) were investigated by Grimmett ( 1 967). The 3 -inch cutting height 
gave greater dry matter yield than the 0. 5-inch cut, but the difference reached significance 
only with applied N. Under irrigation, a grazing height of 3 inch was recommended and a 
continuous supply of N would be needed. Kovtunyk et al. ( 1 976) reported that the grass 
mixture composed of P. canariensis, reed fescue (Festuca arundinacea) and orchard grass 
yielded the highest green mass, fodder units, digestible proteins, and digestible protein per 
fodder unit when N 240, P 90 and K 1 20 kg/ha were applied. Nitrogen fertil ization of P. 
arundinacea contributed to a distinct increase of the total N content as wel l  as of Mg, and, to  
a lesser degree, Zn content (Kowalczyk, 1 980). Soil Ca and Mg were associated with Ca and 
Mg concentrations of P. aquatica but concentrations of Ca in the herbage had no effect on in 
vitro dry matter digestibility (Odom et al., 1 980). McLachlan ( 1 98 1 )  suggested that, in P. 
tuberosa plant, sil icophosphates, up to rates supplying 1 93 kg P/ha, could be effective as the 
l ime-superphosphate combination. Langlands et al. ( 1 979) found that P. aquatica largely died 
out from pots that did receive superphosphate. 

The straw of P. bulbosa has been shown to be suitable as a raw material for the cel lu lose 
and paper industry (Khristov, 1 958). 

24.1 .  Phalaris minor Retz., Obs. Bot. 3 :8  ( 1 783). 

Thai! elqit (Ar.) 

Differs from P. paradoxa L. in being a much smaller, more slender annual grass with very few 
slender culms reaching up to 4 cm long and about I cm across. Leaves l inear. Inflorescences 
ovate-elongated short spikes, broad at the base, up to 2 cm long and about I cm broad. Spikelets 
solitary, foi l ing entire. 
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Habitat and Distribution 

Rare in Qatar. Reported at Al Majda. 

Constituents 
The proximate composition, digestibility, cellulose, hemicellulose, tannins, carotenes, and 
Ca, P, Na, K, Mg, Cu, Zn and Mn, were detennined in canary grass (P. minor), growing in 
India, during maximum tillering, 50 % heading and maturity. Accordingly, the grass may 
serve as an animal feed when harvested at 50 % heading (Gupta et al., 1981 ). The total amino 
acids (protein content) of P. minor caryopses and the amino acid composition of the caryopses 
are shown in Table I 03 (Yeoh and Watson, 198 1  ) .  

The chemical composition of canary grass (P minor) is shown in Tables I 05 and I 06 
(Gupta et al., 1981 ) .  

Phytochemical screening of the plant, growing in Qatar, revealed the presence ofalkaloids, 
coumarins, flavonoids and sterols (Rizk et al., 1986a). The roots of the polyploid P minor 
yielded a red anthocyanin dye, pelargonidin, while the diploid species did not contain it 
(McWilliams and Shepherd, 1964). 

The stems possessed an antibiotic activity, when tested upon Sphace!ia segetum (Celayeta, 
1960). 

Table 105. Chemical composition of P. minor at different stages of growth 
( dry matter basis) 

Coustituents Maximum 50 % Heading Maturity Average 
tillering (near harvesting 

of wheat 
DM 20.8 35.4 56.7 37.63 
CP 13.12 6.12 5.6 8.28 
TP 8.3 4.8 1.3 4.80 
CP/TP 1.58 1 .27 4.3 
NDF 45.84 57.46 66.92 56.74 
Cell solubles 54.16 42.54 33.08 43.26 
ADF 30.45 38.28 41.94 36.89 
Cellulose 25.48 30.63 32.62 29. 57 
Hemicellulose 15.39 1 9.18 24.98 19.61 
ADL 3.48 5.65 7.29 5.47 
Silica 1.49 2.00 2.03 1 .87 
Total soluble sugars IO. IO 8.40 6.60 8.36 
Total oxalates 1.58 1.0 0.76 I. I I  
Total tannins I. I 0.90 0.45 0.91 
IVDM D  66.0 60.5 33.0 53.16 
GE(Kcal/g) 4.28 4.03 3.45 3.92 
Carotene (ppm) 211 58 31 100 
NO -N (ppm) 2000 1400 600 1333 
DM: Dry matter; CP: Crude protein: TP: True protein; NDF: Neutral detergent fiber; ADF: Acid detergent 
fiber; ADL: Acid detergent lignin; IVDMD: in vitro dry matter digestibility; GE:  Gross energy. 
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total suspended solids (TSS) after 24 hours in each component of plant-free system was reduced 
from 1 1 4  mg/I to 1 4  mg/I and 51 to 1 5  mg/I, respectively. Under the same conditions, the 
hybrid system reduced the BOD_1 from 1 1 0  to 3 mg/I and TSS from 68 to 6 mg/I. The hybrid 
system also reduced the total Kjeldahl nitrogen (TKN) from 1 6. 1  to 2.5 mg/I, total phosphorus 
(TP) from 4.4 to 2.0 mg/I, and the ammonia (NH1-N) from 1 2. 4  to 0.6 mg/I after 24 hours of 
exposure while the plant-free system demonstrated insignificant reduction of these components 
(Wolverton, 1 982). The use of P co1111111111is as an emergent macrophyte for the removal of 
BOD, N, P and pathogens from primary treated wastewater (Juwarkar et al., 1 995) and NH! -N 
in constructed wetlands (Sikora et al. ,  1 995) has been also reported. The peroxidase activity 
in lake macrophytes, including P co1111111111is and its relation to pollution tolerance has been 
studied by Roy et al. ( 1 992). P co1111111111is which had moderately low peroxidase activity and 
was indifferent or tolerant to pollution had high total glutathione. Peroxidase is one of the 
major enzymes catalyzing oxidative metabolism of xenobiotics in plants. G lutathione­
dependent reactions were found also crucial in such detoxification processes. 

Soo et al. ( 1 985) found that at > I % but not at :5: 0.5 % NaCl decreased germ inability and 
retarded gennination and growth of P co111111unis. NaCl inhibited root growth more than that 
of shoots. 

26. POA L. 

The nutritional value (chemical composition and digestibility) of several Paa grasses has 
been detennined so as to evaluate them as fodder plants. P a111111a is a common species, 
readily grazed by sheep and geese (Davies, 1 960; Willman and Riley, 1 993). The dry matter, 
total sugars, and protein yield of some varieties of meadow grass (P alpina, P compressa, P 
palustris, P pratensis and P silvicola) were reported by Smimova-Ikonnikova and Shutova 
( I 973) (Table I 08). The relative yield of total green mass per IO m2 was in the sequence: 3 .8, 
2.9, 2.5, 2.1 and 1 .8 in the spring and 1 1 .5, 1 4.0, 6. 1 ,  1 0.0  and 9.0 at blooming stage. Carotene 
(9.1 - 1 0.4  mg %), ascorbic acid ( 1 26.6- 1 33.8), chlorophyll a (907) (66.7-73.4) and chlorophyll 
b (908) (30.7-31 .8) are valuable nutrient ingredients of the meadow grass varieties. The chemical 
composition of some Poa species are shown in Tables 1 08 and 1 09. 

907 Chlorophyll a; R = Me 
908 Chlorophyll b; R = CHO 

R 
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Table 108. Nutrient composition of some Paa species 
Species Dry g I l 00 g Dry Matter References 

matter Crude Crude Total Ash 
% protein fiber sugars 

I. P. alpigena 30.2 1 1 . 1 8  22.5 1 1 2.78 7.25 Staaland ( 1 984) 
grains 3 1 .5 1 5 .67 1 7.46 1 5.75 4.67 

2. P. alpina 29.1 1 3.96 1 9.59 1 2.85 5 .67 Staaland ( 1 984) 
25.6' 6.5 4.7' Smimova-lkonnikova and 
25.r 3.8 •• 2.9" Shutova ( 1 973) 

grains 2.9.8 1 7.62 1 5 .44 1 1 .48 4.63 Staaland ( 1 984) 
3. P. bulhosa 4.0 3.9 Clemens ( 1 968) 

( digestible (starch) 
protein) 

4. P. compressa 26.0' 5.4· 3.t · Smimova-Ikonnikova and 
30.1 " 5 .3" 3.3" Shutova ( 1 973) 

5 .  P. palustris 23.3' 5 .8' 2.9' Smimova-Ikonnikova and 
26.1 " 5 . 3" 1.r Shutova ( 1 973) 

6. P. pratensis 23.9' 5.6' 2.2· Smimova-lkonnikova and 
3 1 .3" 3.8" 3.4" Shutova ( 1 973) 

7. P. sandhergii 1 1 . 3  ± 5 .4 Willms et al. ( 1 980) 
8. P. silvicola 29.7' 5.8' 3.2' Smimova-Ikonnikova and 

35.5'' 4.6" 2.8" Shutova ( 1 973) 
9. Paa sp. 1 1 .3 - 1 9. 8  Staal and et al. ( 1 983) 
1 0. P. trivia/is 9.2'" Seale et al. ( 1 982) 
· In summer; •• At blooming; ... Total carbohydrates. 

Table 1 09. Comparison of chemical constituents between the open and treed range in 
bluebunch wheatgrass, Sandberg bluegrass and cheatgrass . 

Range Chemical constituent (%) 
Crude protein NDF ADF Lignin p Ca 

Mg Bluebunch wheatgrass 
Open 1 8.0" 60.9"  37.7h 5.3b 0.4 1" 0.26" 0.1 I" 
Tree 1 8.8a 63. ( b  3 1 .4" 2.7 a 0.32" 0.23" 0. 1 4h 

No. samples 1 2  6 6 6 6 6 
Sandberg bluegrass 
Open 1 4.4" 63.6" 32.5" 4.8h 0.34" 0.24" 0.1 3" 
Tree 1 5.3" 57.9b 33.2" 2.9" 0.3 1 "  0.25" 0.1 7b 

No. samples 1 2  1 2  6 6 6 6 6 
Cheatgrass 
Open 1 4.5" 52.4" 26.7" 3.2" 0.38" 0.34" 0.1 5" 
Tree 1 6.3" 52.0"  26.9" 3.3" 0.4 1 "  0.35" 0.22b 

N o. sam11les 8 9 5 5 5 5 5 
�• Paired means with same letter did not di ffer significantly (P > 0.05). 
• The first sampling date for each species was on 14 Feb., I X  Mar. and 2 Apr., 3 I May respectively. 
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The crude protein content of three perennial winter species including P. lig11/aris, in 
Argentine, was lowest (3.9-5.1 '½, of the dry matter) in summer and highest ( 1 4.8- 1 6.8 % of 
the dry matter) in autumn; dry matter digestibility (general ly high) followed the same time 
course (Abiusso et al., 1 977). Williams ( 1 980) reported the nutritive characteristics of six 
forage grasses (including P. sandbergii) on spring range in south central British Columbia in 
relation to time, habitat (open and forested range) and fal l  grazing. Sandberg blue grass (P. 
sandbergii) was comparativel y  low in crude protein ( 1 1 .3±5.4) as compared to crested 
wheatgrass (Agropyro11 desertar11111) ( 1 7  .4± 7. 7). A comparison of the chemical constituents in 
bluebunch wheatgrass (Agrapyro11 spicat11111 ), Sandberg bluegrass (P. sc111dbe1gii) and cheat grass 
(Bromus tectar11111) showed that crude protein, phosphorus and calcium did not differ between 
habitats (Table I 09). Magnesium was lower on the open range for al l species. The neutral 
detergent fiber (NDF), acid detergent fiber (ADF) and l ignin in bluebunch wheatgrass and 
Sandberg bluegrass differed significantly (P < 0.05) between habitats. The changes were not 
consistent for each species. Bluebunch wheatgrass, for example, had higher NDF content on 
the treed range than on the open range whil e NDF in Sandberg bluegrass was greater on the 
open range. ADF and lignin in bluebunch wheatgrass were higher on the open range but in 
Sandberg bluegrass they were higher on the treed range (Wil lms et al., 1 980). 

The study of the aerial parts (viviparous bulbils, stems, and leaves) and roots of P. b11/basa 
var. vivipara at the ripening stage showed that the viviparous bulbils contained 21 free amino 
acids. The amino acid composition of stems and l eaves was similar, but unlike bulbil s, the 
amino acids cysteine, p -alanine, tyrosine, methionine, norvaline, and phenylalanine were 
lacking. All organs studied contained large amounts of the essential amino acids lysine, histidine, 
arginine, val ine, l eucine, and methionine (Tovmasyan, 1 973). The amino acid composition of 
certain Poa species is shown in Table 1 1 0. 

The oligosaccharides, isolated from P. trivia/is, were reported as linear l evans (Chall inor 
et al., 1 934; Chatterton et al., 1 993b ). Of the 1 50 species studied by Chatterton and Harrison 
( 1 997), only  P. amp/a contained a single P -2,6 linked fructan series. All other species grown 
at 1 0/5°C day/night temperature ( 1 6  h day) contained some P - 1 ,2 linked oligofructans, even 
when the major fructan series was P -2,6 linked. Leaves of P. amp/a grown at 1 5/ 1 0°C day/ 
night temperatures contained some P - 1 ,2 l inked fructans and raffinose in addition to the 
dominant P -2,6 series, but did not contain significant amounts of 1 -kestose or bifurcose ( I �6 
kestotetrose). Leaves of P. arctica and P. bulbasa contained significant amounts of raffinose 
and various P - 1  ,2-l inked oligomers but no 1 -kestose. The presence of a "clean", simple, single 
P -2,6 linked series in cold-grown ( l 0/5°C day/night) P. amp/a was the first example of an 
extract of a grass containing inulin ( 1 -kestose and nystose), neokestose or bifurcose (909) 
based fructans. P. amp/a was the only  species in 1 1 0  grasses evaluated by Chatterton and 
Harrison ( 1 997) that contained onl y  l inear P-2,6 linked oligofructosides. H owever, smaller 
amounts of P -2, ! -l inked fructans (including 1 -kestose and nystose) and others of unknown 
structure did occur in the leaves of P. amp/a grown at wanner ( 1 5/ l 0°C) day/night temperatures. 
Because no bifurcose was detected (if present it was in very minute quantities) in any of the 
Paa species grown in either wann or cold temperatures, it was unlikely that the elongation­
trimming pathway (ETP), a specific -2, ! -hydrolysis of bifurcose, was the mechanism for 6-
kestose synthesis in Paa, as proposed for wheat (Banca! et al., 1 992). Chatterton and Harrison 
( 1 997) concluded that under closely controlled environmental conditions P amp/a produced a 
single DP3 (degree of polymerization) and a single DP4 fructan and only members of the P-
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2,6 l inked l inear fructan series. Their data further supported the hypothesis that 6-kestose 
synthesis occurred in the absence of significant amounts of either 1 -kestose or bi furcose and 
that a speci fic 6-SST (sucrose-sucrose fructosyl transferase) was present in P. amp/a. 

Table 1 1 0. Amino acids composition of some Poa species 

Amino acids P. l,e/msii P. labillardieri P. prate11sis P. siebera11a 
L" L"" C L" C L"" C C 

Aspartic acid 1 1 .4 1 1 .2 5 .3  1 3.4 6.6 1 1 .2 5.5 5.7 
Threonine 5.8 5.7 3.8 5 .9  3.4 5 . 3  3.5 3.8 
Serine 6.5 5 .5 5 .3  6.8 5 .6 5 .2  4.9 5 .2  
Glutamic acid 1 4.8 1 5 .9 29. 3 1 6.2 32.0 1 4.4 30.6 27.4 
Proline 6.3 5 .2 7. 2 6. 1 7.0 5 .9 7. 1 7.3 
Glycine 5.6 5 .6  4.3 5 .3  3.8 5 .5  3.8 4.3 
Alanine 7.7 7.4 4. 1 7. 3 4.3 7. 0 4.0 4.4 
Cystine 1 . 0 1 .6 2.6 1 . 0 1 .9 0.8 2.2 4.3 
Valine 4.6 5 .5 4. 3 4.8 3.8 5 . 1  3.6 4.1 
Methionine 1 .8 1 .6 1 .6 1 . 4 1 .8 2.5 2.0 2.0 
l soleucine 3.4 3.6 3.0 3.3 2.9 3.5 2.9 3.2 
Leucine 8.7 9.0 7.5 8.2 6.9 9. 0 7.7 7.7 
Tyrosine 4.4 4.3 3.9 3.9 3.7 4.6 4. 1 3.8 
Phenylalanine 6.0 5 .9  8.4 5 . 6  8. 1 6.0 8.5 8.5 
Histidine 2.2 2.2 2.2 2.2 2.0 2.2 2.2 2. 1 
Lysine 6.4 6.6 3.2 6.5 2.8 6.6 3. 1 3.0 
Tryptophan 0.0 0.0 0. 1 0.0 0.0 0.4 0.0 0.0 
Arginine 3.4 3.4 4. 2 2.7 3.6 4.7 4.2 3.2 
Total amino acid 2.0 2.0 1 0.7 1 .3 1 3.9 2.7 1 2.4  8.5 
L: Leaves (g O o total amino acids); • grasses col!eclcd from lhe field;": grasses grown in lhe greenhouse (Ycoh 
and \\atson 1 982); C: Caryopses (g O o total amino acids) (Yeoh and Watson 1 98 1  ). 
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909 Bifurcose 

Baron Kentucky bluegrass (P. prate11sis) had 58 % l ower total carbohydrate concentration 
when grown at the IO mM NO·.1 · Fructose and glucose concentrations were usuall y  (but not 
always) l ower in plants grown with IO mM NO-1 (Westhafer et al., 1 982). The sugars glucose, 
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galactose, mannose, arabinose, and rhamnose were isolated from P. /111ec11 (Rofi and Pomilio, 
1 987b). 

The oil or the grains of P. pratensis was 1 .5 %1 and the fatty acids identified were: C 1 _1 11, 
0. 33; c,_, 

I
' 0.02; e

l
l O' 0.06; c

l
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' 0.24; c

l
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Cm>' 0.20 % {Lotti et al., 1 985). 
According to Rofi and Pomilio ( 1 982), P. /111ec11 contained the following steroids: 24-

methyliden-�.1.u,_cholestatriene (9 1 0), 24-ethyliden- � .15·2
4-cholestatriene (91 1 ), cholesterol, 

cholestan-3f3 -o l  (9 1 2),  cam pestero l ,  5 , 6-dihydrocam pestero l (9 1 3),  sitostero l ,  5 , 6-
dihydrosi  tosterol (9 1 4) and stigmasta-3,5 -dien-7 -one (9 1 5) .  The steroidal ketones: 
cam pesterone (9 1 6) and s itosterone (9 1 7) and the gl ycos ides sitosterol- 3-O-f3 -D­
glucopyranoside, campesterol-3-O-D-glucopyranoside and chloesterol 3-O-D-glucopyranoside 
were also isolated from P. lwecu. The grass also contained triterpenic ketones, gennanicone 
(91 8), lupenone, cycloaudenone and hopenone, a triterpenic alcohol, lupeol and 11-hexacosanol 
(Rofi and Pomilio, 1 987b ). Other triterpenoids identified from Poa species were arundoin 
and cyl indrin from P. pratensis (Rizk, 1 986) and femenol, amndoin, glutinone and fridel in 
from P. sp/10ndylodes (Ohmoto et al., 1 968). 

910 24-Methyl,den-t.3
•
5

•
24-Cholestatriene 911 24-Ethyhden-t.3

•
5

•
24-cholestatnene 912 Cholestan-3P-ol 

HO 

913 5,6-Dihydrocampesterol 914 5,6-Dihydrositosterol 91 5 Stigmasta-3,5-dien-7-one 

916 Campesterone 917 Sitosterone 918 Germanicone 

- . - - - - - - - . - - -� -
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Epicuticular wax from the leaves ofa glaucous variety of P ampla contained hydrocarbons 
(5 '%, C2J-CJ�), esters (9 '½,, CJ6-C5J, free acids (3 '% C l (,-CJ), free alcohols (6 '½, mainly C2J, 
hentriacontane- 14, 1 6-dione ( 14 '¾,), 5-oxohentriacontane- 14, 1 6-dione ( I '½,), hydroxy B­
diketones (56 '%) and an unidentified material (6 '%). The hydroxy B -diketones, consisted of 
4-hydroxy- ( 15  %), 5-hydroxy- (70 % ) ,  and 6-hydroxy- (1 5 '%) hentriacontane- 14, 1 6-diones 
(Tulloch, 1 978). The composition of the epicuticular waxes of P cale11soi (Daly, 1 964; Hall et 
al. ,  1 965), P cambyi, P rnsickii and P prate11sis has also been reported by Tulloch ( 1 98 1  ) .  

Whole plants of P l111ec11 yielded 5,7,4'-trihydroxy-3',5'-dimethoxyflavone (9 19) (Rofi 
and Pomil io, 1 982), 5,7, 3'-trihydroxy-4' ,5'-dimethoxynavone (920), tricin, salagin, 
umbell iferone and scopoletin (Rofi and Pomilio, 1 985). The cinnamic acid derivatives, p­

coumaric, caffeic and fern lic were isolated from P huecu. The fraction containing cinnamic 
acid derivatives, showed antimicrobial activity against Mycabacterium p'11ei (Rofi and Pomilio, 
1 987b). Leaves of P ampla infected with the symbiotic fungus Neotyphadium typlmium 
contained the fol lowing bioactive navonoids: tricin, 7-O-(a-D-gl ucopyranosyl )tricin, 
isoorientin and 7-O-(a-L-rhamnopyranosyl-( I �6)-B-D-glucopyranosyl)tricin (Ju et al., 1 998). 
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919 5,7,4'-Trihydroxy-3',5'-dimethoxyflavone 920 5,7,3'-Trihydroxy-4',5'-dimethoxyflavone 

The mineral content of some Paa species has been studied. Hoehne ( 1 963) detennined 
Ca, Mg, K, Na, Mn, P, Si and N in the leaves of P chaixii and reported that the plant showed 
a low capacity for SiO2• In the three perennial winter species (including P ligularis), minerals 
were generally low with respect to bovine requirements: Ca was on the borderline and Mg 
and P were deficient, silica was high and up to 75-80 % of the total ash (Abiusso et al., 1 977). 
P prate11sis has been found to contain 0.29 % P (Prakash et al., 1 978). The mineral content of 
a Paa species col lected from three localities in Norway was reported as follows: Ca (77- 1 53), 
Mg (31 -93), P (45- 1 1 8), Na ( 1 5- 1 9), K (296-4 78), Cl ( 1 85) and S (57) mM/kg dry matter 
(Staaland et al., 1 983). 

The mineral composition of P alpige11a and P alpi11a (grain and grass) is shown in Table 
I 1 1  (Staaland, 1 984). 

Table 11 I .  Mineral concentrations (mM/kg D.M.) of P alpige11a and P alpina 
collected in mid September ( 1 98 1 )  

S�ecies Ca Mg p Na K Cl s 
P alpigena (vivip. grains) 50 30 90 1 5  382 80 63 
P alpina (vivip. grains) 33 32 93 26 421 80 88 
P alpigena (grass) 1 1 6  35 4 1  8 373 1 7 1  1 1 4 
P alp.Jna (grass) 54 37 60 1 2  387 I l l  61 

Entntp ( 1 979) found that spacing, seeding time and N fertilization affected the seed yield 
of P supina. N fertilization of P pratensis contributed to a distinct increase of the total N 
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content as well as of Mg and to a lesser degree, Zn content. The content of other minerals, 
except for Cu, did not change (Kowalczyk, 1980). 

Microbiological and chemical changes during the ensilage of long, chopped and minced 
P. trivia/is were studied by Sca le et al. ( 1982). The grass made excel lent silage as first cut 
independent of treatment and inspitc of the relatively low levels of water-soluble carbohydrates 
(9.2 %). 

Eflects of initial plant spacing and lime, P and N appl ication were evaluated in Texas 
bluegrass (P. arac/111ifera), recognized as a plant with potential for range and pasture (Pitman 
and Read, 1998). Forage production of dense stands and responses to spring appl ication of N 
indicated that it was a productive, sustainable cool-season forage grass. 

Poa species were among several pollen species that displayed appreciable trypsin inhibitory 

activity (Bcrrcns and Maranon, 1995). A large panel ofT-ccll clones specific for the recombinant 
form of P. prate11sis al lergen was examined by Parronchi et al. ( 1 996). 

The leaf homogenate of P. pratensis was found toxic in soil to the root lesion nematode 
Pratyle11c/111s pe11etrc111s (Miller, 1978). 

Edophytc-infccted P. alsodes contained trace quantities of N-acetylolinc and N-fom1yl loline 
(TePaskc and Powell, 1 993) . 

Deaths, presumably due to cyanide poisoning were reported in I O  stress grazing on the 
reed sweet grass (P. aquatica). The plant contained the equivalent of 1 . 52 mg HCN/g dry 
material (Sham1an, 1 967). P. huecu was also reported toxic to cattle in Argentina (Rofi and 
Pomilio, 1 982). 

26. I .  Poa a111111a L., Sp. Pl . ,  ed. I, 68 ( 1753). 
syn. Paa royleana Steud., Syn. Pl. Glum. I :256 ( 1 854). 

Maesowgrass, bluegrass (En.) 

Annual grass. Inflorescences loose panicles, small spikes with less than IO spikelets; spikclcts 
with prominamt veins. 

Habitat and Distribution 

Weed of waste places, cultivated ground and local gardens. 

Constituents 
The chemical composition of P. a111111a, growing in India, has been determined as: moisture, 
39.00; dry matter, 61.00; ash, 17.43; crude protein, 8.31; crude fibre, 27.52; Ca, 0.56; P, 0.26; 
K, 0.56 and Mg, 0.29 % (Prakash et al., 1 978). The nutritive value of P. a111111a, grown in a 
heated glasshouse at Aberystwth (U.K.)  in February-April 1985, is shown in Tables 1 12 and 
11 3 (Wilman and Riley, 1993). The chemical composition and i11 vitro dry matter digestibility 
of P. a111ma (growing in India) at five stages of growth (at the vegetative, post-vegetative, ful l 
b loom, grain formation and matured grain stage) have been studied by Gupta et al. (I 982a). 
Dry matter increased from 14.6 % to 18.3 % from the vegetative to matured seed stage. Neutral­
detergent fiber, hemicel lulose, cel l ul ose and l ignin increased to the seed-formation stage and 
thereafter declined. Crude protein decreased from 19.3 to 14.9 % by the seed-formation stage, 
then increased to 15.8 %. Anti-nutrient factor decreased from 80.0 to 70.5 % by the seed-
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formation stage, then increased to 72.5 %. Gross energy varied from 2.65 to 3 .49 kcal/g and 
carotene from 135 to 355 ppm. Total soluble sugar was maximum at the matured grain -stage 
( 1 6  %). Total mineral ash declined with maturation. P (0.18-0.09 %), Mg (0.20-0.12 %), and 
Mn (60-80 ppm) decreased and Cu (20-26 ppm) and Zn (43-95 ppm) increased with maturity. 

Na and K ranged from 0.80 to 0.32 and 0.80 to 0.50  % respectively, declining at each successive 
stage of maturity. Ca (0.20-0.57 %) was independent of plant development. Tannins and oxalic 
acid ranged from 0.95 to 0.45 and 0.24 to 2.48 % respectively, and nitrate N varied from IO I 0 
to 580 ppm. These data were also discussed with respect to the use of Paa forage for dairy 
cattle by Gupta et al. ( 1 982a). Westhafer et al. ( 1 982) found that annual bluegrass (P. a111111a) 
had 49 % lower total carbohydrate concentration when grown at 10 mM NO·J' 

Borland and Farrar ( 1985) studied diel patterns of carbohydrate metabol ism in leaf blades 
and leaf sheaths of P. m11wa and P. je111tla11dica. Sucrose was the most abundant fonn of 
carbohydrate in leaf blades, with lesser amounts of starch and fmctans also present. The 
proportions of fixed C allocated to export, storage and respiration in leaf blades were similar, 
and carbohydrates showed broadly similar patterns of diel fluctuation in both species. However, 
the relative rates of sucrose and starch accumulation and depletion and the diel patterns of 
export in the leaf blade were different in the two stages. Starch was the predominant forn1 of 
carbohydrate in the sheath, with soluble sugars and fmctans also present. Starch and soluble 
sugars showed diel accumulation and depletion in the sheaths of P. a111111a but not in P. 
je111tla11dica. 

Table 1 12. 

Plant part 
(g/pot) 

Leaf 
Stem 
Total 

Dry matter (OM) harvested, neutral detergent fiber (NDF) and 
digestibility of P. a111111a 

DM harvested NDF DM digestiblity (%) 
(% in DM) 

16.1 
12.8 
28.9 

38.1 
50.0  
43.3  

58.8 
59.7 
59.1 

73. 3 
75 . 0  
74.1  

Table 1 13. The concentrations (%) in dry matter water-soluble carbohydrate (WSC), 
N, P, K, Ca, Mg and Na of P. a1111Ua 

Plant eart wsc N p K Ca Mg Na 
Leaf 12.7 4.48 0.621 4.89 0.79 0.258 0.17 
Stem 17.7 2.58 0.590 4.35 0.42 0.190 0.13 
Total 14.9 3.64 0.605 4.63 0.62 0.228 0.15 

The herb yielded friedelinol and the sterols campesterol, stigmasterol and 13 -sitosterol 
(Ohmoto, 1967b ). A glycotlavone ( 6-C-f.· ristobioside ), luteolin 6-C-(2"-0-a-D-mannosyl-13-
D-glucoside) was characterized from whole plants of P. a1111Ua (Rofi and Pomilio, 1987a). 

Juska and Hanson (1969) conducted pot experiments in the greenhouse to determine the 
nutritional requirements of P. a1111Ua. Total top yield was greater for annual bluegrass grown 
in silt loam soil than m loamy sands. In loamy sands a large decrease in clippings, crowns, and 
roots was obtained at a pH of 4.5 compared to a pH 6.5 .  N, P, and K contributed most to top 
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growth in the order mentioned. Also, Nowak and Panak ( 1 982) found that increasing N-P-K 
rates increased the crop yield with the highest yield being obtained at a 4-fold increased N-P­
K rate; addition of Mg and trace elements to the 4-fold rate had l ittle effect. 

The polyamine concentrations in P anmta and three other species, P compressa, P pratensis 
and P trivia/is, grown at three levels of nitrate supply were studied by Van Arendonk et al. 
( 1 998). Under nitrogen limitation, the total concentration ofpolyamines (spennine, spennidine 
and putrescine) ( free and bound ones together) decreased in both leaves and roots of al l Paa 
species, whereas that in the stem remained more or less the same. These effects were to a large 
extent determined by the free polyamines. For the conjugates there was more differentiation, 
both between plant organ and among polyamine structures. A positive correlation between 
RGR (relative growth rate), LAR (leaf area per plant mass), SLA (leaf area per leaf mass), 
LMR (leaf mass per plant mass) and SMR (stem mass per plant mass) with polyamine 
concentrations was found. The RMR (root mass per plant mass) showed a negative one. The 
(putrescine)/(spermine + spennidine) ratio in the leaves increased with decreasing nitrate 
supply, which is associated with a decrease in leaf expansion, accounting for a decrease in 
LAR and SLA. For the roots, this ratio tended to decrease with decreasing nitrate supply, 
whereas for the stems the results were somewhat more variable. 

Wu et al. ( 1 998) studied the al lelopathic effects of phenolic acids detected in buffalo grass 
(Buc'11oe dactyloides) clippings on growth of annual bluegrass (P annua). 

Extracts of lipid-soluble material from the surface of leaves of P annua were found to 
induce the nymphs of Locus/a migratoria to bite (Bernays et al., 1 976 ). 

27. POLYPOGON Desf. 

27.1 .  Polypogo11 11w1wspelie11sis (L.) Desf., Fl . Atlant. I :67 ( 1 798). 
syn. Alopec11111s 111011osplie11sis L., Sp. Pl., ed. I ,  6 1  ( 1 753); Pha/aris cristata Forssk., Fl. Aegypt.­

Arab. 1 7  ( 1 775). 

Zail Alqit (Ar.) 

Tufted erect annual grass with numerous basal branches up to 50 cm high (in farms) with 2-4-
nodes to inflorescence. Leaves linear-lanceolate with shealth exceeding the lamina length. 
Inflorescences spicate, branched but compact appearing woolly because of soft awns; spikes 
broad up to 4 cm across and up to 1 5  cm long (in field specimens) but usuall y  much smaller 
(roadside weeds); spikelets minute awned. 

Habitat and Distribution 

A frequent weed in agricultural fields and occasional by roadsides during the rainy season on shallow 
sandy soils. 

Constituents 
The proximate analysis, amino acids and minerals  of P monospe/iensis, growing in Qatar, arc 
shown in Tables 1 75, 1 76 and 1 78 (AL-Easa, 2002a,b,d). 

The amino acid composition of P monospeliensis, growing in Australia, is shown in Table 
1 1 4. 
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Table 1 14. Amino acids composition of P monospeliensis 

Amino acids Leaf Caryopses .. 
(g¾ total amino acids) 
Aspartic acid 14. 1 8.0 
Threonine 5.6 3 .4 
Serine 6.9 5 . 1  
Glutamic acid  14.3 28.2 
Proline 7.8 6.8 
Glycine 5.4 4.3 
Alanine 6.9 4.2 
Cystine I . I  3.0 
Valine 4.4 3 .6 
Methionine 1.7 1 .4 
lsoleucine 3.2 2 .9 
Leucine 8.2 7.6 
Tyrosine 3.9 3.9 
Phenylalanme 5.7 8.2 
Histidine 1 .8 2.4 
Lysine 5 .8 3 .4 
Tryptophan 0.4 0.0 
Arginine 2.9 4.7 
Total amino acid (protein 2. 1 1 2.9 
content) (g¾ fresh wt.) 
• Yeoh and Watson ( 1 982); Yeoh and \\ ,1tson ( 1 98 1  ). 



400 Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M.  

the members of this group are divided into the cul tivated sorghums and Sudan grass, which 
are annuals, and Johnson grass, which is a perennial weedy grass (Kingsbury, 1964). Many 
publ ications are available about the constituents of S. vulgare (a cultivated sorghum). 

Grain sorghum (S. bicolor) is an important major crop in semiarid region because of its 
draught resistance (Watson, 1970). I t  thrives and produces both grain and forage under 
conditions that cause other crops to fail (Zipf et al. , 1950). It is a major crop in areas, particularly 
where rainfal l  becomes a l imiting factor for com production (Watson, 1970). Lately, there has 
been increased interest in sorghum with respect to its potential for starch production because 
its wet-mil l ing process is similar to that of com (Subramanian et al. ,  1994; Buffo et al., 1997, 
1 998a). There is also interest in the util ization of sorghum by-products such as surface wax 
and kafirin, the alcohol-soluble (prolamin) protein fraction (Buffo et al. , 1998b ).  

Sorghum ranks third fol lowing rice and wheat in world production as a cereal grain (Kramer, 
1959). It was reported that it ranks fifth in average of world crops being super passed by 
wheat, rice, maize and barley. It is grown in areas where the average summer temperature 
exceeds 20° C and the frost-free season is 125 days or more (Basahy, 1995). In general, S. 
bicolor is being grown in several countries as a staple food grain and or as fodder. 

Grain sorghum has been documented to have l ow protein digestibil ity relative to other 
grains. Low protein digestibil ity of sorghum is most pronounced in cooked foods and is ranked 
slightly l ower than com as a feed grain (Weaver et al., 1998). In vitro methods showed both 
protein and starch digestibil ities of the waxy, flour sorghum to be higher than those of the 
highly comeous cul tivar {Elmalik et al. ,  1986). 

Buffo et al. ( 1 998b) reported that sorghum hybrids were characterized as producing 
medium-sized, moderately dense kernels with soft endosperm, intermediate -to-low protein 
content, and higher starch content. Among proximal composition factors, protein and fat  had 
wider variabil ity than starch (Table 118). 

Table 1 18. Quality factors of grain Sorghum ( 46 hybrids) 

Factors 
Starch % 
Protein % 
Crude free fat % 
Total weight (kg/m 1) 

Mean+ SD Range 
71.76±2.28 69.11-76.48 
10.34±0.80 
4.06±0.34 

758.52±14.14 

8.98-12.14 
3.44-4.90 

725.97-792.90 

The proximate composition of grains of 11 sorghum cultivars (S. bicolor), grown in 
Argentina revealed that oil, protein, carbohydrate and ash content varied between 4.1-6. 6, 
I I. I- 15.6, 67 .0-73 .0 and 1.38-2.0 % ( dry matter) respectively (Maestri et al., 1996). 

The proximate composition of three varieties of sorghum grains (S. bicolor), grown in 
Gizan Area (Saudi Arabia), is shown in Tables 119 and 120 (Basahy, 1995). 

The mineral content ofS. vulgaris was as follows: Fe, 35.0; Ca, 202; Mg, 1520; Mn, 24.5 ;  
Zn, 25.2 and P, 3030 (µg/g dry weight) (Glew et  al. , 1997). 

Suslova and Ishin (1980) found wide genotypic variability of the fifty-nine varieties of 
Sorghum tested with regard to protein and tryptohan content of the grain. With each species 
(S. caffrorum, S. caudatum, S. durra and S. nervosum) studied, forms with consistently h igh 
protein content were noted. The amino acid composition of certain Sorghum species is shown 
in Table 121 and 122. 
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Table 1 1 9. Proximate composition of three varieties of Sorgh11111 grains 

Sorghum Moisture Ash Fat Protein 
varieties % % % % 

Hamra 1 1 . 83±0.1 20 1 .72±0.028 0.26±0,035 14.58±0.02 
Baidha 1 1 . 1 3±0.352 1 .73±0.032 0.33±0,037 1 3. 1 2±0.01 
Shahla 1 1 .43±0.328 1 .78±0,01 5 0.26±0.031 1 3.54±0.01 

Table 1 20. Mineral contents of three varieties of Sorghum grains (mg/I 00g dry weight) 

Mineral contents Hamra Baidha Shahla 
Ca 4.50 4. 30 4.95 
Na 2.92 
K 
Mg 
Mn 
Fe 
Zn 

628 
1 5.70 
0.70 
2.64 
4.80 

3. 1 6  3.00 
650 630 
1 5.36 1 7.08 

0.72 0.80 
1 . 68 2.84 
4.76 5.04 

Table 1 2 1 .  Amino acids composition of some Sorghum species 

Amino acids S. bicolor' S. vulgare" S. vulgaris'" 
g¾ total amino acids 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Cystine 
Valine 
Methionine 
lsoleucine 
Leucine 
Tyrosine 
Phenylalanine 
I listidine 
Lysine 
Tryptophan 
Arginine 
Total amino acid (protein 
content) (g¾ fresh wt) 

1 1 .6 
5.5 
5.7 

1 3.7 
5.9 
5.6 
7.9 
0.8 
4.8 
2.0 
3.5 
9.6 
4.7 
5.7 
2.0 
6. 5 
0.3 
4.3 
2.5 

7.3 8 .63 
3.5 4.25 
5.3 5.50 

2 1 .5  20.6 
8.5 8.82 
3.2 3. 83 
9.4 1 0.7 
1.7 2.44 
4. 1 6.07 
1 . 9 1 . 90 
3. 1 4.60 

1 3.6 1 4.8 
4.6 3.86 
5.2 5.67 
2. 1 2. 34 
2.7 2.77 
0.2 1 .87 
2.2 5.37 
6.7 1 1 4"" 

• Leaf of grass grown in lhc greenhouse (Yeoh and Watson 1982); •• Caryopscs (Ycoh and Watson 1981  ). 
••• plant (Glew et al., 1 997); •••• mg/g dry weight. 
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Table 1 22. Amino acid contents in protein hydrolysates in three varieties of Sorgl,11111 
grains (S. bicolor) as (mg/g total N) 

Amino acids Hamra Baidha Shah la 
Aspartic acid 409 399 578 
Threonine 1 9 1  1 86 1 90 
Serine 273 277 224 
Glutamic acid 1408 1 3 1 0  1 381  
Glycine 1 68 140 1 65 
Alanine 565 540 51 0 
Cystine 1 08 1 03 1 04 
Val ine 255 240 240 
Methionine 96 87 80 
l soleucine 242 209 236 
Leucine 840 824 836 
Tyrosine 278 271 264 
Phenylalanine 240 238 235 
Histidine 1 50 1 35 1 1 5  
Lysine 1 62 1 38 1 1 5 
Arginine 220 21 8 204 
Ammonia 1 61 142 1 35 

Bums and Smith ( 1 980) studied the relation between total nonstructural carbohydrate 
residue (TNCR) and neutral detergent fiber (NDF) and the use of each to predict in vitro dry 
matter disappearance (IV DMD) of forage sorghum (S. bicolor). They found that TNCR was 
significantly correlated with NDF and IVDMD. Hanna et al. ( 1 981 ) reported those four weeks 
after planting IV DMD of a brown midrib mutant of sorghum (S. bicolor) forage was 7.2 and 
5.6 % higher than nom,al forage for leaves and stems respectively. 

The study of changes in cell wal l  composi tion and degradability of sorghum (S. bicolor 
sudanese, a cul tivar), showed that among the monosaccharides contributing to cell wal l 
polysaccharides, the degradabilities ofarabinose and uronic residues were consistently higher 
than those ofxylose and glucose, the main components of structural carbohydrates. The total 
nonstarch polysaccharide content increased from 3 1 . l to 45. 1 % between the youngest stage 
to the mi lk-ripe stage. Arabinose, xylose, and glucose residues were: 4.9, 27.9 and 63.0 % of 
the total neutral sugars, respectively. The pattern of glycosidic linkages detected were mainly 
ascribed to the prrsence of (1 �4)-� -glucans (cellulose), arabinoxylan, ( 1�3)(1�4)-� -D­
glucan, ( I �4)-�-D-galac tan, ( I  �3)-� -O-galactan, rhamnogalacturonan and possibly 
xyloglucan. The cel lul ose content of the 5 studied sorghums was in order of growth, 14 .3, 
2 1 .8, 22. 3, 2 1 .2 and 22.0 % of dry matter. The mixed-linked glucan/cellulose ratio decreased 
during growth. Arabinoxylan, the predominant hemicellulosic polysaccharide, was about 33 % 
of the total neutral sugars consistently for a l l  sugar samples. Arabinose, found largely as 
terminal residues in the cell-walls, carried various amounts of alkali-soluble substi tuents, 
particularly at position 0-5 depending on the growth stage of sorghum. The extent of 0-5 
substitutions was closely related with both the lignin content (total phenol ic minus phenolic 
acids) and with cel lul ose degradability (Goto et al., 1 99 1  ). In sweet sta lk sorghum, the sugar 
content increased from the soft dough stage to the dead-ripe stage. Analysis of the intemodes 
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revealed that the mid-portions of the stalk contained higher amounts of sugars than the other 
parts (Krishnaveni et al. , 1 984). 

The grain l ipids of two sorghum varieties, growing in Nigeria, amounted to 3.68 and 5.28 %,. 
From the l ipids, eight glycolipid and six phospholipid classes were separated and characterized. 
Lysophosphol ipids consti tuted over 50 % of the phospholipids. Linoleic acid was the 
predominant fi1tty acid (Osagie, 1 987). In the white and red varieties of S. bicolor, l inoleic 
acid amounted to 46.3 and 46. 7 % in the oils (Raie et al., 1 995). The major fatty acids of 1 1  
sorghum cult ivars were palmitic ( 1 5 . 1 -24.8 %), oleic (29.9-4 1 .8 %,) and l inoleic (35.9-
5 1 .3 %,) (Maestri et al., 1 996). According to Raie et al. ( 1 995), the low percentage ofl inolenic 
acid in white and red varieties of S. bicolor (2. 1 and 1 .2 % respectively) as compared to the 
high percentage of l inoleic acid in the oils classi fy them as semi-drying oils and therefore they 
can be used for edible purposes. The fatty acids of S. vulgaris l ipids (7.5 %) were: C 14 ,0, traces; 
c

!
r, o' 6. 1 ;  c

l
r.:

l
' 0. 1 9; c

l 8:0' 0.65 ; c
l 8 I n-')' 1 1 . 1 ;  c

l 8:2n-6' 1 7.5;  C
I K:Jn-6' 0.6 1 and c20 0' traces (Glew 

et al., 1 997). 
Grain sorghum (S. bicolor) produced wax on the outer layers, or pericarp, of its kernel (at 

levels of 0.20-0.25 %), which was simi lar to carnouba wax (Lochte-Watson and Wel ler, 
1 999,2000). Sorghum wax has a high melting point of approximately 80°C and has a potential 
to be removed as a co-product of commercial sorghum processing. Eventual ly it  may be used 
in place of or with camouba wax in car, shoe and floor pol ish, as a paper coating or, as a 
confectionary coating (Lochte-Watson and Weller, 1 999). The major wax component was 
free fatty acids. The typical chain lengths of aldehydes, free alcohols and free fatty acids were 
C28 and C30 (Avato et al., 1 984). 

Sitosterol was the prominent sterol in grains of 1 1  sorghum cultivars (S. bi color) ( 43 .8-
57.9 %), followed by campesterol ( 1 8 .7-29. 1 %) and stigmasterol ( 1 2.4-20.5 %) (Maestri et 
al. ,  1 996). The grains of S. japo11ic11111 yielded campesterol, stigmasterol, P-sitosterol and 
friedelin. Both a- and P-amyrins were identified from the culms and blades of S. bicolor 
(Rizk, 1 986). 

The following compounds were identified in the volatiles of mechanically damaged S. 
bicolor (a host plant of the desert locust Schistocera gregaria): 3-pentanone, hexanal, (£)-2-
pentenal, l -penten-3-ol, (£)-2-hexenal, 4-methyl-3-pentenal, hexyl acetate, (£)-3-hexenyl 
acetate, (Z)-3-hexenyl acetate, (Z)-2-hexenyl acetate, hexanol, (£)-3-hexen- l -ol, (Z)-3-hexen­
l -ol, (Z)-2-hexen- l -ol, (£)-3-hexenyl butyrate and (Z)-3-hexenyl butyrate (Njagi and Torto, 
1 996). 

The sorghum grains afforded several flavonoids and other phenolic compounds e.g. (±)­
catechin, naringenin,  procyanidin B 1 , taxifolin,  eriodictyol, quercetin, taxi fol in-7-O-P­
g lucos ide ,  eryod ic tyol -5 -O-gl  ucos ide ,  q uercet in-7- O-p -g l  ucos ide  and 5 ,  7 ,3  ' ,4  ' ­
tetrahydroxyflavan-5-O-P-glucosyl-( 4,8)-eryodictyol . Trimeric, tetrameric and pentameric 
procyanidins were also identified (Gujer et al., 1 986; Magnolato et al., 1 986). Apigenin, luteolin, 
apigenin and luteolin 7-O-glucosides,p-coumaric acid, butin and apigeninidin were identified 
in leaf blades and sheaths from 24 sorghum varieties. The detection of the derivatives of the 
fol lowing compounds was also reported: apigenidin, luteolinidin, chalcone, flavanone and/or 
dihydrotlavanol and cinnamic acid (Mueller-Harvey and Reed 1 992). Luteoferol (4,5,7,3',4'­
pentahydroxyflavan), which gives luteolinidin on acid treatment has been characterised in 
leaves and grain coats of S. vulgare. Tricin, l uteoforol, apigiferol (apigenin flavan-4-ol) and 
flavone C-glycosides have been detected in the leaves of four Sorghum species (Harbome and 
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Williams, 1976; Rizk, 1986). Flavan-4-ols have been identified in young leaves of mould­
resistant accessions of S. bi color (Jambunathan and Kherdekar, 1991 ) .  A stable 3-
deoxyanthocyanidin, apigenidin chloride, a potential fungal growth inhibitor and a useful 
dye, has been isolated with a high yield (IO '¼, dry weight) as the maj or pigment in the sheaths 
ofS. ca11dat11111 (Kouda-Bonafos et al., 1994). A red dye consisting ofcyanidin, quercetin and 
pclargonidin, was isolated in a yield of 0.7 % from the bran of sweet sorghu111 (S. durra). A 
polymeric procyanidin (922, n = 4 or 5, average molecular weight I, 700-2,000) was isolated 
from the grain coat of Sorgli11111 grains. Ferulic, syringic, vanillic and hydroxybenzoic acids 
were also identified in Sorg/111111 species (Rizk, 1986). Investigation of three sorghu111 cultivars 
showed that the tannin content of ungenninated grains were 220,400 and 410 mg/ l 00 g. For 
all cultivars, ungerminated grains were found to contain no free or total cyanide. Both free 
and total cyanide were significantly increased with the length of ti111e of germination of all 
cultivars (Ahmed et al., 1996). Polyphenols have been found to increase at the rate of 18 g/ 
grain/day, peaking at day 60 (750 g/grain) and then declining (Kleiber et. al., 1986). 

HO 

n 

OH 

OH 

922 Procyanidin 

A potent anti fungal substance, 2-hydroxy-5-methoxy-3-(8'Z, 11 'Z, 14'-pentadecatrien)yl­
l,4-benzoquinone, together with its metabolite was isolated from etiolated sorghum seedlings 
(Suzuki et al., 1998). 

Dhurrin (S-p-hydroxymandelonitrile 13 -D-glucospyranoside, 923) was detected in seedlings 
of various Sorghum species (e.g. Haskins and Gorz, 1 985; Rizk, 1986; Okoh et al. , 1988). The 
effect of environmental and genetic factors on the cyanogenic content of sorghum varieties 
(particularly Sudan grass S. sudanense) has been extensively studied. Of the fourteen varieties 
of Sorghum analysed by Hauwirth ( 1 954) for their dhurrin content, the perennial sorghum (S. 
almum) had the highest content, kafir (S. cajfrorum) the lowest, while Sudan grass had an 
intermediate level. The leaf contains three to twenty-five times as much as the corresponding 
stalk. Grain sorghum (Sorghum spp.) leaf tissue samples ranged from 240 to 480 ppm HCN 
on a fresh weight basis and from 3,000 to 6,000 ppm on a dry basis. Cyanide potential (amount 
of nitrile glycoside in the plant) varied with a number of factors, e.g. environmental factors, 
age of plant and inheritance. Young growth tended to have the highest HCN potential (Rizk, 
1986). To a degree, the darker green the plant was, the higher cyanide content it had (Kingsbury, 
1964). Poisoning of livestock from Sorghum is due to their HCN content (Watt and Breyer­
Brandwijk, 1962; Kingsbury, 1964 ). 
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923 (S)-Dhumn 

31 . 1  Sorg/mm l,a/epe11se (L.) Pers. ,  Syn. Pl . I: 10 I ( I 805). 
syn. Holcus halepensi� L., Sp. Pl., ed. 1 ,  1 047 ( 1 753); Andropogon sorghum (L.) Brot. subsp. 

lwlepensis (L.) Hackel in DC., Monog. Phan. 6:50 1 ( I  889). 

Heliban, Zurrah (Ar.); Johnson grass (En.) 

Tall perennial grass reaching over a meter high with rhizomes. Culms thick, terminating in 
large open panicles. Leaves large, l inear lanccolate, flat. Panicles green, pale yellow or purple­
tinged. Spikelcts, a pair:one pedicellated and the other se sile, awned. 

Habitat and Distribution 

An occasional grass near residential areas on moist sites or in house gardens but not seen in the wild. 
The mtroduction of this species in Qatar must have been via the imported brooms from neighbourmg 
countries. used to clean the outer areas of local houses. 

Con ·tituent 
Sorghum halepense has been reported to furnish hay in arid regions, of a quality that was 
slightly inferior to the forage of buckwheat and of the following composition: water (15 .00, 
15.00 ° o), crude protein (6.58, 8.43 ° o), crude fat (1.25, 1.85 %), non-nitrogenous compounds 
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been isolated from J. effi1sus. Many of the isolated 9, I 0-dihydrophenanthrenes were cytotoxic 
and had antialgal activity (Della Greca et al., 1995-1997). Tetrahydropyrene glucosides ( e.g. 
928, 929) have been isolated from J. effi1sus (Della Greca et al., 1995a, 1996). 

Table 128. Amino acids analysis (mg g· 1 ) of live, dead and decayed J. rosmarinus 
and detritus decomposed in situ'. 

Amino acids Live Dead Decayed Detritus 
Lysine 4.3 1.7 2.6 3.0 
Histidine 1.8 0.7 0.6 1 . 1  
Arginine 4.0 1.6 2.8 3.3 
Aspartic acid 6.6 3.9 4.8 7.5 
Threonine 3.7 2.3 2.3 4.4 
Serine 3.5 2.3 2.8 4.1 
G lutamic acid 8.7 4.2 5.0 8.2 
Proline 1 1.9 2.1 2. 3 3.7 
G lycine 3.9 2.4 2.8 4.8 
Alanine 4.5 2.4 2.9 4.9 
Half Cystine trace trace 0.3 0.5 
Valine 5.2 2.3 2.5 4.2 
Methionine 1.0 0.8 0.8 1. 5 
Isoleucine 3.4 1.7 2.1 3.1 
Leucine 5.8 3.0 3.8 5.5 
Tyrosine 2.3 1 . 1  1.0 2.1 
Phenylalanine 3.7 I .8 2.1 3.2 
Total amino acid (AA) 74.3 34. 3  41.5 65.1 

(78.6) (36.4) (45.4) (92.3) 
Crude protein (CP) 79.0 49.5 57.6 87.I 

(83.6) (52.6) (63.0) (123.5) 
% AA in CP 94.05 69.29 72.05 74.74 
"Values in parentheses arc based on ash-free dry weight (De la  Cruz and Poe, 1 975b). 

A cytotoxic compound identified as 2,8-dihydroxy- l ,  7-dimethyl-6-vinyl- l 0, 11-dihydro­
dibenz[b,fJ oxepin was also isolated from J. ejfusus (Della Greca et al., 1993b ). 

From the medullae of J. ejji1sus, 13 compounds were isolated: a (2S)-2,3-isopropylidene-
1-O-p-coumaroyl glyceride (juncusyl ester A), 2-O-p-coumaroyl glyceride (juncusyl ester B), 
5a-spinasterol, � -s itosterol, �-sitosteryl-� -D-glucoside, effusol, p-coumaric acid, 
isoscutellarein pentamethyl ether, nobiletin, quercetin, rutinose and vanillic acid (Jin et al., 
1996). 

Several other flavonoids have been detected in Juncus species. Apignin, 7-methoxyapigenin, 
7-methoxyapigenin-4'-glucoside, luteolin and its glucoside were identified in J. acutus and 
other species (Rizk, 1 986). 

The carotenoids lutein, �-carotene, cryptoxanthin, auroxanthin, neoxanthin, flavoxanthin, 
chrysanthemaxanthin, violaxanthin and a flavochrome (a-carotene 5,8-epoxide) were detected 
in J. bufonius and J. gerardii (Rizk, 1986). a-Tocopherol was identified in J. effi1sus var. 
decipiens (Oyaizu et al., 1991 ). 
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929 R1 = R2 = P-D-Glucopyranosyl 

930 Taxiphyll n 

Cyanogenic glycosides (taxiphyllin, 930 and dhurrin) have been reported in several Juncus 
species. Rhizomes of cyanophoric plants are always cyanogenic, whereas the seeds are not. 
The adult needlerush (J. rosmarinus) contained an unexpected high amount (0.2 g/kg) of 
a lkaloids (Rizk, 1986). 

J, efji1sus var. decipiens possessed antioxidative and antimicrobial activities (Oyaizu et 
al., 1991). 

J. efji1sus is a well-known source of rushes for mat making, domestic utensils and is used 
as a fodder plant (Rizk, 1986). 

1 . 1 .  J1111cus rigitlus Desf., Fl. Alant. 1 : 312 ( 1798). 
syn. J1111c11s 111ariti11111s Lam. var, arabic11s Asch. and Buchenau in Boiss., Fl .  Orient. 5 :354 ( 1 882), 

excl. syn J. spi11os11s Forssk.; J. arabicus (Asch. and Buchenau) Adamson, J. Linn. Soc. 
London (Bot.) 50: 1 0  ( 1 935). 

Tanda (Ar.) 

Perennial rush with deep-burried rhizomes giving off upright leafy shoots appearing sedge­
like or grass-like. Shoots upright, rigid, up to a meter high ending in a sharp point. Inflorescences 
dense panicles arising sideways. Flowers grass-like with perianth (3 + 3) and 6 stamens. 
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Habitat and Distribution 

common plant of highly saline habitats and coastal areas. Plant extremely tolerant of saline soils with 
a high water table where most other plants cannot survive. 
Common by the shoreline S. of Ras Ushairij, Um Almaa and further south. Frequent on the pure stand 
South of Fuwairyt and elsewhere and an invader of sewage water disposal pools. 

Constituents 
The proximate analysi , amino acids, fatty acid and minerals of J. rigidus, growing in Qatar, 
are shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d). 

Phytochemical screening of J. rigidus, growing in Qatar, revealed the presence ofalkaloids, 
coumarins, tlavonoids and sterols (and/or terpenes) (Rizk et al., 1986a). 

Field experiments with J. rigidus andJ. acutus indicated that these plants can be successfully 
cultivated in saline soils and could desalinise the soi l  on which they grew and produce as well 
seeds rich in oils, proteins, amino acids, carbohydrates, etc. Both species have agro-industrial 
economic potentials with J. rigidus being preferred because of i ts greater resistance to fungal 
infections, greater salt tolerance and desalinising action and as well as the rich chemical 
composi tion of its seeds (Zahran et al., 1 979). 

J. maritimus (J. rigidus) has been reported to yield 90-92 % of cellulose m the unbleached 
dry pulp (Rizk, 1 986). 
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Common mallow (Malva sylvestris) contained 0.47 % lipids; the fatty acids of which were 
identified as follows: C 14,0, 0.77; C 16,0, 1 5 .60; C 1 6,3,.,3, 0.8 J ;  C 16,2"'6, 0.27; C 1 6, h07, 1 . 99; C 1 8  0, 

2 .07; C I X:JcoJ' 42.22; C 1 8,4o,J' 0.29; C 1 8,2"'6, 10.40; C I X:Jrn(,' 0.50, C 1 8, 1017, l , J 4, C 1 8, 1"'9, J .73 ; C20 1 , 

1 .04; C20 3"'6, 1 .23 and C20,-1w6, 5.30 (Guil et al., 1 996a). Four active factors (a,j3,y and M of 
vitamin E were detected in oil of running mallow (M. rotundifolia) seed (Wang, 1996). 

A water-soluble arabinogalactan composed of D-galactose and L-arabinose in the mole 
ratio of I :  1 .4 has been isolated from the flowers of M. mauritiana. It had a highly branched 
structure. The core consisted of 1 ,6-linked 13-D-galactopyranose units, about 65 % of whieh 
were substituted in position C-3 by side-chains of mainly 1 ,5-linked a-L-arabinofuranosyl 
residues (Capek and Kardosova, 1 995). A neutral heteropolysaccharide consisting of D­
galactose (23.4 %), L-arabinose (34.3 %) and L-rhamnose (42.2 %) has been also isolated 
from the mucilage of flowers of M. mauritiana. It had a branched structure with 3,6-linked D­
galactopyranose, 5- l inked L-arabinofuranose as wel l  as 4-l inked and terminal L­
rhamnopyranose residues as  the main building units (Capek e t  al. , 1 999). The mucous 
polysaccharides of M. silvestris, with peptide chains were able to form a colloidal film on the 
skin contributing to the inhibition of irritations and inflammations (Eggensberger et al., 1 999). 

The leaves of M. silvestris contained sulphated flavonol glycosides (gossypin 3-sulphate, 
hypolaetin 8-O-13-D-glucoside-3'-sulphate and gossypetin 8-O-13-D-glucuronide-3-sulphate) 
(Rizk, 1 986). 

The two main anthocyanins detected in M. silvestris were malvin and malvidin 3-O-(6"­
O-malonylglucoside )-5-O-glucoside (Farina et al., 1 995) and its flowers contained scopoletin 
in a range of 1 0  to 30 mg/g dry weight (Tosi et al. , 1995). Malvidol 3,5-diglucoside chloride (931) was identified from the anthocyanins of M. sylvestris, treated with HCI (Societe Civila 
d' Investigations, 1 980). 
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931 Malvidol 3,5-diglucoside chloride 

-
Cl 

Oral administration of 50 % ethanolic extract of flowers of M. viscus (800 mg/day) to 
healthy adult male rats for 60 days caused degenerative changes in their spermatocytes, 
spermatides and sperms (Gupta et al., 1 985c ). 

The manufacture of a good spinning fiber from the root of M. crispa has been early reported 
(Rizk, 1986). 
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nonacosane (60 %), triacontanol, and the phytosterols cholesterol (8.7 %), campesterol (21 .6 %), 
stigmasterol (37.2 %) and sitosterol (32.4 %) (Andhiwal and Kishore, 1 982). 
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993 Kimmonsoide B;' 6' = S 

Different classes of flavonoid compounds (flavones, flavonols, flavans, flavanones and 
cha Icon es) were isolated from several Acacia species ( e.g. Rizk, 1986; Ahmed, 2000). Examples 
of these compounds are shown in Table 132. 

A. jarnesiana has been reported as both cyanogenic and acyanogenic. Linamarin and 
lotaustralin are the major cyanogens of the plant. The plant contains several flavonoids and 
other phenolic substances (e.g. kaempferol and its glyeosides, gallic acid), monoterpenoids 
(and other consti tuents in the floral oil), and alkaloids (e.g. tyramine) (Rizk and AI-Nowaihi, 
1 989; Prasad, 1995 ). The free non-protein amino acids of the plant were identified as N­
acetyl-L-djenkolic acid (a sulphur amino acid first isolated from A. farnesiana), pipecolie 
acid and 4-hydroxy pipecolic acid (Rizk and Al-Nowaihi, 1 989). 

The use of the different parts of A. farnesiana (root, bark, leaves, flowers and seeds) in 
folk medicine has been reported (Rizk and EI-Ghazaly 1995). The wood is of value as a 
timber (Rizk and Al-Nowaihi, 1989). 

Several other flavans ( e.g. catechin, leucoanthocyanidins, leucodelphinidins, leucofisetindin 
and mollisacacidins) have been isolated from Acacia species (Ahmed, 2000). Melacacinidin 
is the name proposed for the anthocyanidin 3,3',4',7,8-pentahydroxyflavylium (isolated from 
A. melanoxy/011) and leucomelacinidins for the corresponding leucoanthocyanidins (Foo and 
Wong, 1986). Biflavonoid proguibourtindin carboxylic acid (based on (-)-epicatechin or ( + )­
catechin as constituent units) and their biflavoniod homologies were isolated from the 
heartwood of A. luedertizii (Ferreira et al., 1985). Five (+)-ca tech in galloyl esters were isolated 
from the bark of A. gerrardii (Malan and Pienaar, 1 987). Condensed tannins (procyanidins, 
prodelphinidins and profisetinidins) were isolated from the heartwood of A. baileyana var. 
p11rp11rea. These tannins were heterogeneous, consisting of a mixture of the resorcinol and 
phloroglucinol series (Foo, 1 984). Other phenolics viz. ellagic acid, ethyl gallate, gallic acid, 
gallanin, gallocatechim, gentisic acid and methyl gallate, have been identified in many Acacia 
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species (Ahmed, 2000). The pods of A. arahica are rich in tannins (30.4-41 .7 %). A. arahica, 
an important and widespread tree of India and Pakistan has been used local ly for tanning. The 
bark has 1 2-20 % tannins but contains a large amount of coloured material (Howes, 1 953; 
Seigler el al., 1 986). The tannins present in the aqueous extracts of leaves, bark, wood and 
immature fruits of A.famesia11a amounted to 3.04, 3.30, 0. 1 2  and 4.60 % respectively  (Seigler 
el al. , 1 986). The efficiency of tannins from A. farnesiana for the tanning of leather has been 
determined by Seigler and Hernandez ( 1 989). Tannins penetrated the hide in 9 days and gave 
an acceptable colour. 

Table 132. Examples of different classes of flavonoids in some Acacia species 

Species 
I. A. aroma 

Flavonoids 
Apigenin, 7-hydroxyflavone, isorhamnetin, 
myricetin, myricetin-3-O-glucoside and 
myricetin 3-O-rhamnoside 

2. A. a11ric11lifor111is Auriculo  ide (994) 

3. A. caleclm Quercetin, 3-methylquercetin, 
dihydrokaempferol and dihydroquercetin 

4. A. caven l sovitexin, luteolin, vitexin, isorhamnetin, 
quercetin 3-O-galactoside and quercetin 
3-O-glucoside 

5. A. confusa Myricetin 3-O-(2"G-gal l oyl)-a-rhamnoso-
7-methyl ether, myricetin 3-O-(3"-O-gal loyl)­
a-rhamnose-7-methyl ether, myricetin 
3-O-(2",3"-di-O-gal loyl)-a-rhamnose, 
2,3-cis-3,4- cis-4'-methoxy-3,3', 
4, 7,8-pentahydroxylflavan, 2,3-cis-3,4-cis-3 
3',4,4', 7,8-hexahydroxytlavan "mclacacidin" 
(995) and 3',4',7,8-tetrahydroxytlavonol, 2,3-
trans-3 ',4', 7 ,8-tetrahydroxydihydrotlavonol 

6. A. cyanophy!la Apignin 6,8-bis-D-glycosidc, 3-
hydroxylfavone, 8-O-methyltlavan and 
tetrahydroxychalcone-4-glucoside 

7. A. famesiana Kaempferol 7-glucoside, kaempferol 7-
gal loylglucose, apigenin 6,8-bis-
gl ucopyranoside, dihydrokaempferol 
(aromadendrin), naringin and narringenin 

8. A. fructospina I sovitexin, isovitexin rhamnoglucosidc, 
vitexin, luteol in, isorhamnetin 3-O­
glucoside and quercetin 3-O-glucoside 

9. A. galpinii Melacacidin, tetracacidin (996) and 
proteracacinidin-type oligotlavonoids 
(ent-oritin (4a-O-4)-epioritin-4a-ol and 
epioritin-( 413-0-4) epioritin-4a-ol) 

References 
Ahmed (2000) 

Rizk ( 1 986) 
Sharma el al. (1 999) 

Ahmed (2000) 

Lee and Chou (2000); 
Lee et al. (2000) 

Ahmed (2000) 

Rizk ( 1 986) 

Ahmed (2000) 

Coetzee et al. ( 1 998); 
Ahmed (2000) 

-- - � - - ---- - - -- - -
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Species 
1 0. A. /at(/olia 

1 1 . A. longifo/ia 

Al-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Table 132. Cont. 
Flavonoids 

l sorhamnetin, myricetin 3-O-glucoside, 
myricetin 3-galactoside, quercetin 3-O­
glucoside, quercetin 7-O-glucoside, and 
quercetin 3-O-rutinoside 
Naringenin, kaempferol glucoside and 5,2',5'­
trihydroxy-6, 7-dimethoxyflavanone 

References 
Ahmed (2000) 

Anam ( 1 997); Ahmed 
(2000) 

1 2. A. 11eovemicosa Chrysin, 3-methylkaempferol, 3,3'- Ahmed (2000) 

1 3. A. salig11a 

dimethylquercetin, 2,4'-dihydroxychalone, 
4'-hydroxy-2'-O-methylchalone and 2,4'­
dihydroxy-3 '-O-methylchalcone 
Quercetin 3-rhamnoside, kaempferol glucoside, 
naringenin, naringenin 7-O-�-D-glucoside 6"­
acetate (997), naringenin 7-O-�-D-glucoside, 
6-C-glucosylnaringenin and quercetin 

EI-Shafae and EI­
Domiaty ( 1 998); 
Ahmed (2000) 
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997 Naringenin 7-0-�-D-glucoside 6"-acetate 

One of the most important tanning materials is black mimosa extract. Green mattle (A . 
decurrens), the silver or blue mattle (A. dea/bata) and the golden mattle (A. pycantha) were 
also used in many countries. Tannins yield from A. mearnsii was about 39 % dry barks. The 
tannin content of several Acacia species has been reported (Rizk, 1 986) .  

The black heartwood of  A.  nigrescens yielded nigrescin (2,3', 4', 6,7-pentahydroxy-2-
benzylcoumaran-3-one (998)). Australian blackwood, A. melanmy/on yielded two quinines 
(2,6-dimethoxy-p-benzoquinone and 2-methyl-6-methoxy-furanobenzoquinone, (999) 
"acamelin"), which were responsible for the al lergy inducing properties of this species (Rizk, 
1 986). 
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998 Nigrescin 999 Acamelin 

Alkaloids have been identified in many Acacia species. Examples of these alkaloids arc 
shown in Table 1 33. 
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Species 
I .  A. berlandeiri 

2. A. co11fi1sa 

Table 133. Alkaloids of some Acacia species 

Alkaloids 
Hordcninc, N-mcthyl tyraminc, phcnylethylaminc, 
tyraminc and tryptamine 
N-mcthyltryptaminc and N,N-dimethyltryptaminc 

References 
Ahmed (2000) 

Lee and Chou 
(2000) 
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3. A. co11ci1111a Calycotominc (1 000) and nicotine (1 001) Rizk ( 1 986); Ahmed 
(2000) 

4. A. 111allissi111 
5. A. rigidula 
6. A. spirobis 

Nicotinic acid and trigoncl l ine 
N-mcthyltyraminc and N-methyl-J3-phcnylaminc 
Hordcninc and N'-cinnamoylhistamine (1002) 

Ahmed (2000) 
Ahmed (2000) 
Ahmed (2000) roOH 

Meo 
NH 

:::,.._ 
Meo 

�J:) 
tJ 7 
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�N� 
V H tJ N 

H 
1 000 Calycotomine 1 001 Nicotine 1002 N"-cinnamoylhistamine 

Many Acacia species have chemical deterrents or anti-nutritional factors, which can be 
mainly grouped into cyanogcnic glycosidcs and polyphcnols (mainly tlavonoids and tannins). 
Cyanogcnosis has long been recognised among various Acacia species. Numerous reports of 
positive cyanide tests have appeared in the l iterature, but few compounds were actually isolated 
and characterised. Among the cyanogcnic glycosidcs identified arc: hctcrodcndrin (Jaroszcwski, 
1 986), proacacipctalin (1003), proacacibcrin ( 1004), acacipetalin, l inamarin and lotaustralin 
(Rizk, 1 986). Forty-five Austral ian Acacia species have been found to be cyanogcnic (Maslin 
et al. ,  1 987), of which 19 produce more than the considered danger level (20 µ mol g· 1 HCN). 
The tox ic potential of these species depends on the presence of both cyanogcns and the 
hydrolysing enzymes, which l iberate HCN from the cyanogcns (Fagg and Stewart, 1 994). 

RO 

HO�o ,CN 

HO HO � 

1003 Proacacipetalin; R= H 
OH 

1 004 Proacaciberin R= \---::A 
HO-tic>'

'/ 

Acacias arc predominantly bee-pol linated and acacia honey has an international market 
(Fagg and Stewart, 1 994). Crane et al. ( 1 984) l isted I O  species as important world honey 
sources. 

The use of several Acacia species in folk  medicine has been reported (Watt and Brcycr­
Brandwij k, 1 962; Lewis and E lvin-Lewis, 1 977; Rizk and EI-Ghazaly, 1 995). The molluscicidal 
activity of certain Acacia species has been reported e.g. A. concina (Hyalij, 1 999) and A.  
ni/otica subsp. ni/otica (Ayoub, 1 985). 

-=----=- - -- - - - - - -
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Published accounts concerning lectin (phytohcmagglutinin) activity in seeds of Acacia 
species are contradictory and generally indicate that lectin activity occurs only rarely. The 
contradictory reports may be related to naturally low levels of activity and its transient nature 
(Rizk, 1986). 

1 . 1. Acacia eltre11hergimw Hayne Getreve Darstel l .  Gew. I 0, t .29 ( 1827). 
syn. Mimosa Jla\l{t forssk., Fl. Acgypl.-Arab. 1 76 ( 1 755), 110111. 1llcgit.; Acacia jlm•a (Forssk.) 

Schwcinf. 110111 . i llegit. , non A. /lava Spreng. ex DC; A. jlava var. eltre11bergia11a (Hayne) 
Roberty. 

Sal lmn (Ar.) 

Perennial woody armed shrubs or trees up to 3. 5 m high (in good growth condition). Stems 
many, arising near the base, fissured with occasional dark exudates; new shoots reddish, with 
soft spines, spines stipular with short prickles equally present on older branches. Leaves 
compound, pinnate, of 1-2 pairs of pinnae, deciduous in summer; leaflets minute. Inflorescence. 
axil lary, capitate, I-many on peduncles 2.5-3.5 cm long; flowers scented, yel low. Pods pale 
brown, dehiscent, falcatc. 

Habitat and Distribution 

Widespread in deep rodats all ov r Qatar. 

Constituents 
The proximate analysis and minerals of A. ehre11be1 iana, growing in Qatar, arc shown in 
Tables 175, 177 and 178 (AI-Easa, 2002a,c,d). 
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The fol lowing compounds were detected in the lipid of A. ehrenbergiana (Ahmed, 2000): 
Fatty a lcohols: cosanol, tricosanol, letracosanol, pentacosanol, hexacosanol, octacosanol, 
triacontanol and dotriaconlanol . 
Hydrocarbons: hexadecane, octadeeane, eicosane, docosane, tricosane, tetracosane, 
pentacosane and hexacosane. 
Sterols: cholesterol, campesterol, stigmaslerol and a-spinasterol. 

Fatty acids: myristic (3.68 ° n), pentadecanoi c ( 1 5:0) ( 1 .44 %), palmittc (30.40 %) margaric 
( 1 7: 0) (32. 1 6  '½,) stearic (3.84 %), oleic ( 1 5.90 %), and linoleic ( 1 2.58 ° o) acids. The plant 
contains the flavonoids diosmetin, taxifol in, kaempferol, myricetin, and apigenin together 
with gallic acid, methyl gallate, flavan-3-ol gal late and gal locatechin 3-gal late (Ahmed, 2000). 
The species was also reported to contain terpenoides, coumarins, flavonoides and saponin 
(Rizk et al., 1 986a), and has an anti-inflammatory activity (Rizk et al. ,  1 985c). The coumarins 
(scopoletin (270) and umbell iferone) were detected in the roots of plants col lected from Saudi 
Arabia (Khalil et al., 1 98 1  ). 

1 .2. Acacia 11ilotica (L.) Delile, Descr. Egypte, Hist. Nat. 79 ( 1 81 4). Subsp. indica. 
syn. Mimosa 11ilotica L., Sp. Pl., ed. I ,  52 1 ( I  753). 

Sunt (Ar.), Garadh (Ar.) for fruit 

Large trees reaching up to 5 m high. Leaves bipinnate of 5-6 pairs of leaflets. Inflorescences 
tenninal and axil lary, eap1tate, of yellow flowers. Flowers minute with exerted anthers, sweetly­
scented. Fruit schizocarpic, lomentum of varying lengths, sometimes exceeding 1 5  cm, beaded, 
of up to 1 5  mericarps. 
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Habitat and Distribution 
Exotic tree grown in Doha and many towns as an avenue and park trees; also planted in many sites for 
shade. 

A. 11ilotica subsp. i11dica is the most widely used taxon in India and is also a widely planted 
exotic, as providing valuable fodder sources around Shinyanga province of Tanzania, though 
other subspecies of A. 11ilotica are indigenous there. I t  was introduced in the early part of this 
century as a fodder and shade tree on the treeless grasslands of central western Queensland, 
Australia. I t  proved very successful while sheep were managed there, but with the change 
over to cattle grazing, it became a weed, spreading along drainage l ines and forming dense 
thickets. Feeding trials of its pods showed the reason for its spread, where 81 % of the seed 
ingested by cattle was recovered in the dung while less than I % was recovered from the 
sheep (Harvey, 1 98 1 ; Fagg and Stewart, 1 994). 

Roasted seeds of A. 11ilotica are consumed in the Sahel (Von Maydel l ,  1 986; Fagg and 
Stewart, 1 994). 

Constituents 
The nutritive value of babul (A. 11ilotica) seeds and their evaluation as l ivestock feed have 
been reported. The proximate composition of the seeds is shown in Table 1 34. The nitrogen­
free extract is slightly higher than that of cotton seed cake. The amino acids concentrations of 
kernels are similar to those of peanut protein. Calcium and sodium contents are low (Kumaresan 
et al. , 1 984). 

The seeds of Indian babul (A. 11ilotica; syn. arabica subsp. i11dica) contained 5 .6 % oil, 
1 9.6 % protein and 1 5.9 % cmde fiber. 

Table 134. Proximate analysis of seeds of A. 11ilotica· 

Description Kernels I lulls Whole Seeds 
Dry matter % 94.5 92.5 93.9 
Cntde protein % 45.2 5 .6 1 7.3 1 9.6 
Oil content % 1 1 .5 0.4 3.5 5 .2 
Crude fiber % 2.5 23.2 1 6.6  1 5 .9 
Ash content % 5.4 3.1 4.0 3.7 
• Kumarcsan et al. ( 1 984 ); ·· l)cv1 et al. ( 1 979). 

The amino acid composition of the seeds of A. nilotica, growing in India, is shown in 
Table 1 31 .  A. 11ilotica was reported to contain relatively high free amino acids (Kadam, 2000). 

The free and combined sugars in the different parts of A. nilotica, growing in Egypt are 
shown in Table 1 35 (EI-Sissi et al., 1 965). 

P lant part 
Deseeded pods 

Seeds 
Bark 

Table 135. The sugars of A. nilotica 
Free sugars 

Glucose 

Sucrose and raffinose 
Sucrose 

Combined Sugars 
Galactose, glucose, arabinose, traces of 
xylose and rhamnose 
Galactose, glucose, fructose and xylose 
Glucose and arabinose 
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The gum that the tree exudes freely during March and April contains 50.43 % pentosan 
and 21.85 % galactan and yielded arabinose and galactose and traces ofrhamnose on hydrolysis 
(Rizk and AI-Nowaihi, 1986) . 

The free-proline content in the leaves of A. nilotica, growing in India, has been reported 
(Bagchi and Singh, 1994). 

The fatty acid composition of babul (A. ni/otica) seed oil is shown in Table 136 (Devi et 
al., 1979). 

Table 136. 
Fatty acids 

16:0 
18:0 
18:1 
18:2 
20:0 

Fatty acid composition (wt %) ofbabul seed oil 
A. ni/otica (India) A. arabica (Sudan) 

15.2 20.8 
8.4 

26.3 
48.7 
1.4 

42.0 
36.0  

1 .2 

The seeds of A. nilotica contained two flavonol glycosides viz. 5-hydroxy-7,4'-dimethoxy-
8-isoprenylflavone-3-O-D-xylopyranoside and 5, 7 ,3 ',4'-tetrahydroxy-6,8,2'-trimethoxyflavone-
3-O-a-L-rhamnopyranosyl-( l -..+2)-O-P-D-glucopyranoside (Chauhan et al., 2000). 

The fruits and bark of A. ni/otica subsp. ni/otica, tomentosa and astringens showed high 
molluscicidal activity against snail species Bulin us truncatus and Biomphaloria pfeifferi. This 
was mainl y  to flavanol derivatives, isolated from tannin extracts and characterised as (-) 
epigallocatechin-7-gallate and (-) epigallocatechin-5,7-digal late (Ayoub, 1985) 

The pods of A. nilotica, collected in India, contained Zn, 19. 78 ppm; Mn, 20.0 ppm and 
Fe, 15 .9 mg/100 g (Desai et al., 1 984). 

The different parts of the plant are rich in tannins and have been evaluated as a source of 
tanning material. The deseeded pods, seeds, bark and wood of A. ni/otica, from Egypt, contained 
34.95 %, 6.61 %, 27.11 % and 6.35 % tannins respectively (Rizk and AI-Nowaihi, 1989). 
Pods of A. nilotica subsp. nilotica have been used for tanning in Egypt for the last 6000 years 
and pods of A. nilotica subsp. astringens are traditionally used in West Africa in Ghana and 
Nigeria (Fagg and Stewart, 1994). Deseeded pods of A. nilotica subsp. tomentosa (Benth.) 
Brenan and subsp. nilotica can reach up to 60 % tannin l evels (Imperial Institute, 1913). 
Several other phenolics have been identified from the different parts of A. nilotica from Egypt 
(Rizk and AI-Nowahi, 1989). The phenolics of A. nilotica, from Ethiopia, amounted to 50 % 
dry weight (Reed et al., 1985 ). 

A. ni/otica is one of the few Acacia species planted for timber, in both Sudan and the 
Indian subcontinent. Its t imber from the Nile forests had been harvested since the time of 
Pharaohs, and is managed at present on a 20-30 year rotation producing termite-resistant l ogs 
especial l y  suitable for railways sleepers (Fagg and Stewart, 1994). A. nilotica furnishes a 
valuable wood for house-beams, furniture and also in boat construction (Adcwoye and Rao, 
1977). The wood is hard, heavy, durable, fine-textured and resistant to rot. The termites and 
borers and is useful for fencing, local building and is a good fuel (Rizk and AI-Nowaihi, 
1989). Hussain ( 1989) determined the total biomass for the estimation of fuel wood from the 
green form of A. nilotica, using fine growth models. Out of these, al lometric models gave 
better results. 



Tab le 139. Chemical scores of essential amino acids of some legumes• 
Legume 

Mesquit (Prosopis spp. b) 
Djenk:ol bean (Pithecellobium lobatum) 

immature 
mature 

Tamarind (Tamarindus indica) 
Soybeand (Glycine max) 
Winged bean< (Psophoca,pus tetragonolobus) 
Peanut (Arachis hypogaea) 
Cowpead ( Vigna spp. )  
Chickpead (Cicer arientium) 
Dry beand (Phaseolus vulgaris) 
Broad beand ( Viciafaba) 

Amino acids 
Thr Val Met + Cys Ile Leu 
55 76 71 75 90 

40 36 80 32 3 1  
48 46 1 1 1  40 38 
80 98 1 00 1 25 1 2 1  
96 97 74 1 14 1 1 0 

1 07 99 79 1 22 128 
65 84 68 84 9 1  
90 9 1  64 96 1 00 
94 92 63 1 1 1  1 06 
99 93 54 1 05 1 08 
84 89 44 1 00 1 0 1  

P he + Tyr Lys 
1 05 7 1  

65 45 
88 58 

1 6 1  1 3 8  
1 33 1 1 7 
148 147 
1 46 65 
128 1 26 
142 1 26 
1 27 1 32 
1 24 1 1 9  

Limiting amino acid 
first second 
Thr Met + Cys, Lys 

Leu Ile 
Leu Ile 
Thr Val 

Met + Cys Thr, Val 
Met + Cys Val 
Lys, Thr Met + Cys 

Met + Cys Thr, Val 
Met + Cys Val 
Met + Cys Val 
Met + Cys Thr 

• Calculated according to the provisional amino acid scoring pattern (FAO/WHO, 1 973). The overall chemical score for the legume is the lowest score for any of the 
essential amino acids. hCalculated from the average amino acid values of 1 3  Prosopis accessions listed in Table 1 38. 
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with petroleum ether for 2 hours, were described as "dark green, medium soft" by Kurtz 
( 1 958), who estimated the amount of wax present to be 5.7 mg dnr2 of total leaf area. Similar 
amounts ofepicuticular wax were present on honey mesquite (P. glandulosa) leaves growing 
in Texas (Mayeux and Jordan, 1 984). Epicuticular wax on leaves of field-grown honey mesquite 
trees consisted of 35 % esters, 32 % alkanes, 25 % free fatty alcohols and 7 % free fatty acids. 
Aldehydes were present in very low concentrations. The number of carbon atoms (C.) of 
alkanes ranged from 25 to 3 1 ,  with a maximum (57 %) at 29. Esters consisted of fatty acids 
with Cn of 1 6, 1 8  and 20, with most (70 %) at 1 8  and fatty alcohols with Cn of 24-32. The Cn of 
free fatty alcohols and free fatty acids also ranged from 24 to 32. Only primary alcohols were 
present (Mayeux and Wi lkinson, 1 990). The seed oil of P. spicigera amounted to 4.5 % and 
contained the following fatty acids: palmitic ( 1 7  . 1 8  % ), stearic ( 1 . 85 % ), oleic (39.32 % ) and 
l inoleic (41 .65 %) (Rao and Nigam, 1 976). The unsaponified matter of the oil contained P­
sitosterol. 

The seed oil of P. afi'icana contained high proportions of l inoleic and oleic acids as well as 
palmitic and l inolenic acids (Balogun and Fetuga, 1 985; Ezeagu et al. ,  1 998). The fatty acids 
identified in seeds of P. aji-icana (both unfermented and fermented product "okpehe") were 
linoleic, oleic, stearic and palmitic acids. Oleic acid was present in large proportion as free 
fatty acid and l inoleic acid in appreciable amounts in the fermented sample (Sanni et al., 
1 993). Comparative chemical study of P. caldenia and P.flexuosa var.fruticosa showed that 
species grown in soi l s  with high nutrient content contained higher long chain hydrocarbons. 
Those species from soil s with a deficit in nutrients contained high P-diketone concentration 
(Frontera et al., 1997). 

Oleanolic acid, ursolic acid, a series of higher aliphatic alcohol s, P-sitosterol, glycosides 
of campesterol, stigmasterol and P-sitosterol, prosopol (triacontanol, (1006)), prosopenol and 
pinitol (3-O-methylinositol ) have been identified from P. glandulosa (Zirvi et al. ,  1 977; Abbas 
and Mison, 1 983; Ahmed and Razaq, 1 986). 

�OH 

1 006 Triacontanol 

Alkaloids (mainly  of the piperidine type) have been identified from the different parts 
(leaves, stems, bark, roots) of several Prosopis species e .g. prosopine (1007), prosopinine 
(1008), prosophylline from P. africana; cassine, N-methylcassine from P. alpataco, P. ruscifolia, 
P. sericantha and P. vina/illo and spicigerine (1009) from P. spicigera (Rizk and AI-Nowaihi, 
1 989). The flowers of P. glandulosa contained 0. 388 % alkaloids (Ahmed and Razaq, 1 986). 

� � 

-J Cr::  fa"' 
OH 

1 007 Prosopine 1008 Prosopinine 1009 Spicigerine 
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Several flavonoids (including both O and C-glycosides) have been identified from Prosopis 
species e.g. quercetin 3-methylether from P cl,ilensis; vitexin, isovitexin and rutin from P 
k1111tzei, P strombul(fera and P torquata; rutin from P stepl,aniana; luteolin from Pflexuosa, 
P spicigera, P strombul(fera and P vinalil/o (Rizk and AI-Nowaihi, 1989) and prosogerins A, 
B, D and E (1010-1013) from P spicigera (Bhardwaj et al., 1978, 1979; Rizk and Al-Nowaihi, 
1989). Young et al. (1986) reported that (2R,3S)-2,3-tra11s-3',4',7,8-tetrahydroxyflavan-3-ol 
[(+)-mesquitol), the predominant metabol i te in the heartwood of P glandulosa], represents a 
putative precursor of a variety of oligomers, including conventional [ 4,6]- and [ 4,8]-bi flavan-
3-ols, a [ I ,6] -1,3-diarylpropylflavan-3-ol, [5,6]- and atropisomeric [5,8] -biphenyl-type 
biflavan-3-ols, and [5,6:5,8]111- terphenyl-type triflavan-3-ols. Other participants in these 
condensations are mainly (±) catechin, and also the flavan-3,4-diol analogue of(+) mesquitol. 

1010 Prosogerin A 
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1012 Prosogerin D 

The heartwood of P kuntzei contained 3,4-dimethyldalbergione (1014) and a related quinol 
(1015). P stepl,aniana contained tannins of gallotannin nature with a percentage of 18.55 
(Rizk and AI-Nowaihi, 1989). 

0 
MeODCHPhCH=CH2 

Meo� 

0 

1014 3,4-Dimethyldalbergione 

MeO OH 

MeOV-CHPhC=CH2 

HO 

1015 

Sharma and Ogra (1990) studied the efficiency of khejri (P. cineraria) leaves for Barbari 
kids as a sole growth ration and added advantage of supplementary feeding of concentrate. 
The salient findings indicated that though khejri leaves can be used as a sole feed for kids 
during their active growth (3-9 months age), the supplementation of concentrate at I % of 
body weight signifi cantly improves the efficiency of nutrient utilization for growth and 
economic returns. The effect of feeding khejri leaves upon parotid glands and i ts trichloroacetic 
acid (TCA) soluble proteins in sheep has been studied by Vaithiyanathan et al. ( 1994). Sheep 
fed with untreated khej ri leaves (containing approximately 10 % tannins), showed marked 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 45 1 

increase in the weight of parotid glands. The apparent hypertrophy of the glands may be due 
to the presence of h igher amount of TCA-soluble proteins. Animals fed with khejri leaves 
treated with polyethylene glycol-4000 ( 1 .5 % w/w) (PEG-4000 annuls the deleterious effects 
of tannins) did not show such effects. Upadhyaya ( 1 985)  also reported edema in the 
inframandibular region of sheep maintained solely on khejri leaves. Animals receiving untreated 
khejri leaves lost weight and had negative nitrogen balance. This implied that the defense 
mechanism was inadequate to cope with high amount of tannins in the leaves. 

Growing season changes and concentrations ofN, P, K, S, Ca, Mg, Zn, Cu, Mn, Fe, Cl, Na 
and B in tamarind (P. tamarugo) leaves growing under natural conditions in Northern Chile, 
were in general similar to those reported for other perennial species inspite of the high 
concentration of ions in the soil .  This suggested high absorption selectivity in tamarind tree 
(Munoz S. et al., 1 978). 

Phenolics (total phenols and o-dihydroxyphenols) contents of Lobopteromyia-induced gall 
and non-infected tissues of P. ci11eraria and change in the activity of enzymes have been 
studied by Ramani and Kant ( 1 989). Total phenolics were higher in the normal compared to 
gall tissues both i11 vitro and in vivo. Hypophenolicity in the gall tissues was correlated to high 
activities of peroxidase and polyphenol oxidase. High activity of phenyl ammonia lyase and 
low activity of tyrosine ammonia lyase was recorded in the gall tissues both in vitro and in 
vivo conditions. Muneoz et al. ( 1 998) stated that acid phosphatase activity increased in P. 
chilensis seedlings under both drought and salinity stress. 

Some species of Prosopis (e .g. P. spicigera) are used in Indian indigenous system of 
medicine as a remedy of rheumatism and scorpion sting. Women eat the flowers, powdered 
and mixed with sugar during pregnancy as a safeguard against miscarriage. Its ash when 
rubbed over skin was a hair remover (Chopra et al., 1 956) . In Sudan, pods of P. africa11a are 
used as a fish poison (Wickens, 1 980). 

In U .S.A., Matheson and Travis ( 1 998) reported that although P. veluti11a is not as widely 
distributed as some other allergenic species, its pollen could induce serious pollinosis in areas 
where it is localized. They isolated and characterized a peptidase from pollen with trypsin­
like specifity (peptidase I lmes). 

Prosopis wood provides very good quality of firewood and charcoal, with a high calorific 
value. The primary modem use of Prosopis wood is as fuel for cooking and heating; commonly 
used species in Argentina are P. afji11is, P. alba, P. calde11ia, P. chile11sis, P. ku11tzei, P. nigra, P. 
ruscifolia and P. torquata (D' Antonio and Solbrig, 1 977). The high quality of Prosopis wood 
for fuel has led to over-exploitation of natural stands in many areas. In Argentina, this was 
particularly severe during the two World Wars when the wood was used as a coal substitute 
(D' Antonio and Solbrig, 1 977; Fagg and Stewart, 1 994). P. cineraria also provides excellent 
fuel wood and charcoal, the latter with a calorific value of20,000 kJkg- 1 (NAS, 1 980), and is 
a very important fuel resource throughout its native range e.g. Rajasthan (Mann and Saxena, 
1 980) and Oman (Brown, 1 992). In the southwestern United States, mesquite (P. g/a11d11losa 
var. glandulosa) is used as a barbecue fuel and to make flooring, furniture and handicrafts (EI­
Fadl et al., 1 989). 

Prosopis timber is typically very hard and durable, with high tensile strength, and is widely 
used for high quality furniture manufacture in South America, notably Argentina and Paraguay. 
The generally crooked tree form precludes the production of large timber, though it is likely 
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XXV. PLANTAGINACEAE Durande 

1. PLANTAGO L. 

The seeds of  plantain (Plantago) are well known as an  excellent source of  acid polysaccharides 
(Ahmed and Hammouda, 1965; Rizk, 1986), the mucilage of which appeared to be mixtures 
of at least two polysaccharides differing in their uronic acid content. The seeds of the Indian 
wheat (P fastigrata) contained 19 % of mucilage, which is a mixture of acids varying from 8-
17 pentosan molecules combined with I mole of D-galacturonic acid. The mucilage obtained 
from the seeds of P arenaria consisted ofD-xylose (60 %), L-arabinose (17 %), D-galactose 
(6 %), 2-O-a-D-galactopyranosyluronic acid, L-rhamnose {13 %) and an insoluble  residue, 
which appeared to be a mixture of cel lulose and lignin (Ahmed and Hammouda, 1965). The 
percentages of the mucilages, isolated from P major with cold and hot water successivel y, 
amounted to 13.25 and 6.27 respectivel y. Both fractions contained D-galacturonic acid (24.0 
and 6.2 %), L-arabinose (13.2 and 11.4 %), and D-xylose (61.0 and 78.0 %). D-galactose (3 %) 
was only detected in the hot fraction (Ahmed et al., 1965b ). Tomoda et al. ( 1981) isolated a 
mucous polysaccharide, named Pla11tago-mucilage A, from the seeds of P major var. asiatica 
(P asiatica) which was readily soluble in water and its solution gave an intrinsic viscosity 
value of 39.5. This mucilage was composed ofL-arabinose, D-xylose, D-glucuronic acid, and 
D-galacturonic acid in the molar ratio of 4.0:10.8: 3. 3:0.7, and its molecular weight was 
estimated as - 1,500,000. O-Acetyl groups were identified in it and their content amounted to 
4.8 %. The mucilage was shown to possess a main chain composed of P-1---).4 l inked D­
xylopyranose residues having other D-xylopyranoside chains at positions 3 and branches 
composed of O-a-(D-glucopyranosyluronic acid)-(1---).3)-a-L-arabinofuranose and of O-a­
(D-galactopyranosyluronic acid)-() ---).3)-a-L-arabinofuranose at position 2 of the residual D-
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xylopyranose units (Tomoda et al., 1 98 1  ). The O-acetyl groups in Pla11tago-mucilage A were 
located at position 2 of about one-fourth of L-arabinofuranosyl residues, about two-fifths of 
the terminal D-xylopyranosyl residues and about one-ninth of the non-tenninal D-xylopyranosyl 
residues (Tomoda et al., 1 984). 

Samuelsen et al. ( 1 998) isolated an arabinogalactan with anti-complement activity from 
the leaves of P major. It had a molecular weight of77,000-80,000 Da and consisted of arabinose 
(38 %), galactose (49 %), rhamnose (6 %), galacturonic acid (7 %) and protein ( 1 .5 %) with 
hydroxyprol ine, alani ne and serine as the main amino acids. Characterisation of th e 
arabinogalactan showed that it consisted of I ,3-l inked galactan chains with 1 , 6-l inked galactan 
side chains attached to position 6. The side chains are further branched in position 3 with 1 ,3-
l inked galactose residues which had 1 ,6-linked galactose attached to position 6; these 1 ,3- and 
1,6- linked galactose chains al together probably fonn a network. Tenninal and 1 ,5-linked 
arabinose in furanose fonn are attached to the galactan mainly through position 3 of the 1 ,6-
l inked galactose side chains. 

The carbohydrate components of P asiatica pectin included D-galacturonic acid, D­
galactose, D-glucose, D-mannose, D-xylose, L-arabinose and L-rhamnose (Lebedev-Kosov, 
198 I). 

The study of the free sugars of some plantain seeds has been reported. The trisaccharide 
planteose, isomer to raffinose, was isolated from the seeds of P major and P ovata (P 
ispaglzula). The roots of P. major and P rugelii contained sucrose, raffinose, planteose (1044), 
stachyose and a higher molecular weight oligosaccharide. The latter, after hydrolysis gave 
fructose, glucose, galactose, melibiose, planteobiose (1045) and manninotriose (Ahmed and 
Hammouda, 1 965). The mono- and oligosaccharides of eight Egyptian Plantago species were 
identified as D-glucose, L-fi-uctose, D-xylose, L-rhamnose, sucrose, planteose and planteobiose 
(Table 1 4 1 )  (Ahmed et al., 1 965b) .  
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The mucilages obtained from the plantain seeds remained in a gel fonn and not a sol, a 
matter that make them useful as a laxative (e.g. seeds of P psyllium). The seeds of P psy/lium 
and P ovata are used as a laxative on a commercial scale (Rizk, 1 986) .  The dried, ripe seeds 
of P afra (P psyllium), P. indica (P arenaria) and P. ovata are used in medicine. The U .S. 

National Fonnulary includes all three species under the name "Plantago Seed". In the British 
Phannaceutical Codex, the seeds of the first two species are included as Psyllium BPC while 
those of P ovata fonn the source of l sphagula Husk BPC (Trease and Evans, 1987). 

- --------�-�--- - - - . � .. - -- -
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Table 1 4 1 .  Mono- and oligosaccharides and percentage of  aucubin o f  seeds o f  Some 
Egyptian Pla11tago species' 

Species Pl Pb Su GI Fr Xy Rh Un Aucubin '½, 
I .  P. albica11s + + + + + + + 0.56 
2. P. CO/"OIIOJJIIS + + + + + + 0. 1 0  
3 .  P. crass(/olia + + + + + 0. 1 1  
4. P. c1ypsoides + + + + + + 0. 1 7  
5 .  P. cyli11drica + + + + + 0. 14  
6. P. major + + + + + + 0.37 
7 .  P. 11otata + + + + + 0.62 
8. P. ovata + + + + 0.2 1 
· P I ,  plunclose; Pb, pluntcobiose; Su, sucrose; GI, D-glucosc; Fr, L-fructosc; Xy, D-xylosc; Rh, L-rhumnose; Un, 
unidenti lied. 

The seeds of P. psyllium and P. arenaria are known commercially as Spanish or French 
psyllium, while those of P. ovata are known as blonde psyllium, isphagula, spogel seeds or 
Indian plantago seeds. All the seeds contain mucilage in the epidennis of the testa (Trease and 
Evans, 1 987). 

Aucubin (1046), an iridoid glucoside, has been early reported to be the active principle of 
P!antago species, and was considered for many years in the "French Phannacopoeia" as a 
general panacea (Rizk, 1 986). Koedam ( 1 977) presented a review on the history and the use 
of Plantago as one of the oldest medicinal plants. Microbial investigations on P!a11tago 
preparations showed that a product fonned by hydrolysis of aucubin was responsible for an 
antibacterial effect (Koedam, I 977). Aucubin, which had low toxicity, appeared to be an antidote 
for fatal mushroom poisoning caused by Amanita phalloides (Chang et al., 1 984b). 

1046 Aucubin 

The structure-complement activation relationship of Plantago-mucilage A, a partially 0-
acetylated glucuronoarabinoxylan isolated from the seeds of P. asiatica was studied by Yamada 
et. al. ( 1 986). They found that the anti-complementary activity was markedly enhanced when 
the polysaccharide was deacetylated, while carboxyl-reduction and partial hydrolysis had little 
effect. The deacetylated product of Pla11tago-mucilage A, the main mucilage present in the 
seeds of P. asiatica, also showed remarkable hypoglycemic activity (Tomoda et al., 1 987). 
The results obtained by Kim et al. ( 1 996) demonstrated that Pla11tago-mucilage A markedly 
enhanced both humoral immune and allergic reaction to sheep red blood cells at concentrations, 
which do not affect the relative weight of the liver. 

Ahmed et al. ( 1 965b) isolated mucilages from the seeds of eight Egyptian Plantago species 
by extraction with successive cold and hot water treatments. The percentages, physical 
properties, as well as the sugar components of the different mucilage fractions are shown in 
Tables 1 42 and 1 43 .  
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Table 142. Percentages, specific viscosities, ash, insoluble residues (after hydrolysis) 
and final (a)D of soluble hydrolysates of mucilages of seeds of 

some Egyptian Plan/ago sp�cies" 
Species Mucilage '¼i 11sp AsT1 % Insoluble («)01� 

Fraction residue %  
I. P. albica11s cold 26.82 1 .01 5 2.6 1 2.82 52.3 

hot 2.40 0.459 2.79 3. 1 4  38. 1  
2.  P. CO/"OIIOJJIIS cold 1 6.52 24.870 2.42 2.06 53.2 

hot 1 .30 0.024 2.77 2.20 42. 5 
3. P. crass(lolia cold 9.95 0.304 2. 34 3.42 47. 1 

hot 1 3.66 0. 1 82 1 .95 2.83 34.7 
4. P. C/JlfJSOides cold 1 4.73 5.375 3.1 2 2.31 45.1 

hot 1 0.04 0.062 2.84 2. 1 4  36.4 
5. P. cyli11drica cold 20.42 0.802 2.90 2.78 56. 1  

hot 2.55 0.134 2.64 2.38 41.6 
6. P. major cold 1 3.25 1 7.496 3.24 2.36 5 1 .4 

hot 6.27 0.344 2.75 2.1 4 35.3 
7. P. no/ala cold 9.62 1 .347 2.1 7 2.07 36.3 

hot 4.05 0.31 9 2.38 2.70 39.5 
8. P. ova/a cold 22.34 1.009 2.35 2.63 48.5 

hot 3.24 0.1 4 1  2.44 2.92 37.4 
' Mean values of three determinations. 

Table 143. Percentages of different sugar components of the mucilage fractions of seeds of 
some Egyptian Plantago species" 

Species Mucilage GaU Ga GI Ar Xy Rh 
Fraction 

I. P. albicans cold 27.2 6.5 9. 3 44.8 1 0.4 
hot 9.3 4.0 J O. I  76.0 

2. P. coronopus cold 24.3 6 .9 15.2 41.2 13.6 
hot 7.6 4.5 3.1 13.8 70.1 

3. P. crassifolia cold  20.2 14.6 52.6 13.5 
hot 6.4 4.3 12.5 62. 1 16.0 

4. P. cyli11drica cold 22.4 5. 1 18 .1 52.7 
hot 8.6 16.5 73.0 

5. P. c1ypsoides cold  15.5 6.2 14.0 55.4 10.3 
hot 4.0 3.4 2.1 12.5 63.2 13.6 

6. P. major cold  24.0 13.2 61.0 
hot 6.2 3.0 1 1.4 78.0 

7. P. nolata cold 21.5 64.0 13.1 
hot 6.8 4.0 12.6 75.l 

8. P. ova/a cold 20.4 18.0 51.4 11. 3 
hot 5.8 13.3 70.1 

• GaU, D-galacturonic acid; Ga, D-galactosc; GI, D-glucosc; Ar, L-arabinosc; Xy, D-xylosc; Rh, L-rhamnose. 
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Pcndsc and Sikhibhnshan (1934) stated that the highly important indigenous medicinal 
plant P. ova/a known as isphagol in Hindustane, was used chiefly in chronic diarrhoea and 
clyscntry, especially in the particular form of intestinal irritation known as hill diarrhoea. The 
diuretic effect of the seeds of P. major L. var. asiatica has been also reported (Pin and Soung, 
1936). The choleretic activity of the iridoid geniposid ic acid ( 1 047) from P. asiatica has been 
reported (Tsumura Juntendo Co., 1981 ). Geniposidic acid also possessed an antioxidant a tiv1ty 
(Toda et al., 1985). 

Several iridoids have been identified in Plan/ago species. Ronsted et al. (2000) inve ligated 
21 Pla11tago species with regard to their content of iridoid glucosides and ca ffoeyl 
phenyle thanoid glycosides. Arborescoside and arborescosidic acid ( 1048), both of the 
uncommon type 8,9-double bond, were present in several species. Deoxyloganic acid, 
caryptoside and rhamnioside were also i solated from the genus. Examples of iridoids, isolated 
from Pla11tago specie (except species growing in Qatar which are mentioned in detail) are 
shown in Tab le 144. 

Species 
I .  P albicans 

2. P alpina 

3. P altissima 

4. P arenaria 

5. P aswtica 

6. p CO/'IIUti 

7. P crass(folia 

W
™ 

HO O-glu 

C02H 

HO 

1047 Geniposidic acid 1048 Arborescosidic acid 

Table 1 44. l ridoids of some Plantago species 

l ridoids 
Aucubin 

Aucubin, gardosidc (1049), geniposidic 
acid, 8-epiloganic acid, mussaenosidic acid 
(1050), monomelittoside (1051 ), melittoside 
(1052), and alpinoside and I 0-O-acetyl­
geniposidic acid 

Aucubin, gardoside, catalpol, 8-epiloganic 
acid, hookcrioside (1053) and 
desacetylhookerioside 

Aucubin, p lantarcnaloside (1054) and 
melittoside 

Aucubin, 3,4-dihydroaucubin, 6'-O­
glucosylaucubin, catalpol and geniposidic 
acid 

Aucubin and 10-hydroxymajoroside 

Aucubin 

References 
Ahmed et al. ( 1 965b) 

Jensen et al. (1996) 

Jensen et al. (1996) 

Popov ( 1978); Popov et al. 
( 1981 ); Andrzejcwska­
Golec and Swiatek (1984) 

Lebedev-Kosov ( 1980); 
Oshio and Inouye 
(1982); Toda et al. (1985); 
Cheng et al. (1992) 

Handijeva et al. ( 1 993) 

Ahmed et al. ( 1965b) 

- - - - - - - - -· - -- . - - -
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Species 
8. P c1:vpsoides 

9. P. cylindrica 

I 0. P depress a 

11. P hookeriana 

12. P lagopus 

13. P major 

14. P. major var. 
asiatica 

15. P. major var. 
japonica 

Aucubin 

Aucubin 

Aucubin 

Table 144. Cont. 

lridoids 

Aucubin, catalpol, I 0-benzoylcatalpol 
( I OSS), 8-epiloganic acid and hookerioside 

Aucubin, catalpol, I 0-bcnzoylcatalpol, 
harpagoside and 6-a-hydroxygeniposide 
( I 056) 

Aucubin, catalpol, gardosidc, geniposidic 
acid, majoroside (I 057) and melittoside 

Aucubin 

Aucubin and geniposidic acid 

References 
Ahmed et al. ( 1965b) 

Ahmed et al. ( 1965b) 

Cheng et al. ( 1992) 

Damtoft et al. (1994) 

Vcl{1zues-Fiz et al. 
(2000a) 

Lcbedev-Kosov ( 1980); 
Long et al. ( 1995); 
Murai et al. (1996) 

Ahmed and Hammouda 
(1965) 

Endo et al. (1981) 

16. P. media Aucubin, melittoside and plantarenaloside Swiatek et al. ( 1981 ); 
Andrzejewska-Golec 
and Swiatek ( 1984); 
Long et al. ( 1995) 

17. P. myosuros Aucubin Franczyk et al. (1998) 

18. P. not ala Aucubin Ahmed et al. ( 1965b) 

19. P sempervirens Bartsiosidc and plantarenaloside Andrzej ewska-
Golec et al. ( 1993) 

20. P. subulata 6-Deoxymelittoside Ronsted et al. (2000) 

Plantamajoside (I058), a phenylpropanoid glycoside, was isolated from P. major subsp. 
major and i ts structure was deduced to be 3,4-dihydroxy-!3-phenylcthyl-O-!3-D-glucopyranosyl 
(1 �3)-4-O-caffeoyl-13-D-glucopyranoside (Ravn and Brimer, 1988). The same compound, 
designated as compound A, was found earlier as a chemotaxonomic marker in two subspecies 
of P. major subsp. major and subsp. pleiosperma (M0lgaard et al., 1980). P. major was screened 
for polymorphism of this compound in relation to protection against slugs (M0lgaard, 1986). 
Plantamaj oside has been found to possess antibacterial activity (Ravn and Brimer, 1988). 
Several other phenylethanoid glycosides were also isolated from Plantago species. Vcrbascosidc 
( aceteoside) (13-3 ' ,4'-dihydroxylphenyl)-cthyl-O-a-L-rhamnopyranosyl-( I �3 )-13 -D-( 4-O­
caffeoyl)-glucopyranoside) was identified from P altissima (Jensen et al., 1996), P. hookeriana 
(Damtoft et al., 1994) and P. myosuros (Franczyk et al., 1998). The fonner species contained, 
in addition, verbascoside (Jensen et al., 1 996). The following six phenylcthanoid glycosides 

-- --- -- --�--- - --- --
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were isolated from P. depressa: cistanosidc F, f3 -hydroxyacctoside, campenoside I, aceteoside, 
orobanchoside ( I059) and f3 -oxoaceteoside. The structure of the latter was deduced as f3 -oxo­
f3 -(3 ,4-d ihyd roxyphcnyl)-cthyl-O-a -L-rhamnopyranosyl-( 1---;3 )-13 -D-( 4-O-ca ffcoyl) 
glucopyranosidc (Nishibe el al., 1 993). The caffeoyl phenylethanoid glycoside, plantallosidc 
and verbascoside were isolated from P. 111yos11ros. Plantalloside is a verbascoside analogous 
with a-f3 -allopyranosyl moiety (Franzyk et al., 1998). 
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1 050 Mussaenosidic acid 1051 Monomelittoside 
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- -�6 
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1053 Hookerioside 1054 Plantarenaloside 

HO�

Me 

- �6 
0-glu 

1 056 6u-Hydroxy-geniposide 1057 Majoroside 

OH 

OH Hov-(_}-o� 
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0 OH 

1059 Orobanchoside 
(Crenatoside) 

OH 

The study of the lipids of plantain seeds has been a subject of interest to several investigators 
(Ahmed et al., 1968; Kuiper and Kuiper, 1978; Swiatak et al., 1980; Rizk, 1986; Stankovic et 
al., 1991 ). Ahmed et al. ( 1968) reported that the fatty acids revealed certain differences in the 
seeds of eight different Plantago species (P albicans, P coronopus, P crassifolia, P c1ypsoides, 
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P. cyli11drica, P. 11u1jor, P. 110/ala and P. ovata). The unsaturated fatty acids viz., oleic, linoleic 
and linolenic, though were detected in the eight species, yet olcic acid (49.2 % of the total 
fatty acids in P. cylindrica) and linolcic acid (47.7 % of the total fatty acids in P. ova/a) were 
the two major components. The study of the saturated fatty acids revealed certain qualitative 
differences. Palmitic and stearic acids were invariably present in all studied species, while the 
other acids were only encountered in a particular Plan/ago species. Myristic acid was present 
in five species and missing  from P. c1J1psoides, P. mqjor and P. notata. Arachidic acid was 
present only in P. 11u1jor. Beheni c acid was detected in four species (P. albicans, P. major, P. 
no/ala and P. ovata), while lignoceric acid was only present in P. albicans and P. ovata (Ahmed 
el al., 1 968) . Linoleic acid was the main fatty acid in the oils of P lanceolata, P. major and P. 
media (56.8, 38.8 and 43.8 %), oleic acid constituted 1 8.3, 1 5.3 and 28.5 % and linolcnic acid 
14.5, 39 and 8.3 % of the oils of the three studied species, respectively. The content of myristic 
acid was least (0.04, 0.04 and 0.4 %) followed in increasing order by stearic acid content (2.8, 
1 .2 and 3.1 %), palmitic acid (6.8, 5. 3 and 1 5. 1  % respectively) and an unidentified substance 
at 0. 76, 0.36 and 0.8 %. The oil of P. lanceolata was relatively high in saturated fatty acids and 
those of the other two species were high in unsaturated fatty acids (Swiatek et al., 1 980). High 
content of the essential fatty acids (linoleic 53 %, linoleni c  23 %) characterized the oil of P. 
major seeds collected from Belgrade (Stankovic et al., 1991 ). An i somer of ricinoleic acid 
(1060), constituted 1 .5 % of the seed oil of P. major and was characterized as 9-hydroxy-cis-
11 -octadecenoic  acid (Ahmad et al., 1 980). 

COOH 

OH 

1060 Ricinoleic acid 

The percentages of oil, fatty acids, and unsaponifiable matter of eight Egyptian Plan/ago 
species are shown in Tables 145-147 (Ahmed et al., 1968). 

The fatty acids detected in the edible plant P. major were as follows: C 14,0, 1. 77; C 16,0, 
i 5.9o; cl6:3co3 '  I l .OO; c 16:2c,i(,' O.43; CH,: lco7' 1.47; c 16: lco9' 0-12; CI K:O' 2-12; CIK:3c,,3' 33-32; CIK:4w3' 
2.02; CI K:2w6' 11.18; CI K: lco9' 2.32; c20:0' 1.31; c20:5c,iJ' 1.27; c20:4w6' 1.02; c2H,o1' 1.47; c22: l c,i9' 3.45 
and C24,11, 0.98 %. The lipid of the plant amounted to 0.18 %. (Gui I et al., 1996a). 

Table 145. The percentages of oil, total fatty acids (TFA) and unsaponifiabale 
matter of some Plan/ago species 

Species Oil TFA UM 
1.  P. albicans 6.86 73.55 5.09 
2. P. coronopus 20.66 62.01 13.51 
3. P. crassifolia 11 .39 70.63 4.28 
4. P. c1ypsoides 15.92 55.50 5. 14 
5. P. cylindrica 7.44 71.72 7.48 
6. P. major 9.43 59.02 13. 34 
7. P. notata 7.91 70.90 7.16 
8. P. ovata 5. 1 1  78.19 7.60 

--- -� -� -- - - - - - - - - - - -



472 Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Table 146. The percentages of the component fatty acids of some Plan/ago species 

Species Olcic Linolcic Linolenic Conjugated Total Satd. 
Dienes Unsat. 

I. P. albica11.1· 26.0 42.0 0.8 2. 1 70.9 29. 1 
2. P. coronopus 33.0 36.0 2.6 I. I 72.7 27.3 
3.  P. crass(lolia 28.0 42.3 3.0 1 .6 74.9 25. 1 
4. P. CIJ'JJSOides 3 1 .5 46.0 3.4 0.4 8 1 .3 1 8.7 
5. P. cyli11drica 49.2 29.0 0.9 0.6 79.7 20.3 
6. P. major 37.4 25.3 0.9 1 .2 64.8 35.2 
7. P. notata 34. 1 37.8 0.4 0.9 73.2 26.8 
8. P. ova/a 38. 1 47.7 1 .0 0.2 87.0 1 3.0 

Table 147. The component fatty acids of some Plantago species 

Species 1 4:0 1 6:0 1 8:0 18 : 1 1 8:2 1 8:3  20:0 22:0 24:0 
I. P. albicans + + + + + + + + 
2. P. coro11opus + + + + + + 
3. P. crass(lolia + + + + + + 
4. P. CIJ'JJSOides + + + + + 
5. P. cylindrica + + + + + + 
6. P. major + + + + + + + 
7. P. notala + + + + + + 
8. P. ova/a + + + + + + + + 

/3-Sitosterol, stigmasterol and campesterol were identified in P. albicans (Ahmed et al., 
1 968). These sterols together with cholesterol were found in the seed oil of P. major (Stankovic 
et al . ,  1 99 1  ). P. asiatica was found to contain /3 -si tosterol and /3-si tosteryl-3-O-D­
glucopyranoside (Chang et al., 1 98 1  ), oleanolic acid and urosolic acid (Yuan et al. ,  1 999). 
Urso lie acid; a selective inhibitor of cyclooxygenase-2 catalyzed prostaglandin biosynthesis, 
together with oleanolic acid (less active than ursolic acid) was isolated from P. major (Ringbom 
et al., 1 998). Oleanolic acid was identified in the leaves of P. bismarckii (Maldoni, 1 999). 

In a study of the adaptation of Plantago species to their specific environment, the l ipid 
composition of the roots of six Plantago species (P. coronopus, P. lanceolata, P. major subsp. 
major, subsp. pleiosperma, P. maritima and P. media) and the effect of the nutritional regime 
(Tables 1 48 and 1 49) were studied by Kuiper and Kuiper ( 1 978). Upon exposure to low salt 
conditions, P. major subsp. major and P. maritima maintained the level of free sterols in the 
roots, despite a depressed level of total sterols, and the root l ipids were more saturated than 
under high-salt conditions. The two taxa could be distinguished from other Plantago species, 
since upon exposure of the plants to low-salt conditions the lipid composition of the roots was 
simi larly affected: a depressed level of total l ipid, a very pronounced decrease ofsterol esters, 
an elevated level of total fatty acids, among which l inolenic acid, and an increase in the degree 
of saturation of the fatty acids. Al l  Plantago species showed a decreased level of galactolipid 
upon exposure to low-salt conditions except for P. coronopus and a decreased level of sitosterol 
except for P. maritima; the latter being compensated by an elevated level of cholesterol + 
tocopherol in P. lanceolata, P. major subsp. pleiosperma and P. media. The level of sulphol ipid 
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was constant in all Plantago species, with the highest level observed in P maritima (Kuiper 
and Kuiper, 1978). 

The hexitol sorbitol (1061 )  was detected earlier in substantial amount in the petioles of P 
major (Galkowski et al., 1966). All species of Plantago investigated by Wallaart ( 1981 ); 
contained appreciable amounts of sorbitol in dried whole leaves; the contents varied between 
0.5 % (P lagopus and one sample of P. arenaria) and 4.1 % (P alpina). The study comprised 
IO species of Plantago representing the two subgenera Plantago and Psyllium and Littorella 
uniflora, which were investigated for the presence of hexitols. Accumulation of hexitol, thus 
turned out to represent a chemotaxonomic character at the family level. The studied species 
were: P alpina, P carinata, P coronopus, P lagopus, P lanceolata, P major, P. maritima, P 
serpentina (syn. P alpina subsp. serpentina), P arenaria (syn. P indica, P psyllium), P 
sempervirens (syn. P cynops), P suffruticosum [subgenus Psyllium] and Littorella uniflora. 
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H OH 
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1061 Sorbitol 

In the course of the investigation carried out by Walaart ( 1978), a rather unique feature 
was observed in P carinata and samples of P coronopus; sorbitol proved to be accompanied 
by appreciable amounts of mannitol. The sorbitol content varied from 0.05 (% dry weight of 
leaves) in one sample of P coronopus to 5.8 % in P major (petiole). The two stereoisomeric 
hexitols, sorbitol and mannitol were detected only in P carinata and P coronopus. The sorbitol 
content of P maritima reached as high as 8.9 % of the dry matter in the shoots. It dramatically 
decreased while the water content of the tissue rose. On the other hand, when plants were 
transferred to a medium containing NaCl (200 mM), the sorbitol level decreased or increased 
according to the severity of stress produced by the salt concentration as compared to that 
occurring under field conditions (Briens and Larhcr, 1983). The effect of salinity on the ionic 
balance and hexitol content of the halophyte P. maritima and the nonhalophytes P major, P. 
lanceolata and P. media was studied by Koenigshofer (1983 ). Acylic polyhydric alcohols 
(sorbitol and mannitol), the dominant soluble carbohydrates in all studied Plantago species 
increased (with one exception) in all plants under saline conditions. Ahmad et al. ( 1979) 
showed that the sorbitol content of P maritima augmented with increasing salinity of the 
nutrient solutions. They observed sorbitol contents of shoots between 0.6 % (no NaCl added) 
and 6 % ( ca. 2.4 % NaCl added) and discussed "the possible role of sorbitol as a compatible 
cytoplasmic solute" in halophytic adaptation. 

Several flavonoids have been identified from plantains. In the six plantain species 
investigated by Lebedev-Kosov (1977) 9, 11, 12, 17, 21 and 21 flavonoid substances, divided 
into 5 groups were found. The flavonoid aglycons of these species consisted of 5 compounds, 
3 of which were identified as apigenin, luteolin, and scutellarcin (1062). Highest amounts of 
flavonoids were found in P. major and P asiatica. Later, Lebcdcv-Kosov et al. (1978) isolated 
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P lantain seeds (National Forrnulary, 1955) are the cleaned, dried, ripe seeds of P. psyl/ium 
or P. indica known in commerce as Spanish or French Psyllium seeds. According to the British 
Pharmacopoeia Codex ( 1963), Psyllium (seeds of P psyl/ium), has the property of absorbing 
and retaining water and has therefore been used as a bulk-providing medium in the treatment 
of chrome constipation. Preparation of Psyllium was also used to assist the production of 
smooth, solid faecal mass after colostomy. Psyllium, on account of its content of mucilage, 
has been used as a demulcent (Rizk, 1986). P. psyllium in doses of ml/kg hastened the clotting 
process (Nikolskaya, 1954). 

The cholesterol-lowering effects of psyllium have been proved (Chao et al., 1993; Stoy et 
al., 1993; Turley et al., 1994; Hicks et al., 1995; Kri tchevsky et al., 1995; Scgwa et al., 1998). 
Psyllium was reported as an effective mean of reducing colon cancer (Roberts-Anderson et 
al., 1987; Alabaster et al., 1993). 

1 .3. Pla11tago ciliata Desf., Fl. Allant. I: 137, tab.39, f. 3  (I 769). 

Widhaina (Ar.) 

/ 

Small hairy annual herb not exceedmg 5 cm high, fawn-coloured with a tap root reaching up 
to 6 cm long. Stemless with basal leaves covered with long silky hairs. Leaves spatulate, 
tapering at the base and apiculate, sessile, 2.5-3 cm long and 0.8-1 cm across. Inflorescences 
on long peduncles 3-15 per plant, 1-2 cm long, hairy, equal to or shorter than leafy plant. 
Spikes hairy, rugose, cylindrical, 1-2 cm long, about 1 dozen ovate fruits each 2 mm long. 
Fruits April-May. 
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Habitat and Distribution 
Common on sandy soi ls in central Qatar (Ash Shahaneya, Al Suwairya, Rodat Rashid, road to Um 
Bab). 

Constituents 

The proximate analysis, amino acids and minerals of P cilia ta growing in Qatar, are shown in 
Tables 1 75, 1 76 and 178 (AI-Easa, 2002a,b,d). 

Investigation of the plant, growing in Qatar, revealed the presence of alkaloids and sterols 
(and/or terpenes) (Rizk, 1 982). 

1 .4. Pla11tago cor01,op11s L. ,  Sp. P l., ed. I, 1 1 5  ( 1 753). 

Rubia, Widhaina (Ar.) 

Small annual or biennial stemless herb up to 10 cm high with a rosette of linear-lanceolate 
leaves. Inflorescences dense cylindrical spikes with peduncles arising from base and terminating 
in dense rather long spikes. Spikes cylindrical representing the length of the plant. Fruit capsules. 
Flowers and fruits in April. 

Habitat and Distribution 
Appearing after the initial rams in dcpress10ns, water catchment areas, wet sites, near farms, in wadis 
with hard compact soils, in northern and central Qatar. Rare in Qatar. Reported at Dukhan. 
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Constituents 

Earlier investigation of the seeds yielded 44.2 % mucus and 4.6 % of a water-soluble gum 
which showed the reaction of pentoses and was converted by nitric acid to mucic acid 
(Emmanuel and Papavasilion, 1920). P. coronopus seeds, growing in Egypt, contain about 18 % 
mucilage; the sugar components of which are shown in Table 143. The same seeds also contain 
aucubin (0.10 %) (Ahmed et al., 1965b). The seed contains 20.66 ° o  oil; the chemical 
composition of which is shown in Tables 145-14 7. 

The seeds contain alkaloids (0.02 %); from which plantagonine and base "A" have been 
identified (Ahmed et al., 1965a). The entire plant exclusive of the seeds yielded plantagenic 
acid C9H 1p2 (m.p. 2 I 0°C), coronopic acid C�4H<,r,O" (m.p. 28 l-282°C) and a small amount of 
an essential oil (Emmanuel and Papavasilion, 1920). 

Of the even samples of P. coronopus, investi gated by Wal laart (1981 ), the two 
stereoisomeric hexitols sorbitol and mannitol were detected in seven and six samples 
respectively. The sorbitol content of the leaves varied between 0.05 and I. 7 % and the mannitol 
content between O and 0.53 %. Two samples contained more mannitol than sorbitol. Gorham 
et al ( 1981 b) stated that sorbitol increased when P. coro11op11s was subjected to NaCl stress. 

The level of total l ipids, total fatty acids, sterols, galactolipids, sulpholipids and l inolenic 
acid in roots of P. coro11op11s, as affected by mineral nutrition are shown in Tables 148 and 149 
(Kuiper and Kuiper, 1978). 

1.5. Plalltago /a11ceo/ata L., Sp. Pl., ed. I, 113 (1753). 

Lisan al hamal (Ar.) 

. � ... -� -,-- - - - - - - -- -
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Perennial herb with lanceolate 3-5-nerved leaves. Inflorescences long pedunculate, spicate; 
spikes cylindrical, comparatively long, up to 6 cm long. Fruit an oblong capsule. 

Habitat and Distribution 

Rare in Qatar. Recorded as a weed in cultivated and arable fields. 

Constituents 
Earl ier investigation of ribgrass (P. lanceolata) seeds revealed that they contained 5 % 
polysaccharide, which consisted of 1 5.2 % u·ronic acid, 72 % pentosan and 1 1  % methyl 
pentosan. Hydrolysis of the polysaccharide with 3 % oxalic acid, gave D-xylose, a small 
amount of D-galactose and a degraded acid, which contained D-galacturonic acid, L-arabinose, 
D-xylose and D-galactose (Mullan and Percival ,  1 94 1  ). The neutral sugars of the mucilage 
from ribwort (P. lanceolata) leaves were L-rhamnose 7, L-arabinose 32, D-mannose 4, D­
gal�ctose 44, and D-glucose 9 %, in addition to trace amounts of D-xylose and L-fi.tcose. The 
uronic acid content of the crude mucilage was 4 1 .  7 %. The crude mucilage from the leaves 
consisted of � 4 polysaccharides (Braeutigam and Franz, 1 985a). The water soluble crude 
polysaccharide from the leaves was composed ofL-arabinose (20 %), D-galactose (28 %), D­
glucose (6 %), D-mannose (2 %), L-rhanmose (4 %), D-galacturonic acid (31 %), D-glucuronic 
acid (7 %) and minor amounts of L-fucose and D-xylose (Braeutigam and Franz, 1 985b ). 

The different parts of the plant contained two iridoid glucosides: aucubin and catalpol . 
Aucubin has been early isolated from the herb and from the seeds by Ahmed and Hammouda 
( I 965). Its presence has been con finned by others ( e.g. Miething et al., 1 986; Cheng et al., 
1 992; Klockars et al. ,  1 993 and Long et al., 1 995) .  Chemical analysis of individual leaves of 
five P. lanceolata plants showed that iridoid glycoside content increased from undetectable in 
the oldest photosynthetic leaves to over 9 % dry weight in the youngest l eaves. The relative 
proportion of the two iridoid glycosides also changed with l eaf age: older l eaves had 
significantly more aucubin, whereas the youngest l eaves had primarily or solely catal pol 
(Klockkars et al., 1 993). Dragland and Aslaksen ( 1 995) reported that the aucubin content of 
the leaves of P. lanceolata, growing in Norway, was 1 . 1 - 1 .4 % of dry matter, after drying at 
20°C (or 40°C), decreasing to 0.7- 1 . 0  % and further to 0.4-0.5 % when dried at 60°C and 
80°C respectively. Oviposition tests with female Junonia coenia (Nymphal idae) butterflies 
specialist on plants that contain iridoid glycosides, showed that they laid most of their eggs on 
new leaves of P. lanceolata (Klockars et al., 1 993). Bowers ( 1 984) and Pereyra and Bowers 
( 1 988) con finned the use of females of J. coenia of aucubin and catalpol, iridoid glycosides 
typical of a host plant, P. lanceolata, as oviposition cues. 

Five phenylethanoids, aceteoside, cistanoside F, lavandulifolioside, plantamajoside and 
isoacteoside were isolated from P. lanceolata. Aceteoside, the major phenylethanoid in the 
herb, showed inhibitory effects on arachidonic acid (1070) -induced mouse ear edema (Murai 
et al., 1 995). 

• 5 

�
COOH 

� 20 
11 14  

1 070 Arachidonic acid 
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Fons el al. ( 1998a) reported that P. la11ceolala contained two main caffeic acid glycoside 
esters: plantamoside and verbascoside. It was found that, whatever the age of the plant was 
plantamoside and verbascoside were concentrated in the roots with plantamoside levels double 
those of verbascoside. When P. la11ceola1a was transferred into a medium containing I 0·3 M 
(E)-cinnamic acid, this chemical stress induced a slow degeneration of the initial roots. These 
were supersed by neoroots whose morphology was nom1al during the first eight days following 
their appearance. In the initial roots, (£)-cinnamic acid induced a temporary appearance of 
two cinnamic acid derivatives (NCO), but did not change the planlamoside and verbascoside 
levels. In the neoroots, high NCO levels were detected for only eight days. After the large 
decrease of these NCO, plantamoside and verbascoside appeared and increased. The NC Os 
have been identified as glucoside esters of fentlic and p-coumaric acids. These two compounds, 
which were absent from the traditional chemical profile ofribwort, probably arose from a (E)­
cinnamic acid detoxification pathway (Fans et al., 1998a). The cinnamic component (E)-p­
coumaroyl-1-O-B-O-glucopyranoside (1071 )  was detected in root cul ti vars of the plant (Fons 
et al. , 1998b,1999). 

1071 (E)-p-Coumaroyl-1-0-P-D-glucopyranoside 

Apigenin-7-O-monoglucoside was the only flavonoid identified from P. la11ceolata 
(Haznagy el al., 1976). The presence of coumarins in P. la11ceolata was also reported (Haznagy, 
1970). 

The seed oil content, saponifying substances and phytosterols of P. lanceolata seed oil 
were 5 %, 12.5 % and 3 .6  % of the oil respectively. Linolenic acid was the main fatty acid 
(43.8 %); oleic acid constituted (28.5 %) and linolenic acid (8.3 %) of the oil. The content of 
myristic acid was least (0.4 %), followed in an increasing order by stearic acid (3 .1 %) and 
palmitic acid ( 15.1 %) and an unidentified substance (0.8 %) was detected (Swiatek et al. , 
1980). Seeds of P. lanceolata, harvested at Argentina yielded 2.3 % crude oil (Nolasco el al., 
1999). 

Wallaart ( 1981) reported that P. lanceolata contained 2.1 % sorbitol. On the other hand, 
Briens and Larher ( 1983) stated that the sorbitol content of P. la11ceolata, growing in a dry 
habitat amounted to 6.2 % dry matter. The sorbitol content of the plant under the influence of 
salt stress has been studied by Koenigshofer (1983). 

The volatile components of the different parts of wild P. lanceolata (ribwort plantain) 
corresponds to 0.05 %, 0.03 % and 0.00 I % of fresh weight for fruits, leaves and scapes 
respectively. Thirty-five and twenty-six components were identified from fruits and leaves, 
respectively, while scapes contained only seven volatile components. The major constituents 
offruits were oct- l -en-3-ol (24.9 %), hexahydrofarnesylacetone (15.7 %), vanillic acid (9.8 %) 
and neophytadienes (> 10 %), the leaves contained mainly oct- l-en-3-ol (41.1 %), (E)-4-(3 -
oxo-2, 6,6,-trimethylcyclohex-2-en- l -yl)-3 -butcn-2-ol ( 15.6 %), 6-(3-hydroxy- l -butenyl)-
1, 5,5, -trimethyl-7-oxabicyc lo[ 4. I.0] heptan-3 -ol (6.9 %) and benzoic acid (6.3 %) .  
Neophytadienes were mainly found in scapes (Fons et  al., 1998c ) .  
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The level of total l ipids, total fatty acids, stcrols, galactolipids, sulpholipids and l inolcnic 
acid in roots of P. lanceolata, as affected by mineral nutrition arc shown in Tables 148 and 
1 49. The obtained data suggested that upon transfer of the plants of low-salt conditions, part 
of the sitostcrol biosynthctic pathway was blocked and that the excess of squalene was 
quantitatively converted into cholesterol since the amounts of sitosterol, which disappeared, 
matched the accumulation of the cholesterol (+ tocopherol) fraction (Kuiper and Kuiper, 1 978) .  

The plant i s  used medicinal ly i n  several countries (Rizk and EI-Ghazaly, 1 995). A biological 
antiseptic substance was found in the plant (Siddiqui et al., 1 964). In traditional medicine, P. 
lanceolata is used for antibacterial, anti-inflammatory, healing, anti-asthmatic and diuretic. 
Among its several active components, caffeic acid glycoside esters are antibacterial, anti fungal, 
antiviral , antioxidant and selective inhibitors of aldose reductase, 5-lipoxygenase and protein 
kinase (Fons et al., 1 998b). The antitumor activity ofplantamoside and verbascoside has also 
been reported (Herbert et al., 1 99 1 ;  Saracoglu et al., 1 995). The leaves of P. lanceolata and 
their aqueous extracts promoted epithelial growth, diminished hyperemia and accelerated the 
formation of a protective scab (Ahmed and Hammouda, 1 965). Aucubin and a hemolytic 
saponin fraction from the leaves were active against Micrococcus jlavus. Aucubin was also 
active against Streptococus aureus (Tarle et al., 1 98 1  ). Nishi be and Murai ( 1 995) studied the 
biological activities of the major components ( 1 3  phenylethanoid glycosides, 9 flavonoids 
and 5 iridoid glucosides) isolated from P. asiatica, P. depressa, P. lanceolata and P. major, for 
their antibacterial activity, enzyme inhibitory activity of cAMP phosphodiesterase and 5-
l ipoxygenase antihistamine release activity. The results suggested that the therapeutic effects 
of Plantago herb might be mainly ascribed to biological activities of the major components, 
plantamajoside, acetoside, plantaginin, aucubin and catalpol. Hose et al. ( 1 996) reported that 
extracts of fresh or dried P. lanceolata showed an anti-inflammatory activity and are useful in 
the treatment of skin irritation or dermatitis. An ointment base, useful in preparations of 
dermatological creams for multiple uses (including application to burns), contained P. 
lanceolata as one of its ingredients (Esteban Vil lalobos, 1 996). Following a review on P. 
lanceolata, including its botany, historical background, ingredients, indications and anti­
inflammatory effects, these effects were confirmed (Marchesan et al., 1 998). 

In 2 1  species of weeds, including P. lanceolata, collected at different places of Hessia 
(Gennany) in early spring, the content of crude protein in the dry matter ranged from 19 .7 
(La111i11111 pwpureum) to 37.3 % (Achillea millefolium). The pure protein content ranged from 
1 3. l (L. pwpureum) to 26.0 % (C01ydalis bulbosa). The highest contents of pure protein in 
whole protein were found in P. lanceolata (77 .7 %). The insoluble fraction of total N amounted 
to 62.4 % of the whole N in P. lanceolata. The highest essential ammo acids indexes of80 to 
84 were calculated for the protein of some weeds including P. lanceolata. Methionine was the 
first l imiting amino acid in all plants (Ullrich and Jahn-Dcesbach, 1 984). 

The leaf yield ofribwort plantain (P. lanceolata), growing in Norway, varied from 2.47 to 
6. 1 7  mg dry matter (DM) ha in the first year of growth. The highest yield was obtained with a 
single cut per season. The carbohydrate content was 80-88 % of DM after drying at 20°C or 
40° C, but this was reduced to 55-56 % when dried at 6°C and 45-49 % when dried at 80°C 
(Dragland and Aslaksen, 1 995). The composition and digestibility of some weeds, including 
P. lanceolata, were reported in feeding experiments with wethers (Weisser, 1 924). Analysis 
results of digestive experiments with cattle showed that P. lanceolata, has a considerable food 
value (Weisser, 1 927). The plant growing in Kenya was found to be rich in protein, low in  
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fiber, high in ash content and well supplied with P and Ca (Dougall, 1 954). The nutritive value 
of P. la11ceo/ata, growing in a heated greenhouse at Aberystwth (U.K.) in Febmary-April 
1 985, is shown in Tables 1 50 and 1 5 1  (Wilman and Ri ley, 1 993). 

Table 150. Dry matter (DM) harvested, neutral detergent fiber (NDF) and digestibility of 
P. la11ceolata 

Plant part DM harvested NDF DM digestibily (%) 
(g/pot) (% in DM) Hours in mmen liguor 

Leaf 1 4.4 23.5 54.8 72.3 
Stem 4.3 29.6 52.3 67.8 
Total 1 8.7 25.0 54. 1 7 1 .2 

Table 1 5 1 .  The concentrations (%) in dry matter soluble carbohydrate (WSC), N, P, K, 
Ca, Mg and Na of P. lanceolata 

Plant 12art wsc N p K Ca Mg Na 
Leaf 8 .5 4. 1 1  0.479 4.36 2.03 0.250 0.74 
Stem 2 1 .5 2.23 0.378 4.44 1 .96 0.208 0.67 
Total 1 1 .8 3.65 0.454 4.38 2.0 1 0.239 0.72 

The concentrations of water-soluble carbohydrate, N, nitrate-N, P, K, Ca, Mg and Na were 
determined in P. /anceolata, grown at Aberyswth (U.K.) in 1 985, 1 986 and 1 987 (Table 1 52) 
(Wilman and Derrick, 1 994). 

Table 1 52. Concentration (%) in dry matter of water-soluble carbohydrate, 
N, nitrate-N, P, K, Ca, Mg and Na of P. /anceo/ata 

Experiment 1 Experiment 2 Experiment 2 Experiment 3 (mean 
(harvested (harvested (harvested of four periods, 24 

28 Oct. 1 985) 23 June 1 986) 1 Oct. 1 986) Aug- I O  Oct. 1 987) 
Water-soluble 9.2 1 7.8 1 1 .5 8 .8 
Carbohydrate 

N 4.20 1 .90 2 .40 1 .52 
Nitrate-N 0.272 0.0 1 9  0. 1 62 0.0 1 6  

p 0.402 0.252 0.3 1 5  0.36 1  
K 3.50 2 .62 2.62 2 .89 
Ca 1 .860 1 .220 1 .430 1 .086 
Mg 0.245 0.235 0.242 0.233 
Na 0.3 1 5  0. 1 1 2 0. 1 30 0. 1 09 

1 .6. Pla11tago ovata Forssk., Fl .  Aegypt.-Arab. 3 1  ( 1 775). 

Lokmct ennadji, Lokmet en nagi (Ar.) 

Small stemless annual herb 6-8 cm high with short tap root 1 .5-2 cm long. Leaves a rosette 
l inear, grass-like, sparingly hairy, about 5 cm long and 3 mm broad. Inflorescences on long 

•• 
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peduncles, 2-5 (rarely up to 15 per plant), exceeding leaf length. Spikes cylmdrical, of 12- l 5 
flowers, 1.5 cm long and 0. 7 cm across. Fruit ovate, bout 2 mm long. 

Habitat and Distribution 

On fine soils and moist areas north of Qatar particularly agricultural fields and their vicinity (University 
Farm, Al-Suwairya). 

Constituents 
The proximate composition of P. ovata, growing in the Eastern Prouince of Saudi Arbia, is as 
follows: crude protein, 12.6: fat, 2.01; crude fiber, 26.8 ash, 22.0 and sand 8.9 ° o  (dry matter). 
The elements of the plant were: P, 1182; Ca, 1.96; Mg, 0.31; Na, 0.30; K, 2.0; Cu, 20.4; Mn, 
87.0; Fe, 2500; Zn, 175.0 and Mo, 6.2 µ g/g dry matter (Al-Noaim et al., 1991). The seed 
content of moisture, ash, protein, crude fiber, and carbohydrates of P. ispaghula (P. ovata) 
from different localities, in India, have been reported (Pendse et al., 1976). 

The seeds of four Plantago species including (P. psyllium, and P. ova ta) yielded mucilages 
similar to P. psyllium (Greenberg, 1948). The study of the polysaccharide of the seeds of P 
ovata revealed that the mucilage extracted by cold water had a higher uronic acid content (20 % ) 
and a lower pentosan content (52 %) than the polysaccharide isolated by extracting the residue 
with hot water at 90-95°C. The latter polysaccharide contained approximately 3 % uronic 
acid and 90 % pentosan. The sugar constituents of the mucilage were D-xylose, L-arabinose, 
L-rhamnose and D-galacturonic acid (Laidlaw and Percival. 1949, 1950). Similar results were 
obtained by Ahmed et al. (1965b) who isolated from the seeds of P. ovata, growing in Egypt 
two polysaccharides by extraction with cold and hot water successively. The cold and hot 
fractions which amounted to 22. 34 % and 3.24 % of the seeds respectively (Table 137), 
contained 20.4 % and 5.8 % D-galacturomc acid respectively. Also, the sugar constituents of 
both fractions were L-arabinose and D-xylose; L-rhamnose was only detected in the cold 
fraction (Table 13 7). Fractionation of the mucilage of P. ovata and P. arenaria by stepwise 

--=-- ----- -- - - - - - - - - ---
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Species 
8. P lapathifolium 

9. P minus 

10. P nepalense 

11. P. nodosum 

12. P orientate 
(Princ's feather) 

13. P pe,foliatum 

14. P rumex var. 
patientia 

15. P salicifolium 

16. P sieboldi 

17. P stelligerum 
(leaves) 

Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Table 158. Cont. 
Flavonoids 

Kaempferol, quercetin, quercetin 3-0-
glucoside, quercetin 3-0-galactoside, 
quercetin 3-0-glucoside-2"-gallate, quercetin 
3-0-arabinoside, kaempferol 3-0-galactoside, 
kaempferol 3-0-glucoside-2"-gallate and 5-
methoxy-6, 7-methylenedioxyflavone 
6,7-Methylenedioxy-5,3',4',5'-tetra­
methoxyflavone and 6,7-4',5'­
dimethylenedioxy-3,5,3'-trimethoxyflavone 

References 
Kul'pina et al. (1986); 
Tahara et al. (1993) 

Urones et al. (1990) 

5,4'-Dimethoxy 6,7-methylenedioxyflavanone, Rathore et al. 
5,6, 7,2',3',4',5'-heptamethoxyflavanone, (1986, 1987); I sobe 
quercetin 3-0-glucoside, quercetin 3-0- and Noda (1987a) 
galactoside, quercetin-3-0-rhamnobioside 
and luteolin-6-C-glucoside 
Kaempferol, quercetin 3-0-glucoside, 
kaempferol 3-0-glucoside-2"-gallate, quercetin 
3-0-glucoside-2"-gallate, quercetin 3-0-
rhamnoside-2"-gallate, quercetin 3-0-
rhamnoside, and kaempferol 3-0-glucoside 
Quercetin, taxifolin, quercetin 3'-0-
rhamnoside, rutin, quercetin 7-0-rhamnoside, 
isorhamnetin, taxifolin 3-0-glucoside, 
kaempferol 3-0-rhamnoside, chrysoeriol-7-
0-glucoside and isoorientin-6"-gallate 
Quercetin 3-0-glucuronide, perfoliatumin A 
(1091 )  and perfoliatumin B (1092) 

Isobe et al. (1980; 
Isobe and Noda 
(1987a) 

Zhang et al. (1990a); 
Zheng et al. 
(1997,1999 b,c) 

I sobe and Noda 
(1987a); Zhu et al. (2000) 

I sorhamnetin, kaempferol 3-0-glucoside and Su et al. (2000b) 
5-hydroxy-4'-methoxyflavanone 7-0-rutinoside 

Kaempferol 3-0-glucoside (astragalin), 
kaempferol 3-0-galactoside, quercetin 3-0-
glucoside (isoquercitrin), quercetin 3-0-
galactoside (hyperoside ), quercetin 3-0-(2"-
0-galloyl)- glucoside and quercetin 3-0-
glucuronide 
Quercetin 3-0-glucoside, quercetin 3-
rhamnoside, kaempferol 3-0-glucoside, 
quercetin and kaempferol 

Quercetin 3-0-glucoside-3'-methylether 
and rutin 

Cal is et al. ( 1999a) 

Isobe and Noda 
(1987a) 

Sartor et al. ( 1999) 
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Table 1 58. Cont. 

Species Flavonoids References 
18 .  P. viscosum Quercetin, 3 ,5-dihydroxy-3 ,4',5',7-tetra­

methoxytlavone , quercetin 3-O-(6"-
Datta et al. (2000a-c) 

ca ffeoyl)-13-D-galactopyranoside, quercetin 
3-O-(6"-feruloyl)-13-D-galactopyranoside 
and quercetin 3-O-(6"-galloyl)-13-D-galactoside 

19 .  P. weyrichii Quercetin, avicularin, hyperoside, quercitrin 
and rutin 

20. P. yokusaianum Quercetin 3-O-rutinoside, querectin 3-O­
glucoside, quercetin 3-O-galactoside and 
kaempferol 3-O-glucoside 

Levashova and 
Zhdanova ( 1 990) 

lsobe and Noda 
( 1 987a) 

Four neoflavonoids, 3 ,4-dihydro-4-( 4' -hydroxyphenyl)-5 , 7-dihydroxycoumarin, 3 ,4-
dihydro-5-hydroxy-7-methoxy-4-( 4 '-methoxyphenyl )-coumarin, 3 ,4-dihydro-5-hydroxy-4-( 4' -
hydroxyphenyl)-7-methoxycoumarin, and 3,4-dihydro-5, 7-dihydroxy-4-( 4'-methoxyphenyl) 
coumarin, were isolated from P. pe,foliatum (Sun and Sneden, 1 999). 

HO 

1090 Quercetin 3-rhamnoside-2"-gallate 
1091 Perfoliatumin A, R = H 
1092 Perfoliatumin B, R = Me 

OH 

A chalcone (2,4'-dihydroxy-3',6'-dimethoxychalcone) has been isolated from P. senegalense 
(Rizk, 1 986). P. lapathifolium contained in addition to 2'-hydroxy-4',6'-dimethoxychalcone, 
three chalcone derivatives (1093-1095) (Ahmed et al., 1 988). A dihydrochalcone diglucoside, 
4 '-O- [13 -D-gl ucopyranosyl-( 1 �6)-gl ucopyranosyl]oxy-2 '-hydroxy-3 ' ,6' -dimethoxy­
dihydroxychalcone, was isolated from P. salicifolium (Calis et al., 1 999). 

1093 R = Angeloyl 
1094 R = CH2CHMe2 
1095 R = CH2CH2CHMe2 

A cyclobutane derivative, named compound B (1096), a flavanonol named compound C 
(1097) and compoundA (l098) were isolated fromP. nodosum. Plastochromanols were detected 
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in Polygon um species. Scopoletin and herniarin were isolated from P. aviculare (Rizk, 1986). 
Coumarin and herniarin were identified in roots of P. weyrichii (Levashova and Zhdanova, 
1990). 5,7-Dihydroxychromone was isolated from the seeds of P. lapathifolium (Spencer and 
Tjarks, 1985). Polygonolide (1099), an isocoumarin possessing anti-inflammatory activity, 
was isolated from the root of P. hydropiper (Furuta et al., 1986). 

OMe 

1096 Compound B 

0 
(WP-

0 

o ""' I 
OH 

OMe 0 

1097 Compound C 

-�
w 

OH 0 

1 099 Polygonollde 

0 

1098 Compound A 

Malvin (malvidin 3,5-diglucoside) and cyanidin were identified in several Polygonum 
species (Yoshitama et al., 1984). Delphinidin glycosides were present in the sepals of P. 
nepalense and P. thunbergii (Yoshitama et al., 1987). 

Anthraquinones have been identified from different Polygonum species, particularly from 
the roots (Table 159). 

2,6-Dimethoxybenzoquinone was isolated from P. thunbergii (Tahara et al., 1993). 2-
Methoxy-6-acetyl-7-methyljuglone was identified in roots of P. multiflorum (Li and Lin, 1993). 

Several phenolic acids have been identified in Polygonum species (e.g. P. aviculare, P. 
bistorta and P. hydropiper). Among the compounds identified were cis/trans-ferulic, cis/trans­
sinapic, vanillic, syringic, melilotic, cisltrans p-coumaric, p-hydroxybenzoic, gentisic, cis/ 
trans-caffeic, protocatechuic, gallic,p-hydroxyphenylacetic, chlorogenic, salicylic and ellagic 
acids (Swiatek and Dombrowicz, 1987).Tannins have been identified in several Polygonum 
species, particularly in the roots. In P. coriarium, tannins were found to be distributed throughout 
the plant with a maximum concentration of 28.32 % in the root, while the stoks and leaves 
contained only 0.85-6.87 % (Rizk, 1986). P. coriarium provided the highest yield of tannins 
(32 %) in the 3"' year of growth during flowering and 18-20 % tannins during the vegetative 
phase. High tannins content was also reported in the roots of P. divaricatum, P. panjutinii and 
P. weyrichii (Pipinys, 1985). The roots of Polygonum species have been reported to contain 
the same catechols: epigallocatechol, gallocatechol, epicatechol, epigallocatechol gallate and 
epicatechol gallate (Rizk, 1986). (+)-Catechin and (-)-epicatechin have been identified in the 
aerial parts of P. divaricatum and P. weyrichii (Levashova and Zhdanova, 1990). Keneshov et 
al. (l 997a,b) isolated four oligmeric proanthocyanidins (T l -T4) from the roots of P. coriarium. 
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Species 
I .  P.aubertii 

2. P. cilii11erve 

3. P. cuspidatum 
(roots) (giant 
knot wood) 

4. P. elliptic11111 

(roots) 

5. P. hypoleuc11111 
(stems) 

6. P. 11111/tijlorum 
(roots) 
(fleece-flower) 

7. P. rumex var. 
patientia 

Table 159. Anthraquinones of some Polygo1111111 species 

Anthraguinones 
Emodin ( 1 1 00) and/or its glucoside 

Emodin and physicon (1 1 01)  and/or their 
glucosides 

Chrysophanol and emodin 

References 
Rizk ( 1 986) 

Rizk ( 1 986) 

Rizk ( 1 986); Yang et al. 
( 1 996c) 

Emodin, emodin-8-O-glucoside and physicon Chi and Kim ( 1 986) 

Emodin, emodin- 1 -O-glucoside physicon 
and physicon- 1 -O-P-D-glucoside 

Emodin, physicon, emodin-8-O-P-D-glucoside, 
2-acetylemodin, physicon 8-O-P-D-glucoside, 
questin, questinol, citreorosein, chrysophanol 
and chrysophanol-8-O-P-D-glucoside 

Emodin, chrysophanol, physicon, emodin 
dimethyl ether, emodin 8-O-P-D-glucoside 
and xanthorin-5-methyl ether 

Sun et al. ( 1 996); Kuo 
et a/. ( 1 997) 

Li and Lin ( 1 993); Yang 
( 1993); Yang et al. (1 998) 

Su et al. (2000a) 

8. P. sachalinense Emodin, emodin 8-O-glucoside and physicon Chi and Kim ( 1 986); 
(roots) Rizk ( 1 986) 

� 
HO� 

1100 Emod,n 1101 Physcion 

Stilbenes have been isolated from some Polygonum species. P. multijlorum roots contained 
2,3,5,4'-tetrahydroxystilbene-2,3-O-P-glucoside (polygonimitin C) (Zhou et al. , 1 994) and 
2,3,5,4'-tetrahydroxystilbene-2-O-P-D-glucoside. 3,5,4'-Trihydroxystilbene and its 3-O-P-D­
glucoside were isolated from the roots of P. ellipticum and P. sachalinense (Chi and Kim, 
1 986). The whole plants of P. cuspidatum, P.jiliforme, P. multijlorum and P. orientate contain 
the biologically active stilbenes resveratrol (1102), bisade (1103) and 2,3,5,4'-tetrahydroxy­
stilbene. These four species are health food additives that decrease serum lipids and enhance 
the metabolic activity of liver (Osaka Yakuhin Kenkyusho, 1 985). 5,4'-Dihydroxy-2-O-P-D­
glucopyranosyl-3-O-a.-L-rhamnopyranosyl- stilbene was identified from P. orientate (Zheng 
et al., 1 997). Stilbene derivatives, isolated from plants including P. cuspidatum and P. 

multiforum were claimed as hypolipidemics (Kawai, 200 1 ). 
Vanicosides A-F ( e.g. 1104,1105), phenylpropanoid glycosides (protein kinase C inhibitors) 

have been isolated from P. pensylvanicum (Zimmermann and Sneden, 1 994; Brown et al. , 

1 998) .  Polygoacetophenoside (1106), an acetophenone glucoside was identified in P. 



500 Al-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

11111/tijlorum (Yoshizaki et al. , 1987). Polydatin, an active glycoside on free radicals in ischemic 
brain injury, was isolated from the roots of P. cuspidat11111 (Leung and M o, 1996). rOH 

HO 

h 

OH 

1102 Resveralrol 

1104 Vanicoside A; R = Ac 
1 1 05 Vanicoside B; R = H 

glu-O 

o-CH=CH-0-0H 

HO 

1103 Bisade 

OH 

HO*Ac 

glu-O OH 

1106 Polygoacelophenoside 

Aviculin ( 1 107), a lignan glycoside, was isolated from the whole plant of P. aviculare 
(Kim et al. ,  1994). Three other lignans: arctiin, lappoal B, and orientalin, were isolated from 
the aerial parts of P. orie11tale (Zheng et al. , 1998). 

Deactylnomilin-1-0-gallate (1108) and four other limonoids were isolated from P. 
pe,foliatum (Liu et al. , 1999). Polygonimitin B ( l ,3-dihydroxy-6,7-dimethylxanthone-1-0-
� -D-glucoside) (Zhou et al. , 1994), N-trans-feruloyl-3-methyltyramine, N-trans-feruloyl-3-
methyldopamine (Li and Lin, 1993) and an indole derivative methylindole-3-(L-a.-amino-a.­
hydroxypropionate) (Yang et al. , 1998) have been isolated from P. multiflorum. 

MeO

�

CH20H 

I h -CHcO-glu 
HO 

� I 
::,.._ OMe 

0 

OH 

1107 Aviculin 1108 

Indirubin, indigo and N-phenyl-2-naphthylamine were isolated from P. tinctorium (Chen 
and Xie, 1984). 

24-Hydroxy-3-tetracosanone and 29-hydroxy-3-nonacosanone were isolated from P. 
capitatum (Wu and Wang, 1 985).  Oxalic, maleic, citric and cinnamic acids were identified in 
the stems of P. cuspidatum (Koj ima et al. , 1984). Tryptanthrin (1109), a specific antimicrobial 
substance against dermatophytes was isolated from P. tinctorium (Rizk, 1986). 

The uses of Polygonum species in folk medicine have been reported. Polygonum species 
are commonly used in Chinese and Japanese folk medicine for the treatment of bronchial and 

I - -- - -. - - - --
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pulmonary disorders, suppurative dennatitis, gonorrhea and hyperlipemia (Lin and Hsu, 1987; 
Ogwuru and Adamczeski, 2000). Resveratrol, isolated from Polygo1111111 species is a kinase 
ihibitor (Jayatilake et al., 1993). The anthelmintic properties of P. glabrwn (Muddathir et al., 
1987), anti-inflammatory activity of P. bistorta (Duwiejua et al. , 1994), and the antilipid 
peroxidation and liver protective effects of P. aviculare (Choi et al., 1997) were reported. P. 
ti11ctori11111 po sessed strong antianaphylactic activity (Kim et al., 1998b ). 

1109 Tryptanthrin 

1 . 1 .  P"/ygmmm equisetif(}rme Sm., Fl. Graec. Prodr. I : 266 (1809). 

Qabab (Ar.) 

Perennial herb from a strong tap root producing slender soft elongated branches. Branches 
with linear sessile or very shortly pedicellated leaves. Inflorescences axillary minute, with 3-
6 congested pink or purple-tinged minute flowers. Fruits winged. 

Habitat and Distribution 

Occasional on stony ground throughout central and north Qatar but never in large stands. 

' - -�--� - -- ----- ....----------- -- -�- � ·--
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Consti tuents 
The following flavonoids have been isolated from P. equiset(forme, growing in Jordan: 
quercetin, quercetin-3-O-rhamnoside, quercetin-3-O-glucuronide, quercetin-3-O-arabinoside 
and isorhamnetin (Ghazal et al., 1992). 

2. RUMEX L. 

The leaves of R. acetosa have been reported to be  of much higher nutritive value and are 
probably good supplement for protein of cereals, and that of R. tra11sclw11ic11111 showed good 
potential for cattle feed (Rizk, 1986). The presence of all the essential amino acids, some far 
above the levels of the FAO reference proteins, and the low levels of some antinutitional 
factors, suggest that the leaf of sorrel (R. acetosa) may be a cheap source of protein of a high 
nutritive value (Landeji and Okoye, 1993). 

The nutritive value of R. obt11sifoli11s, grown in a heated greenhouse at Aberyswth (U.K. )  
in February-April 1985, is shown in Tables 160 and 161 (Witman and Riley, 1993). 

Table 160. Dry matter (DM) harvested, neutral detergent fiber (NDF) 
and digestibility of R. obt11sifoli11s 

Plant part DM NDF DM digestibily (%) 
harvested (g/pot) (% in DM) Hours in rumen liquor 

24 48 
Leaf 4.9 22.0 67.3  68.0 
Stem 1.0 26.9 76.8 
Total 5.9 23.0 69.7 

Table 161 .  The concentrations (%) of dry matter soluble carbohydrate 
(WSC) and some minerals of R. obt11sifo/i11s 

Plant part wsc N p K Ca Mg Na 
Leaf 7.9 5.26 0.630 6.49 1.03 0.920 0.20 
Stem 2.63 0.628 10.15 0.67 0.417 0.12 
Total 4.77 0.630 7.19 0.96 0.829 0.19 

The concentration of water-soluble carbohydrates, N, nitrate-N, P, K, Ca, Mg and Na were 
determined in dock (R. obtusifolius), grown in Aberyswth (U.K.)  in 1985, 1986 and l 987 
(Table 1 62) (Witman and Derrick, 1 994). 

The roots of R. acetosa and R. japonicus yielded starch 7 and 6 % of fresh weight 
respectively (Fujimoto et al. , 1985). The water-soluble polysaccharide complex from the roots 
plus rhizomes of horsesorrel (R. co11fert11s) contained 21.8 % reducing sugars. Glucose, 
arabinose, xylose, galactose and glucuronic a cid were identified in the hydrolysate 
(Glukhovetskaya et al., 1991 ). Sucrose was detected in the roots of R. gmelini (Wong et al., 
1996). 
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Table 162. Concentration (%) in dry matter of water-soluble carbohydrate, and some 
minerals of R. obtusifolius 

Experiment 1 Experiment 2 Experiment 2 Experiment 3 
(harvested 28 (harvested 23 (harvested 1 (harvested mean of 

Oct. 1985) June 1986) Oct. 1986) four periods, 24 
Aug. - 10 Oct. 1987} 

Water-soluble 9.9 12.7 9.7 7.8 
carbohydrate 

N 4.72 2.12 3.98 3.39 
Nitrate-N 0.078 0.034 0.069 0.022 
p 0.622 0.308 0.448 0.475 K 4.82 2.95 4.12 4.30 
Ca 0.500 0.720 0.605 0.515 
Mg 0.415 0.262 0.458 0.423 

Na 0.285 0.090 0.088 0.115 
R. patientia accumulated high amounts of Cd, Cu and Zn (Marquard et al., 1 995). 

Seeds and pericarp of R. paulsenianus contained 7.8 and 0. 58 % lipids, respectively. The 
fruit and seed lipids were almost identical. The fruits contained 11 saturated, and 4 mono-, 2 
di, and one (18 :3) trienic free fatty acids. The triacylglycerides contained 2 rare monoaceto 
compounds: 1,3-dimyristoyl-2-acetyl- and l -myristoyl-2-capronoyl-3-acetyl-sn-glyceride, and 
1,3-dimyristoyl-2-capronoylglyceride, C27; C29 and C3 1  comprised ::; 78 % of fruit paraffins 
(Gusakova et al. ,  1990). Hydroxy acids, isolated from P. paulsenianus fruits, contained 22 
C,4_20 monohydroxy acids including isomers and 4 C1 8_20 dihydroxy acids, among them a new 
isomeric acid, 9-OH-10,12-17:2 (an isomer of 13-OH-9,11-17:2) (Gusakova et al., 1991). 

The fatty acid percentage of curly dock (R. crispus) lipid (0.24 %) was as follows: C14,0, 
0.48; C1 6,0, 12.32; C1 6:JcoJ' 0.87; C1 6,2co6, 0.24; C1 6: lcoJ9, J .93; CI S:O' J . lQ; CI S:JcoJ' 41.21; C1 8,4coJ' 
1.73; c ,8:2co6' 10.35; c t"8: lco7' 0.06; c,8: lco9' 1.08; c20:0' 0.50; c20:5co3' 0.12; c20: lco9' 1.08; c22:0' 0.61; 
C22, ,co t 1 ' 0. 42 and C24,0, 0. 34 % (Gui) et al. ,  1996) .  The oil content of field dock (R. 
pseudonatornatus) amounted to 3.8 %. The fatty acid composition of the oil was: C14,0, 4.5; 
C,4," o.6; c,6,0, 6.5; c,6, , , 0.2; c,8,0, 2.1; c,8, , ,  29.8; c,8,2, 37.9; c,8,3, 0.3; c20, 1 , 2.1; c22,0, 2.3; 
c22: I ' 1.8; c24:0' 4.8; c26:0' 3.4 and c28:0' 2.4 % (Daun and Tkachuk, 1976). 

The fatty alcohols of seed lipid of R. paulsenianus were C23 ,0_32 ,0 alkanols, the major ones 
being C24,0 and C26,0. The sterols identified in the seed lipid were P -sitosterol, campesterol and 
stigmasterol (Gusakova et al. ,  1990). Daucosterol was isolated from the root of R. gmelinii 
(Wang et al., 1996b ). The aerial parts of R. nepalensis contained P -sitosterol and lupeol (Khetwal 
et al., 1987). 

The genus Rumex is one of the genera, which are characterised by the presence of 
anthraquinones. Several anthraquinones, particularly chrysophanol, emodin and physicon were 
found in the different parts of Rumex species (Midiwo and Rukunga, 1985; Rizk, 1986; 
Demirezer and Kuruuzum, 1997). The anthraquinones, isolated from some Rumex species are 
shown in Table 163. 
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Table 163. Anthraquinones of some Rumex species 

Species 
I. R. abysinica 

(roots) 
2. R. abyssinicus 

(tubers) 

3. R. acetosa (leaves) 

(roots) 

4. R. acetosella 
(whole plant) 

5. R. alpi1111s 
6. R. bequaertii 

(all parts) 

7. R. bucephalophorus 
(aerial parts) 

8. R. chalepensis 
(leaves) 

9. R. crispus 
(all parts) 

I 0. R. dictyoca,pus 
11. R. gmelini 

(roots) 
12. R. gracilescens 

(roots) 

13. R.japonicus 
(Japanese dock) 
(roots) 

14. R. luminiastrum 
(all parts) 

15. R. nepalensis 
(aerial parts) 

Anthraquinones 
Chrysophanol, emodin and physicon 

Chrysophanol, physicon, palmidin C 
( emodin chrysophanol-bianthrone ), 
chrysophanol-/3-D-glucoside (1 110) and 
emodin 8-0-/3-D-glucoside ( 1 1 1 1 )  
Chrysophanol, 1,8-dihdroxyanthraquinone 
and aloe-emodin (1112) 
Chrysophanol, physicon, emodin, 
chrysphano 1-8-0-13-D-gl ucopyranos ide, 
phys icon 1-0-/3-D-glucopyranoside (1113) 
and physicon 8-0-/3-D-glucopyranoside 
(1114) 
Emodin, citreorosein, and chrysophanol-
8-0-/3 -D-glucopyranoside 
Chrysophanol, emodin and physicon 

Chrysophanol, emodin and physicon 

Chrysophanol, emodin and aloe-emodin 

References 
Muna vu et al. ( 1984) 

Fassil et al. (1985) 

Varma et al. (I 984) 

Kato and Morita (1987) 

Choe et al. ( 1998). 

Chubinidze et al. ( 1987) 

Midiwo and Rukunga 
(1985) 
Abd El-Fattah et al. 
(1994a) 

3-Methyl-1,6,8-trihydroxyanthraquinone- Hasan et al. ( 1997) 
1-0-[ a-D-glucopyranosyl-(1 �4)-a-L-
rhamnopyranoside] 
Chrysophanol, emodin and physicon Midiwo and Rukunga 

(I 985 ) 
Chrysophanol and emodin Guo et al. ( 1990) 
Chrysophanol-1-0-/3 -D-glucopyranoside 
and emodin 1-0-/3-D-glucopyranoside Kang et al. (1996) 
Chrysophanol, emodin, emodin-8-0-/3-D- Demirezer et al. 
glucopyranoside and chrysophanol 8-0-/3- (1995) 
D-glucopyranoside 
Chrysophanol, emodin and physicon 

Chrysophanol, emodin, physicon and 
emodin 8-0-glucoside 
1,8-Dihydroxy-3-methylanthraquinone, 
1,6,8-trihydroxy-3-ethylanthraquinone 
and 1,8-dihydroxy-6-methoxy-3-
methylanthraquinone 

Kim et al. (1998a) 

Abd El-Fattah et al. 
(1994a,b) 
Khetwal et al. (1987) 
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Table 163. Cont. 
Species Anthraquinones 

16. R. obtusifolius (roots) Chrysophanol, emodin and physicon 
17. R. patientia Chrysophanol, emodin, physicon, 

chrysohano 1-0-13-D-gl ucopyranoside, 
physicon-8-0-J3-glucopyranoside and 
emodin 8-0-J3-D-glucopyranoside 

References 
Arellano (1988) 
Yuan et al. (2000) 
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18. R. paulsenianus 
(fruit) 

Chrysophanol, aloe-emodin and physicon Gusakova et al. (1990) 

19. R. ruwenzoriensis 

21. R. tingitanus 

22. R. usambarensis 
(roots) 

Chrysophanol, emodin and physicon 

Chrysophanol, physicon, emodin, aloe­
emodin and crysophanein ( chrysophanol 
8-0-glucoside) 
Chrysophanol, emodin and physicon 

Midiwo and Rukunga 
(1985) 
Zaghloul and Abd El­
Fattah (1999) 

Midiwo and Rukunga 
(1985) 

6¢&,o, 
301 Chrysophanol; R1 = R2 = R3 = H 
1110 R1 = R2 = H, R3 = P-D glucose 
1111  R1 = H, R2 = OH, R3 = p-D glucose 
1113 R1 = p-D glucose, R2 = OMe, R3 = H 
1114 R1 = H, R2 = OMe, R3 = p-D glucose 

1112 Aloe-emodin 

Two sulphate anthraquinones ( emodin 1- or 8-monoglucoside sulphate and the related 
emodin dianthrone diglucoside sulphate) were isolated from R. pulcher (Rizk, 1986). 

Investigation of the total content of free, bound, neutral and acid anthraquinones of five 
Rumex species, studied by Brazdova et al. (1969), revealed that the high con tent  of 
anthraquinone derivatives was found in the roots of R. obtusifolius ( 4.31, 4.16, 4.15 and 0.56 % 
respectively). The anthraquinone glycosides content in the roots, stems, leaves and fruits was 
2.93, 0.08, 0.21 and 0.08 % respectively in R. gracilescens, and 1.17, 0.54, 0.66 and 0.49 % 
respectively in R. crispus (Demirezer, 1994). 

The accumulation of dianthrones and naphthalene-1,8-diols (in addition to anthraquinones) 
is characterstic of the genus Rum ex. Orientalone (11 15), a 1,4-naphthoquinone, has been isolated 
from R. orientalis (Rizk, 1986). Nepodin (dianellidin and musizin, 1 1 1 6) occurred in several 
species e .g. R. alpinus, R. nepalensis (Rizk, 1986), R. bequaertii, R. crispus, R. ruwenzoriensis 
(Midiwo and Rukunga, 1985) and R. japonicus (Miyazawa and Kameoka, 1991; Kim et al., 
1998a). Nepodin, nepodin monoglucoside and methoxynepodin have been identified in tissue 
cultures of R. alpinus (Rizk, 1986). An epoxynaphthoquinol derivative, ( +)-3-acetyl-2-methyl­
l ,5-dihydroxy-2,3-epoxynaphthoquinol (1117), was isolated from the root of R. japonicus 
(Zee et al., 1998). Five napthalene glycosides were isolated from the roots of R. patientia: 2-
acetyl-3-methy l-6-carboxy- l ,8-dihydroxynaphthalene-8-0-J3-D-glucopymoside ( rumexoside, 
1118), 4,4"-binaphthalene-8,8"-0-0-di-J3 -D-glucopyranoside (labadoside, 1 119), 2-acetyl-3-
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suffruticosa yielded 11-hentriacontane, 11-triacontane, 11-hexacosanol, P -sitosterol, P -sitosterol­
P -D-glucoside, stigmasterol and lupeol (Joshi et al., 1987). 

A betalain pigment, indicaxanthin (1144), was i solated from P. grandiflora (Chiji, 1976). 
The flowers of P. grandiflora, also contained the betaxanthins humilixanthin (1145, 5-
hydroxynorvaline- immonium conjugate of beta la mic a cid) (Strack et al . ,  1987b ) ,  
portulacaxanthin II (tryrosine - immonium conjugate ofbetalamic acid) and portulocaxanthin 
III (glycine-immonium conjugate ofbetalamic acid (Trezzini and Zryd, 1991). Quercetin 3-
rhamnoside was isolated from the aerial parts of P. sujfruticosa (Joshi et al., 1987). 

coo·
�

COOH 

- NH 
+N=C d I COOH H 

1144 lndicaxanthin 1145 Humihxanthrn 

Mn was more concentrated in the leaves than in the roots and stems of P. grandiflora. Old 
leaves are richer in a lkali carbonates than new leaves, which contained more Ca (Seto, 1 957). 

1 .1 .  Portulaca oleracea L., Sp. P l., ed. 1, 445 (1753). 

Birbeer, Rigla (Ar.); Purslane (En.) 
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Glabrous annual or short-lived perennial fleshy herb. Branches basal, decumbent - prostrate, 
green or reddish with opposite or clustered leaves'. Leaves obovate-spathulate, about 2 cm 
long and I cm broad, sessile, fleshy. Inflorescences axillary and terminal, congested, few­
flowered cymes (inset in branch axils); flowers yellow, close up mid-day with 2 boat-shaped 
sepals and 5 imbricate petals. Fruit a capsule dehiscing across the middle (circumscisle); 
seeds many, minute, renifom1, tubercled and black. 

'sometimes lower parts of branches swollen due to infestation. 

Habitat and Distribution 
By far the most common weed on Doha's roadsides. Common where moisture is available in agricultural 
fields, lawns, gardens, sewage disposal sites, water spillage and taps, etc. Flowers and fruits throughout 
the year. 
A cultivated form is eaten as a salad or cooked. 

Constituents 

It is an edible plant and is eaten fresh and as a cooked vegetable. The proximate analysis of P 
oleracea (pigweed, purslane, munyeroo ), growing in Australia, was as follows: water 85.5 %, 
protein 5 . 9  %, fat 0.2 %, energy 232 (kJ/100 g), thiamine 131 (µg/100 g) and ascorbic acid 
(traces) (James, 1983). P oleracea, prior to flowering, collected in spring and winter, contained 
vitamin A 6, I 00, 8,300 units/I 00 g and ascorbic acid 26 mg/I 00 g (Zennic and Ogzewalla, 
1977). The composition of the leaves of P oleracea used by locals in Mozambique as food, 
was reported as follows: water 91 %, food energy 255 (calories/100 g dry matter), nitrogen 
5.52, total protein 34.48 %, fat 5 .25, cellulose 10.50, nitrogen-free extract 25 .04 and ash 
24.73 % dry matter. The amino acid composition was: arginine 10.31, histidine 5 .17, lysine 
10.11, methionine 2.77, cystine 1.28, phenylalanine 11.90, tyrosine 6.24, lcucine 19.92 , 
isoleucine I 0.64, valine 13 .60, threonine 9.67 and tryptophan (mg/I g dry matter) (Oliveira 
and De Carvalho, 1975) .  The P -carotene content in Australian purslane (P oleracea) varieties 
ranged from 22 to 30 mg/g fresh mass in leaves (Liu et al., 2000). 

Whole purslane (P oleracea) plants contained 3 .5 % lipid (dry weight basis) of which 25 % 
was free fatty acids and 19 % sterols. Of the total fatty acids, major constituents were C1 8  1 
47.5, C1 8 •2 19.8 and C1r..0 15 .1  % (Boschelle et al., 1991). The dry seeds yielded 17.4 % oil 
(Handa et al., 1956). The total fatty acid content ranged from 1.5 to 2.5 mg/g fresh leaves, 0.6 
to 0.9 mg/g in stems and 80 to 170 mg/g in seeds. a Linolenic acid (C1 8 3"') accounted for 
around 60 and 40 % of the total fatty acid content in leaves and seeds respectively (Liu et  al., 
2000). Simopoulos and Salem (1986) reported that the plant contained 8.5 mg fatty acid/g wet 
weight and was a good source ofa-linolenic acid (4 mg/g wet weight). The study of the total 
lipids and omega-3 fatty acids in leaves, stems and whole plants and 3 ages revealed significant 
differences, but no relationship of age to plant part was found. Contents of C1 8  1,,,v C20.�'"3' 
C22 •5,,, 1, C22 1,,,v C1 8  2,"6 and C1 8  1.,9 showed that leaves were the richer source of omega-3 acids at 
each age (Omara-Alwala et. al. , 1991). The described omega-3 fatty acids could not be traced 
in the Austrian purslane sample studied by Jirovetz et al. (1993 ) which contained myristic, 
palmitic, stearic, oleic and linoleic acids. The fatty acids of the seeds were palmitic, stearic, 
behenic, oleic, linoleic and linolenic (Handa et al., 1956). Liu et al. (1995b) reported that the 
main fatty acids of the seeds were linoleic acid (45 .8  %) and linolenic acid (30.61 %). 
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other insects feeding on the pollen; female flowers producing white oval berries about I cm 
long with black seeds on ± sweetish pulp always eaten by birds. 

Habitat and Distribution 
Common in Doha in disturbed areas. Widespread on University of Qatar grounds, rare in rodats and 
sometimes occurs under Acacia trees on fine to sandy -stony soils. 

Consti tuents 
The unsaponifiable matter of the lipid of 0. baccatus, growing in Qatar, contained sterols 
(32.06 %), hydrocarbons (56.88 %), aliphatic alcohols (1 1 .0 1  %) and triterpene alcohols (0.05 %). 
The following components were identified in the hydrocarbon fraction: C2 1 ,0, 0.19; C23 ,0, 1 . 1 3; 
C24 ,0, 1.95; C2�,0, 3.85; C2r,:o' 5.17; Cm>' 1 1 .82; C29,0, 21.20; C3cl'I>' 8.99; C3 1 ,0, 23.86; squalene 
(9.74) and others (3.32 %). The components of the aliphatic alcohols fraction were: C20 0, 
7.98; c22 O' 8.97; c24 :0' 9.09; c2r,.o' 1 7.33; c27 O' 9.62; c2H O' 20.80; CJO·O' 21.49 and others (4.72 %). 
The sterol fraction contained 13-sitosterol (57.67 %), stigmasterol (23.54 %), campesterol (8.58 
%) and cholesterol ( I 0.22 %) (AI-Easa et al., 2002). 

The following compounds were isolated from the l ipid fraction of 0. baccatus, growing in 
Egypt: long chain alcohol, lupeol, lanostane derivative, and a sterol mixture consisting of 7-
stigmasterol and 7-ergostenol. Sixteen fatty acids and 13-sitosterol glucoside were identified. 
Four glucosinolates were isolated from the leaves and inflorescences of the plant, identified 
as: 2-(o-hydroxyphenyl)ethyl glucosinolate (1 147), 2-hydroxy-2-(o-hydroxyphenyl)ethyl­
glucosinolate (1148), 111-hydroxybenzyl glucosinolate (1149) and 2-hydroxy-(2',4'-dihydroxy­
phenyl)ethyl glucosinolate (1150) (Sarg et al., 1995). 

S-glu 

�NO-S03 

�OH 

1147 

OH S-glu 

�NO-S03 

�OH 

1148 

�
lu

_ y NO-S03 

OH 
1149 

S-glu 

�NO-S03 

HOA)lOH 

1150 

The following flavonoids were identified in the aerial parts of 0. baccatus, growing in 
Egypt: apigenin, kaempfcrol, quercetin, kaempfcritrin, rutin, quercetin 3-O-galactosyl-( I �2)­
a-rhamnoside-7-0- a-rhmnoside, quercetin 3-O-p-coumaroyl-( I �2)-glucosyl-( I �6)-13 -
glucoside-7-O-a-rhamnoside, quercetin 3-gentiobiosidc, quercitrin, isoquercitrin, astragalin 
(kaempferol 3-glucoside) and afzelin (kaempferol 3-rhamnosidc) (Barakat et al. ,  1991; Sarg 
et al., 1994). 

XXX. RHAMNACEAE Durande 

1. ZIZIPHUS Mill. 

The proximate analysis of some Zi=iphus species arc shown in Table 165 (Duke and Atchley, 
1 986). 
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Table 165. The proximate analysis of some Zi::ip/111s species 
Species/ Plant part Protein Fat Total carbohydrates Fiber Ash 

% %, % % % 
I .  Z. j11j11ba 

leaves I 1 .8 6.3 75.3 1 4. 3  8.6 
shoots and fresh leaves 8.8 1 .7 78.9 30. 1 1 0.8 
seeds 39.4  27.6 

36.9 33.5 
fruits 6.9 1 .7 88.7 4.8 2.6 

1 0.6 0.6 85 .3  3.5 3.5 
4.0 0.7 92.6 4.7 2.7 
5 . 3  75 .4  3.8 2.7 

2. Z. 111a11ritia11a 
fruits 6.7 0.5 88.4 4. 0 3.5 

5 .3  0.0 9 1 .0 6.5 5 .8 
1 3.7 0.7 79.9 
4.3 1 .6 92.4  

3 .  Z. 11111cro11ata 
shoots and fresh leaves 1 4.3 2.6 73.7 8.4 9.4 

4. Z. 1111m11111/aria 
leaves 1 1 .5  1 .6 80.7 33.8 6.2 

5 .  Z. spina-christi 
fmits 5 . 3  1 .0 88.9 4.9 

Several cyclopeptide alkaloide have been isolated from Ziziphus species, particularly from 
the barks. In addition, the fruits of Z. sativus contained isoquinoline alkaloids. Examples of 
the alkaloids, isolated from some Ziziphus species are l isted in Table I 66. 

Table 166. Alkaloids of some Ziziphus species 
Species Alkaloids References 

I .  Z. amphibia Amphibines 8 (1151 ), D (1152) and E (1153) Rizk ( 1 986) 

2. Z. hutchinsonii Hysodricanine A (1154) 

3. Z. hysodrica Hysodricanine A and hysodricanine 8 
(leaves) 

4. Z. lotus Lotusine A (1155) and lotusine D (1156) 
(bark) 

5. Z. mucronata Mucronines A-H, J (e.g. 1 157-1160), 
(bark) abyssenine A and two other cyclopeptide 

alkaloids (1161 ,1162) 

Rizk (1986) 

Rizk ( 1 986); Khokhar 
and Ahmad (1993) 

Ghedira et al. ( 1 993) 

Rizk ( 1 986); Shah et al. 
(1987); Barboni et al. 
( 1 994); Auvin et al. 
(1 996) 



5 1 8  

Species 
6. Z. oe11oplia 

7. Z. saliva 

(bark) 

8. Z. spinosus 

9. Z. vulgaris var. 
spinosus (seeds) 

AI-Easa, H.S ;  Rizk, A.M. ; Abdel-Bari, E.M. 

Table 166. Cont. -----------------
A I k a Io ids 

Ziziphinine and ziziphines A-C (11 63-1 165) 

Frangulanine (11 66), sativanines A-G (e.g. 
1 1 67-1 1 7 1 ), frangufoline (1 172), 
nummularine B, mucronine D, stepharine 
( 1 173), N-nomuciferine and asimilobine (1174) 

Sanjoinine A 

Sanjoinine GI  (1175) 

References 
Rizk (1 986) 

Shah et al. 

( l 985a,b, I 9�6a,b ) ;  
Rizk (1 986) 

Park et al. ( 1 996a) 

Park et al. ( 1 996a) 

1151 Amphibine B; R = C6HsCH2-, R 1 = CH(CH)3C2H5, R2 = C6H5CH2 
1152 Amphibine D; R = C6H5CH2-, R, = CH(CH)3C2H5, R2 = -CH(CH3)C2H5 
1153 Amph1bine E; R = CH2CH(CHa)2-, R, = indolyl-CH2, R2 = -CH(CH3)C2Hs 1154 Hysodricanine A 

1155 Lotusine A; R = Me 
1156 Lotusine D; R = H 

1160 Mucronine D 

1157 Mucronine A; R = CH3, R 1 = CH2-C6H5 
1158 Mucronine B; R = H, R1 = CH2-C6H5 
1159 Mucronine C; R = CH3, R1 = CH2-CH(CH3)2 

ORa 

,& 

0-{

«r

:
tH'N 

0 

_.,N 0 
R1 'R2 
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1163 Ziziphine A, R = N,N-dimethyl-Ile 
1164 Ziziphine B, R = N-methyl-lle 
1165 Ziziphine C, R = N,N-dimethyl-l'h. 

1167 Sativanine A 

1169 Sativanine D 

1 171 Sativanine G 
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Caffeine has been detected in Z. joazerio (Myiake Kato and Alvarenga, 1 997). The 
identification of several triterpenoids has been reported in Zizip/111s species. Betulin and betulinic 
acid have been found to occur in varying amounts in most of the Ziziplws species (Murya et 
al., 1 989). Both triterpenoids have been identified in Z. jujuba, Z. 1111111111ularia, Z. oe11oplea, 
Z. rugosa, Z. saliva, Z. tri11ervia and Z. xylopyra (Devi et al. , 1 987; Tripathy et al. ,  1 988; 
Murya et al., 1 989). The stem bark of the Brazil ian medicinal plant Z. joazeiro contained the 
fol lowing triterpenes: betulinic acid, lupeol, ursolic acid, alphitolic acid and 3 derivatives of 
betu l in i c  a cid, 7P -(4 -hydroxybenzoy l oxy) -betu l in ic  a cid ,  7P -(4-hydroxy- 3-
methoxybenzolyloxy)-betulinic acid and 27-(4-hydroxy-3-methoxybenzoyloxy)-betulinic acid 
(Myiake Kate and Alvarenga, 1 997; Schuhly et al., 1 999). The presence of oleanolic acid, 2a­
hydroxy ursolic acid and ceanothic acid were also identified in Ziziphus species (Rizk, 1 986). 
Lupeol, betulinic acid and isoceanothic acid (1 176) have been identified in stem wood of Z. 
xylopyra (Jagadeesh et al., 2000). 

Four dammarane-type saponins were isolated from the root bark of Z. lotus: jujuboside A 
(1 177), jujuboside C, lotoside I and lotoside II (Renault et al., 1 997). Jujubosides A and B 
(1 178) were also isolated from the seeds of Z. spi11osa (Wang and Lin, 1 996) .  The stem bark of 
Z. joazeiro yielded two dammarane-type saponins: joazeirosides A and B (Schuhly et al., 
2000). 

Rugoside A (1 179) was isolated from Z. rugosa (Pandey and Tripathi, 1 993). A saponin, 
which gave upon acid hydrolysis ebelin lactone was characterised from Z.joazeiro bark (Rizk, 
1 986). 

B-Sitosterol and B -sitosterol glucoside were isolated from the bark of Z. saliva (Devi et 
· al., 1 987). Glyceryl stearate was identified in the bark of Z. joazeiro (Myiake Kato and 
Alvarenga, 1 997). 

The seeds ofZ. vulgaris var. spi11osus, contained a number of flavone C-glycosides e .g. 
spinosin (2"-0-P -glucosylswertisin), derivatives ofspinosin (1180) and swertisin (1181 ) (Rizk, 
1 986). The bark of Z. rugosa yielded kaempfcrol, quercetin, myricetin, apigenin and apigenin 
7-0-glucoside (Tripathy et al., 1 988). Kaempfcrol and myricetin were identified in Z. saliva 
(Devi et al., 1 987). An antiallergic agent, identified as ethyl-a-D-fructopyranoside (11 82), 
was isolated from Z. .fi-l1ctus (Rizk, 1 986). 

� ' 

1176 Isoceanothic acid 11 n Jujuboside A 
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1178 Jujuboside B 
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The use of Ziziphus species in folk medicine has been reported. Z. rugosa is reported to be 
used for the treatment of diarrhoea and menorrhagia in India (Tripathy et al., 1988). Z. 
mucronata, known in South Africa as the "buffallo thorn", is reported to have numerous magico­
medicinal uses. A widespread remedy for almost any pain is a poultice of the powdered and 
baked roots, which is eaten after removal from the affected area. The leaves arc used for skin 
infections, while a root decoction is the accepted treatment among some Africans for tubercular 
gland-swellings. Sufferers from dysentery and lumbago also use the root. An infusion of the 
bark cures coughs (Palgrave, 1 988, Barboni et al., 1 994). Some Ziziphus species have been 
found to possess sedative, analgesic, anti-inflammatory, hypoglycemic, antibacterial and 
anti fungal activities (Jossang et al. , 1996). The water extracts of Z. spinosa seeds, leaves and 
fruits, but not jujuboside A, had inhibitory effects on the central nervous system (Wu et al., 
1993). Total saponins of Z. spinosa seed reduced the content of water and malondialdehyde in 
ischemic brain tissues in rats, elevated the activity of super oxide dismutasc, crcatin kinase 
and lactate dehydrogenasc, decreased the content oflactate and alleviated the damage ofnervc 
cells in the brain. These results suggested that Z. spinosa has protective effects on the cerebral 
ischemic injuries (Bai et al., 1 996). The sedative activity of cyclopeptide alkaloids isolated 
from the seeds of Z. vulgaris var. spinosus and stem bark of Z. Jt!juba var. inermis, has been 
reported (Han et al., 1993) .  Mucronines F-1-1 have been found to possess bacteriostatic and 
fungicidal activities (Tschesche et al., 1974). The betalinic acid derivatives, isolated from Z. 
joazeiro showed antibacterial activity (Schuhly et al., 1999). 

1 . 1 .  Ziziplms 111a11ritia11a Hamilt. 
syn . .  Z. j11j11ba Lam., Encycl. 3 :3 1 8  ( 1 789). 

Sidr (Ar.), Nabag, Kcnar (Ar.) for fruits. 
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Large evergreen tree exceeding 5 cm in height with l ush green leaves. Leaves ovate, palmatetly 
tri-nerved, shiny above, greyish beneath. Inflorescences cymose, pale yellow-green; flowers 
small. Fruit globose, orange drupes with sweet pulp 

Habitat and Distribution 

An exotic tree introduced to Qatar and now self-seeding. In pnvate gardens m Doha and all major towns 

and a very popular tree grown for shade and fruit and as a hedge plant and a windbreaker in most farms. 

Constituents 
The proximate analysis and amino acids of Z. 111auritia11a, growing in Qatar, are shown in 
Tables 1 75 and 1 76 (AI-Easa, 2002a,b). The proximate analysis of the different parts of Z. 
j11j11ba and fruits of Z. 111a11ritia11a are shown in Table 1 65 .  The proximate composition of two 
samples of the fruits of Indian jujube (Z. mauritiana) was as fol lows: water 77.0 73.7  %; 
protein 0.8, 0.5 %; fat 2.4, traces %; energy 388, 425 (KJ / I  00g); thiamine 0.46 (g/ 1 00 g) and 
ascorbic acid, traces, traces (James, 1 983). 

The amino acid composition of Z. 111a11ritia11a, growing in Niger. was as follows: aspartate 
1 3. 2, glutamate 1 2.6, serine 2.9, g lycine 301 , histidine 1 .3, arginine 6.6, threonine 2.5,  alanine 
3.9, proline 3. 1 ,  tyrosine 2.2. valine 3.9, methionine 0.8, cysteine 1 . 9, isoleucine 3.0, Ieucine 
5 . 1 ,  phenylalanine 3.0, l ysine 2.9 and tryptophan 1 .7 mg/g dry weight. The total protein 
amounted to 73.7  mg/g dry weight. The fatty acid content of the same sample was: C 1 2_0, 0.05 ; 
c l 4 0' 0. 1 3; c 1 r. o• 3. 90; c 1 6  , 0. 1 5; CI X O' 2.20; c l 8  I ' 1 8.0; CI K 2' 7 .20; CIO' 0.27; CW O' 0.52  and 
C20 1 , 0. 1 3  mg/g dry weight. The mineral content of the plant was reported as fol lows: Ca 
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(4400), Cr {< 5 .0), Cu (7.0), Fe (43 . 1 ), K (7250), Mg ( I 1 20), Mn ( 1 2. 1 ), Mo (< 5 .0), Na (7.7), 
Ni {< 5 . 0), P ( 1 780), Sc (< 5 .0) and Zn ( 1 5 . 0) �tg/g dry weight (Sena et al. , I 998) . 

The fruits of ten cultivars of Z. 11tj11ba contain 0.94-3. 1 2  % crude protein, and 8.00-I 3. I 6 % 
sugars. The vitamin C content was 5 1 .98-87.85 mg/ I 00g of edible portion (Rizk, I 986). 

The leaves of Z. mauritiana are an excellent source of the essential fatty acid l inoleic acid, 
and several of the metals including Fe, Ca, Mg and Zn. Its content ofother essential nutrients, 
however, was rather low (Sena et al., 1 998). The di ffcrent composition (N, P, K, Ca, Mg, Fe, 
Zn and Mn) of the leaves of Z. mauritiana during different stages of the crop has been reported 
(Rizk, I 986). A mucilage was obtained from Z. ma11ritia11a (Ghosh et al., 1 993 ). Sucrose was 
identifi ed in Z. j1tj11ba (Rizk, 1 986). A Iectin from Z. mauritiana has been purified and 
characterised from seeds and cotylcdonary leaf callus extracts (Gupta and Srivastava, 1 998). 
Fatty acids from the dried pulp ofZ.J1!i11ba contained 33 components with a chain length from 
7 to 28 carbon atoms and approximately an equal ratio of total saturated and unsaturated, 
mainly monoenic, acids. Among them, the isomers of palmitoleic acid 1 6: I (7) and I 6: I (9) 
predominate (Gusakova et al., 1 999). Dihydroalphitol ic acid methyl ester along with 1 4  oily 
constituents, were identified in fruits of Z. j1tjuba (Bai et al., 1 992). Seventy-eight compounds, 
among whi ch ali phatic acids and carbonyl compounds accounted for 62.97 % and 29.56 % of 
the total, were identified in fmit of Z.Jitjuba var. inermis . The major compounds were decanoic 
acid ( 1 9.98 %) and dodecanoic acid ( 1 5 .64 %) (Wong et al., 1 996). 

The stems of Z. mauritiana contained zizogenin (1 183), a sapogenin, betulinic acid, lupeol, 
betul in, P -sitosterol and P-sitosterol acetate (Rizk, 1 986). Betulin and betulinic acid were 
identified in the stem bark of Z. jztjuba (Murya et al., 1 989). The roots of Z. j1tjuba var. 
spinosa contained the following compounds: betulin, betulinic acid, ursolic acid, ceanothic 
acid (1 184), 2a-hydroyursolic acid, P -sitosterol-3-O-P -glucoside (11 85) stigmasterol 3-O-P­
glu coside (1 1 86) ,  24-O-feru loyl - l ignoceric a cid (11 87)  {Lee et al. , 1 995b) ,  2-0-
protocatechuoylaliphitolic acid (11 88), 2a-hydroxypyracrenic acid (11 89 )  and 3-O­
protocatechouylceanothic acid (11 90) (Lee et al. , I 996). 

1183 Zizogenin 1184 Ceanothic acid 

1185 �-Silosterol 3-0-glucoside 
1186 Stigmasterol 3-0-glucoside, t,.22(/rans) 1187 24·0-Feruloyllignoceric acid 
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1 189 211-Hydroxypyracrenic acid 

1190 3-0.Protocatechouylceanoth,c acid 

The fruits of Z. j11j11ha contained in addition to the triterpenoid acids betulonic, betulinic, 
oleanolic and maslinic, several p-coumaroylates of alphitolic (1 191)  and maslinic (1 192) acids 
identidied as: 3-0-trans-p-coumaroyl-, 2-0-trans-p-coumaroyl and 3-0-cis-p-coumaroyl 
alphitolic acid, 3-0-trans-p-coumaroyl and 3-0-cis-p-coumaroyl maslinic acid (Rizk, 1 986). 

1 1 91 Alphitohc acid 1 1 92 Maslinic acid 

The fruits of Z. j11j11ba var. inermis contain pentacylcic triterpenes and dammarane-type 
saponins. The seeds of Z. j11j11ba yielded jujobosides A and B and the fruits saponins I, II and 
III, all of which give on acid hydrolysis the sapogenin jujubogenin. Saponins ( of the same 
type) together with pentacyclic triterpenes were identified in fruits of Z. j11j11ba var. inermis 
(Rizk, 1 986). 

The leaves of Z. jujuba contained several dammarane saponins: jujusaponins I-YI ( e.g. 
1193-1 195), ziziphus saponins I-Ill (1196-1198) and jujuboside B .  All these compounds showed 
sweet-reducing activity (antisweet principles) (Yoshikawa et al. ,  1 99 1 ,  I 992a,b ). 

The seeds of Z. jujuba var. spi11osa contained several bioactive saponins: jujubosides A I 
and C, acetyljujuboside B, protojujubosides A, B and B 1 .  Protojujuboside A and jujubosides 
A-C were found to show potent immunological activity (Matsuda et al., 1 999). 
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Several peptide akaloids have been isolated from the plant. The bark of Z. mauritiana 
contained mauritines A, 8, C, D, E, F, H and J ( 1 199-1206), frangufol ine and amphibincs B, 
D, E, F ( 1 207) and H ( 1 208), mucronine D, numularines A (1 209) and B ( 12 10) andjubanines 
A-C (e.g. 1 2 1 1 ,  1 2 1 2) .  The stem bark of Z. jujuba contains mauritine A, mucronine D, 
amphibine H, numularines A and Band jubanines A and B. Five alkaloids of the 1 3-mernbered 
cyclopcptide alkaloids were also isolated from Z. j11juba leaves. Also the leaves contained 
coclaurine, isoboldine ( 1213), norisoboldine ( 1214), asimilobine, juziphine ( 1215) andjuzirine 
( 12 16) (Rizk, 1 986). Cyclopeptide alkaloids were also present in seeds of the friut ofZ.J11j11ba 
(Ahmad, 1 991 ) .  
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The glyeosidic fraction of the fruits ofZ.jujuba var. inermis reported to have hypotensive 
and sedative actions, has been found to contain the fol lowing O-glycosides ofbenzyl alcohol 
and vermifoliol :  zizybeoside I (1 2 1 7), zizybeoside II (1 2 1 8), zizyvoside I (1 2 19), zizyvoside 
II (1 220), roseoside ( 122 1 ), 6,8-d i-C-glucosyl-2(S)-naringenin (1 222) and 6,8-di-C-glucosyl-
2(R)-naringenin (1 223) (Rizk, 1 986). 

The seeds of Z. jujuba (Z. vulgaris var. spinosa) contain in addition to the flavone C­
glycosides "spinosin" and swertisin, three acylated spinosins: spinosin A (6"-sinaposylspinosin, 
1224), spinosin B (6"-feruloylspinosin, 1 225) and spinosin C (6"-p-coumaroylspinosin, 1 226) 
(Rizk, 1 986). 
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1200 Mauritine B; R = CH(CH3)C2H5, R 1 = CH(CH3)2, R2 = CH2·C6H5, Ra = Me 
1202 Mauritine D; R = CH(CHa)C2Hs, R1 = CH2·CH(CHa)2, R2 = CH(CHa)C2Hs, Ra =  Me 
1 203 Mauritine E; R = Me, R 1 = CH(CHa)2, R2 = CH(OH)-C6H5, Ra =  Me 
1 204 Mauritine F; R = Me, R 1 = CH(CHa)2, R2 = CH2-CaHs, Ra = H 
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The leaves of Z. jujuba contained quercetin 3-O-glucoside, quercetin 3-O-diglucoside, 
quercetin-3-O-rutinoside, rhamnetin and eriodictiol (Soulc les and Shammas, 1 988). The seeds 
of Z. jujuba var. spinosa contained eight tlavonoids: swertisin, puerarin, 6"-feruloylspinosin, 
apigenin-6-C-13-D-glucopyranoside, epinosin, 6"-femloylisospinosin, isospinosin (1227) and 
isovitexin-2"-O-J3-D-glucopyranoside (Cheng et al. , 2000). 

Z. jujuba twigs contained 2.9 % tannins, while the bark contained 4.9 % (Rizk, 1 986). 
Malik et al. ( 1 997a) studied the catechin and proanthocyanidin compositions of the l eaves 
and bark of Z. jujuba over the vegetation periods. This has l ed to the isolation of 16 compounds, 
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including 8 monomeric catcchins: (-)-cpialzclcchin, (-)-cpicatechin, (-)-cpigallocatcchin, (-)­
cpi catcchin gal latc, (-)-cpigallocatechin ga l latc, (+)-catechin, (+)-catechin gallatc, and (-t )­
ga l locatcchin and 4 dimcric proanthocyanidins: (-)-cpiafzclcchin-( 4B-8)-(-)-cpicatcchin, 
poroanthocyanidin B-2, (-)-cpicatcchin-( 4B-8)-6-cpigallocatcchin and (-)-cpiafzelcchin-( 4B-
8)-(-)-epigal localcchin; and 4 ol igomeric proanthocyanidins consisting of epiafzclechin, 
cpigal localechin, catechin and cpicatechin. 

OH 

OH 
HO

J-
oj 

OH 

1 227 lsospinosin 

Z. j11j11ba (syn. Z. sativus, Z. vulgaris) has been used in Greek folk  medicine as a nutrient, 
emollient and laxative. The infusion of the fruits is used as a sedative, stimulant and duretic 
(Soulclcs and Shammas, 1 998). The seeds of Z. jujuba var. spinosa arc a famous Chinese 
medicine used for the treatment of insomnia (Lee et al., 1 996). Peng et al. ( 1 995) reported the 
protective effect of seed of Z. j11juba in mice with endotoxin fever induced by superoxide 
dimutase deficiency. 

J .2. Ziziplms 111111111111/aria (Bum. f. ) Wight & Walk., Am. Prodr. 1 62 ( 1 834) .  
syn. Rlw1111111.1· 111111111111/aria Burm. f., Fl .  Ind. 6 1  ( 1 768). 

Sidir (Ar.); Kanar, Nabag (Ar.) for fmits 

Anned perennial stout woody trees or rambling shrubs reaching up to 3.5 m high or more but 
usually stunted by extensive over-grazing forming low thickets of dense growth. Branches 
zigzaging with alternate stipulate leaves. Stipules a pair of spines: one erect and the second 
down-curved. Leaves ovate-orbicular, palmately 3-nervcd, glabrous and shiny above, dull 
green and tomcntosc beneath, about 1 -2 cm long; smaller leaves may be produced on lower 
tree trunks by activated buds in response to extreme stress. Inflorescences fascicles of greenish 
yellow smal l  flowers with distinct strong fruity smel l .  Fruit spherical orange drupe about I 
cm across bitter or sweet, edible and usual ly infested with insect larvae. F lowers and fruits 
Feb.-May. 

Habitat and Distribution 
In rodats with deep fine soils indicative of proximity of the water level and deep depressions with 
seasonal flooding. More common in central and north Qatar. 
A much favoured heavily grazed plant by all animals in particular camels and goats. 

-- -- -- - - - - - - - -
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Constituents 

The Fatty acids and minerals of Z. 1111111111ularia, growing in Qatar, are shown in Tables 1 75, 
1 78 (AI-Easa, 2002c,d). 

The evaluation of Z. 11u111111ularia leaves as a fodder for sheep and goat has been reported; 
it contained 5 .84 % digestible crude protein and 47 .5 1 ° o total digestible nitrogen (Rizk, 1 986). 

The root bark of Z. nu111111ulana contained alkaloids of both the 1 3-membered and 1 4-
membered cyclopeptide ring system: nummularines A, B, C (1228), D (1 229), F (1230), G 
(1231), H (1232), K (1 233), amphibine H and mucronine D (Rizk, 1 986). The following 
alkaloids were isolated from the stem bark of Z. 11u111111u/aria, growing in Saudi Arabia: 
amphibine-A, franganine, nummularine-F and sativanine-C (Shah et al. , 1 990). 

Zizynumin, a dammarane saponin (P-D-glucopyranosyl ( I �2)-6-deoxy-a-L-talopyanosyl­
( l  �3)-a-L-arabmopyranosyl-( I �3)-jujubogenin) has been isolated from the leaves. A 
steroidal sapogenin, manogenin (1234) together with the flavonols taxifolin and its 3-glucoside 
have been identified from the whole plant. The bark yielded sitostcrol ,  stigmasterol, betulinic 
acid, oleanolic acid, ceanothic acid and the p-glucosides of sitosterol and stigmasterol; and 
the leaves contained 11-octacosanol and quercetin 3-O-galactoside (Rizk, 1 986). 

1 228 Nurnrnularine C 

0� 
Ph-( ';:;=! ) 

HO_,_N� 
HN HN '---\ 

x: 
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1229 Nurnrnularine D 1230 Nurnrnulanne F 
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1231 Nummularine G 1 232 Nummularine H 1233 Nummularine K 

HO 

HO 

1234 Manogenin 

Z. nummularia is reputed for is medicinal importance (Rizk, 1 986). The edible fruit is 
cooling, astringent, appetizer and stomachic (Rizk and Ghazaly, 1 995). The decoction of the 
bark is used for the treatment of joint pain, as gargle in sore throat and bleeding gum (Kirtikar 
and Basu, 1 984). The crude alkaloids of the stem bark inhibited the growth of Bacillus subtilis 
(Shah et al. , 1 990). 

1 .3. Ziziphus spilw-cl,risti (L. )  Desf., Fl. Atlant. I :20 I ( 1 798). 
syn. Rlu11111111s spi11a-christi L., Sp. Pl., ed. I ,  1 95 ( 1 753). 

Areen, Sidir (Ar.); Kanar, Nabag (Ar.) for fruits 

Similar to Z. 111111111111laria but a much larger tree with larger almost circular crown and more 
shiny leaves. Fruit always larger (slightly over I cm across), orange with sweet taste. 

H abitat and Distribution 
Less common in the wild and in fewer rodats. More common in farms reaching extremely large size in 
the availability of water e.g. As-Shahaneyia and north-eastern Qatar. 

Constituents 
Fructose, glucose, sucrose and raffinose were identified in the plant (Rizk, 1 986). Total soluble 
solids, sugars, carotenoids and ascorbic acid contents of jujube fruit (Z. spi11a-christi) increased 
titratable acidity, total chlorophylls and total phenolics decreased with fruit maturity (AI­

Niami et al. ,  1 992). 
The leaves contained ceryl alcohol, P -sitosterol, ursolic acid and betulinic acid. The fatty 

acids were identified as myristic, stearic, oleic, linoleic, linolenic, and arachidic acids (Ali et 
al., 1 985 ). In addition to P -sitosterol, the following compounds have been identified from the 

·-
-------:r----- -- ----- ------====a,-���-�-- ---- ---- -- � 
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plant, B -sitosterol B-D-glucoside, octacosenol, octacosanol ,  octacosanyl behenate, 11 -
nonacosane, betul ic acid and ceanothic acid (Rizk, 1 986). 

The following alkal oids have been identified from the plant: amphibines A, E and F and 
mauritine C (Rizk, 1 986). Franaganine, mauritine-C, sativanine-A, zizyphine-F, jubanine-A, 
amphibine-H and spinanine-A ( 1235) were isolated from the stem bark of the plant (Shah et 
al. , 1 986b; Abdel-Gali I and EI-Jissry, 1 99 1  ) .  

1235 Spinanine A 

Saponin glycosides: christinins A-D have been isolated from the leaves (Glombitza et al. , 
1 994; Mahran et al., 1 996). 

The leaves of Z. spina-christi contained the fol lowing flavonoids: dihydrokaempferol, 
apigenin 7-O-glucoside, taxifolin and taxifolin 3-O-glucoside (Ali et al. , 1 985). The fatty 
acids of the leaves of Z. spina-christi (nabc), growing in Egypt, were identified as palmitic, 
the main constituent (72 %), fol lowed by stearic ( 1 3  %), myristic (2 %) and traces of valeric, 
caproic, pelargonic, arachidic, henicosanoic, behenic and tricosanoic acids. 

The neutral hydrocarbons identified in the unsaponifiable matter of the l ipids, containd 11-
pentacoane (81 %), 11-triacontane (8 %), 11-nonadecane (5 %), 11-tetratriacontane (3. 7 %) and 
traces of C 1 7-C3/Younes et al., 1 996). 

The fol lowing compounds were identified in the volatile oil of the leaves: acetone (3.3), 
ethanol (5.20), acetic acid (0.63), butyric acid (2.83), diethylketone ( 4.46), 2-pentanone (3.96), 
B -ionone ( 1 .84), 11-propanol (I 0.26), 2-methylbutanol (2. 72), methyl isovalerate (0.88), 3-
methylbutanol (3.08), linalool ( I I. 1 5), 2-pentanol ( 1 .56), terpineol ( 1 6.42), B -pinene (0.26), 
amyl alcohol (0. 74), benzaldehyde (0.53), geraniol (0.64), benzyl alcohol (0.21 ), tra11s-famisol 
(3.76) and cis-famisol (9.3  %). B -Sitosterol, oleanolic acid and masl inic acid, as wel l  as 
arabinose, xylose, rhanmose and galactose were detected in the acid hydrolysate of the plant 
(Younes et al., 1 996). 

The fol lowing flavonoids were isolated from the leaves, fruits and seeds ofZ. spina-christi: 
quercetin, hyperoside, rutin and quercetin-3-O-[B-xyl osyl-( I �2)-a-rhamnoside] 4'-O-a­
rhamnoside (Nawwar et al., 1 984b; Shahat et al., 200 I). 

The bark contained 9.25 %· tannins. The tannins of both Z. jujuba and Z. spina-christi 
belong to the condensed class. The bark was reported to contain leucocyanidin (Rizk, 1 986). 
The plant is used for various medicinal purposes. It is useq.as a demulcent, depurative, analgesic, 
emol l ient, against stomach pains and toothaches, as an astringent and a mouthwash (Duke, 
1 985). In Saudi Arabian folk  medicine, the leaves are used to heal wounds, treat some skin­
diseases, some inflammatory conditions and sores, against ringwonn, fever, gonorrhoea, sex 
diseases and ulcers. The decoction of the bark and fresh fruits were used to promote the 
healing of fresh wounds and also as a body wash, while the fruits were used to control dysentery. 
The fruits were also used for bronchitis, cough and tuberculosis (Shahat et al., 200 1 ). The 
butanol extract of the leaves or its main saponin glycoside (christinin-A) improved glucose 
util ization in diabetic rats (Shahat et al., 200 I). 
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XXXI. SOLANACEAE Adans. 
1. LYCIUM L. 

lyci11111 barbarum, one of the common roughage feed of livestock in India, contained 28. 14 % 
crude protein and 36. 73 % crude fiber on a dry matter basis (Harsh et al., 1981 ). The fresh 
fruit of l. barbarum contained li pid ( 1.87 g), protein (3.13 g), carbohydrates (9.13 g), fiber 
( 1.62 g), Ca (22.53 mg), P (56.04 mg), Fe ( 1.33 mg), carotene ( 19.61 mg), thiamine (0.082 
mg), riboflavin (0.14 mg), nicotinic acid (0.67 mg) and ascorbic acid ( 42.60 mg) per I 00 g. 
The water content of top-grade fruit of l. barbarum was < 13 %, and the material contained 
lipids 8.72 g %, reducing sugars 34.83 g %, total sugar 37.95 g %, vitamin A 277.06 I U/g and 
ascorbic acid 23.1 mg %. Dry fruit contained Ca, Fe and P at concentrations of I 07, I 0. 1 and 
208 mg/g respectively (Qi and Li, 1981). The fresh fruits of l. vulgare contained 7.92 % 
reducing sugars (Weitz, 1921 ). The leaves of l. barbarum contained high levels of Ca ( I 087-
4579), P ( 111-340), Fe (64.6-89.2) and nicotinic acid (I 0.58 mg/I 00 g) (Qi et al., 1986). 

Two kinds of arabinogalctan-protein (Cp-1-C and D) were obtained from the fruit of l. 
barbarum. In Cp-1-C, the carbohydrate was composed of arabinose and galactose at a ratio of 
3: I and O-glycosidically linked to both serine and threonine residues of the protein. In Cp-1-
D, the ratio of arabinose to galactose was I: I and the O-glycosidal junction between the 
carbohydrate and the protein was composed of serine residue (Qin et al., 2000). 

Anticholesteremic proteins (344 mg from 20 g dry leaves) were extracted by water from 
boxthom or matrimony vine (Lycium) (Sanwa Kagaku Kenkyusho Co., Ltd., 1980). 

Ten amino acids, including leucine, isoleucine, phenylalanine, valine, tyrosine, proline, 
alanine, glycine, lysine, and glutamine, as wel l  as lyceamin and trimethyl glycine were found 
in the fruits of l. barbarum (Qi and Li, 1981 ). The acid hydrolyste of the leaves of l. chinense 
showed the presence of 18 amino acids, being rich in basic amino acids. Free amino acids 
detected in the leaves were leucine, valine, alanine, lysine, glycine, glutamic acid and aspartic 
acid. The fruits contained leucine, valine, proline, alanine, tyrosine, glutamine, glycine, glutamic 
and aspartic acids, asparagine and histidine as free amino acids. Tryptophan was detected in 
the fruits but not in the leaves (Nishiyama, 1962). Meng et al. ( 1987) reported that the amino 
acid contents in the fresh frui t and fresh leaves of l. chinense were 3.0 I and 2.90 % respectively. 
Relatively high content of aspartic acid, glutamic acid, alanine and proline were observed. 
The leaves of L. chinense contained 0.69 µmol nicotinamine/g fresh weight which corresponds 
to 8.9 % of the total free amino acids in the tissue except for the amides (Noma and Noguchi, 
1976). 

Configurational and confonnational analyses of a unique cyclic  octapeptide, lyciumin A 
(from l. chinense), showing an inhibitory activity on angiotensin-converting enzyme, was 
made by spectroscopic and computational chemical methods (Morita et al., 1996). 

The floral nectary exudate of l. cestroides (a psychophilous and omithophilous South 
American shrub) included amino acids, proteins, reducing acids and sugars. It was hexose 
dominant with 57.38 % glucose, 34.39 % fructose and 8.21 % saccharose. Lipids, phenols, 
and alkaloids were not present, although the vegetative parts contained alkaloids (Bemardello, 
1986). 
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Oil from ripe fruit of l. t11rco111a11ic11111 showed antimutagenic activi ty. I ts main saturated 
and unsaturated acids were palmitic and l inoleic respectively. The oil of the pulp plus peel 
contained 6 1 .8 and 38.2 '¾i unsaturated and saturated acids respectively. The seed oil contained 
86.3 and 1 3. 7 % respectively with more oleic and linoleic acids than did the pulp oil (Aslanov 
and Mamedova, 1 985). The seed oil of l. barbar11111 showed appreciable contents ofpalmitic, 
oleic and l inoleic acids (Ahmad et al., 1 987b). The fatty acids of Lycium seed oil were reported 
by Chen et al. (2000) as followes: palmitic acid I 0. 34, stearic acid 4.02, oleic acid 23. 3 1  and 
linoleic acid 46.07 %. 

Several sterols have been identified in L. chi11ense e.g. J3-sitosterol and its glucoside, 
campesterol ,  sti gmasterol ,  28-isofucosterol, cholesterol (Imai et al. ,  1 963; Jeong et al. ,  1 978), 
sugiol (1 236) a diterpene and 5a-stigmastane-3,6-dione (Noguchi et al. ,  1 985) .  24-
Methylcholest-5-en-3J3 -ol (1 237), 24-ethylcholest-5,22-dien-3J3-ol (1 238), 24-ethylcholest-
5-en-3J3 -ol (1 239), 24-ethylidenecholest-7-en-3J3 -ol (1240) and cholest-5-en-3J3-ol (1241) were 
identified in dried fruits of  L. chile11se (Maldoni, 1 993). The isolation of 13-sitosterol and 
others has been reported from L. barbarum (Harsh and Nag, 1 98 1  ) , L. ciliatum (Dasso et al., 
1 980) and l. e11ropae11111 (Manzoor-i-Khuda and Sultana, 1 968). 

HO 

1236 Sugiol 1237 24-Methylcholest-5-en-3p-ol 1238 24-Ethylcholesta-5,22-dien-3p-ol 

1 239 24-Ethylcholest-5-en-3Jl-ol 1240 24-Ethylidenecholest-7-en-3Jl-ol 1241 Cholest-5-en-3p-ol 

Several triterpenes have been identified in L. chinense (e.g. J3-amyrin, cycloartenol and 
cycloeucalenol (Jeong et al. , 1 978). Lanosterol (1242) and diosgenin were detected in L. 
barbar11111 (Harsh and Nag, 1 98 1  ). Two withanolides (A ( 1243) and B) were isolated from the 
leaves of L. chi11e11se (Haensel et al. , 1 975). The roots of L. europeum yielded lanosterol, 
cycloartcnol and urosolic acid (Afza et al. ,  1 987). 

Two sesquiterpenes, solavetivone (1 244) and ( 1 ,2-dehydro-a-cyperone) were isolated from 
the steam-volatile components of the semi-dried berries of L. chinense (Sannai et al. ,  1982). 
3-Hydroxy-7,8-dehydro-J3 -ionone ( 1245) was isolated from the neutral volatiles of L. chinense 
leaves (Sannai et al. , 1 984). Kukamine A (1246), a spermine alkaloid possessing a hypotensive 
activity was isolated from L. chinense root barks (Funayama et al. , 1980). Imidazolic alkaloids 
viz. N'-cinnamoylhistaminc (Cabrera and Juliani, 1 98 1  ), its cis-isomer form (Chiale et al. ,  
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1 244 Solavetivone 1245 3-Hydroxy-7,8-dehydro-p-ionone 

1 984), isomeric quasibicycli c  fonns of N'-cinnamoylhi stamine and their methyl derivatives 
(Chiale et al. , 1 990) have been isolated from the leaves of L. cestroides. ho line and/or betaine 
were isolated from leaves and/or roots of L. barbarum (Ahmad and Sultan, 1 980), L. chinense 
(Maldoni, 1 984), L. hali111ifoli11111 (Drost-Karbowska et al. ,  1 984) and L. te1111ispi110s11111 
(Maldoni, 1 984). Leaves of L. /ialimifolium were devoid of alkaloids (Christen and Kapetanidis, 
1 987a). An unidentified alkaloid was isolated from L. salsw11 (Maguifia, 1 95 1  ). 

Five tlavonol glycosides and two genins have been i solated from the leaves of L. 

lwlimifolium: quercetin-3-O-rutinoside, kaempferol-3-O-rutmoside-7-O-glucoside, rutin 
nicotiflorin, isoquercitrin, quercetin and kaempferol (Christen and Kapetanidis, 1 987c ). 
Quercetin and kaempferol were isolated from the leaves of L. barbarum (Harsh and Nag, 
1 988). Other studies revealed the presence of scopoletin (a coumarin) and vanillic acid in 
leaves of L. chinense (Haensel and Huang, 1 977). Vanil lic and salicylic acids were identified 
from the leaves of l. barbarum (Zhao et al., 1 987). The fruits of L. barbarum contained 
I yci umide A, 3-( 4-methoxyphenyl)-N-(2-(3 ,4-dihydrophenyl)ethyl]-2-Z-propenamide) and 
scopolin (Zou et al., 1 999). 

Zeanthin (34 mg) was obtained from dried ( I 00 g) berries of L. chinense (Harashima and 
Yajima, 1 969). 

Rish and Ezdakova ( 1 960) reported that the club moss (L. ruthenicum) has the abi l i ty to 
accumulate Li (up to 0.42 % in ash) and it serves as an indicator of Li content of soil. The 
results obtained from the study of frequency distribution of Li in leaves of L. a11derso11ii 
imply that the variation in accumulation of Li depended upon the native supply of Li. The 
mean leaf concentration of Li in all l ocations (200 samples from 6 different locations) was 29 
µg/g, but the maximum was 166 µg/g. Romney et al. ( 1 977) studied the frequency distribution 
and correlation among 1 2  mineral elements in L. andersonii (from the Northern Mojave Desert). 
Li as previously reported and Na, Cu, Mn and B and Ba at some locations, were not nonnally 
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distributed. Wide variations in the concentrations of individual elements in leaves of these 
species were confirmed by Wal lace et al. ( 1 980a). 

L. hali111(/oli11111 was early reported by Rosenthlar ( 1 926) to be cyanogenic. Glucosidic 
fractions (containing no N) were separated from the alkaloidal fractions of the alcoholic extract 
of L. lwli111ijoli11111 (Pizarroso et al. ,  1 965). 

The oriental medicine "j ikoppi", obtained from the root bark of L. chi11e11se, has been 
shown to be cl inical ly effective for hypertension, exhibiting hypotensive, hypoglycemic, 
antipyretic and an ti-stress u lcer activity in experimental animals (Funayama et al., 1 980) . L. 
vulgare has a parasympatholytic action resembling that of atropine (Delphaut and Balansard, 
1 949). A water-soluble, non-dialyzable substance extracted from L. chinense induced ovulation 
in adult female rabbits (Suzuki el al., 1 972). 

L. barbarum polysaccharides (LBP) have been found to possess several activities. The 
results obtained by Wang et al. ( 1 990) provided evidence of a protective effect of LBP in 
augmenting T-cell mediated immunity and NK-cell activity in normal and cyclophosphamide 
treated mice. LBP could prevent lipid disturbances in various tissues due to physical and 
chemical factors (CCl4-induced l ipid peroxidation in the l iver, spleen and brain tissues of rats 
and mice) (Zhan el al., 1 989). Zhang et al. ( 1 989b) found that LBP could  activate peritoneal 
macrophages (M-PHI) of mice to certain extent and LBP combined with a small dose of 
Cy11obactcri11111 parvum (CP) showed a synergistic effect which was helpful to augment 
tumoristatic activity of M-PHI and to decrease the toxic action of CP, thereby suggesting a 
new immunotherapy method for cancer. Geng el al. ( 1 989) stated that LBP could increase the 
activity of interleukin-2 (IL-2) of the spleen of adul t  mice (2 months old) and aged mice (1 6 
months old) and restored the IL-2 activity of aged mice. 

LCC (1247), a cerebroside ( I-O-(j3 -D-glucopyranosyl)-(2S,3R,4£,8Z)-2-N-palmitylocta­
decasph inga-4,8-diene ), isola ted  from the fruits of L. chinense exerted sign ifican t 
hepatoprotective activity against CCl

4
-injured primary cul tures of rat hepatocytes (Kim et al., 

1997a, 1 999). The results obtained by Kim et al. (2000) suggested that LCC, ha a protective 
effect against galactosamine-induced hepatotoxicity in primary cultu red rat hepatocytes by 
protecting RNA synthesis. 
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1 . 1 .  Lyci11111 shawii Roem. et Schult., Syst. Veg. 4:693 ( 1 81 9). 
syn. Lyci11111 arabic11111 Schweinf. ex Boiss., Fl. Orient. 4:289 ( 1 879). 

Awsaj (Ar.); Musaa (Ar.) for fruit 

Spiny perennial shrubs or bushes up to 2. 5 m high usuall y  much shorter and stunted by over­
grazing. Branches stiff, pale, radiating in al l directions and ending in thorn . When growing 
under the canopy of other trees, the branches are softer, leaves larger and habit scandent. 

- - - - -- �-- - - - - -
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Leaves numerous, sessile, dark green, oblaneeolate, about 2-5 cm long on thorny branches; 
spines 1 - 1 .5 cm long. Inflorescences sol itary, axil lary; fl owers tubular, mauve-white. Fruit 
orange-red berries, about 0.5 cm across, edible with a sweet-sour tomato taste. Flowers.and 
fruits Dec.-May. 

Habitat and Distribution 
Lyc1c11111 slwwii is the most common shrub in Qatar and occurs in all habitat� and land-forms; more 
common in rodats in association with Ziz1p/111s and Acacw trees and in stony desert pavements in 
depressions, wadies, runnels and depressions. At Al Magda it forms a dense thicket. Equally, it occurs 
with well established lush green growth in the vicinity of moist habitats (agricultural fields, gardens, 
roadsides, sewage disposal areas). Plants respond phenotypically to water availabihty from dried twiggy 
bare spiny bushes to green leafy plants. 

Constituents 

The proximate analysis, amino acids, fatty acids and minerals of L. shawri, growing in Qatar, 
are listed in Tables 1 75- 1 78 (Al-Easa, 2000a-d). 

Phytochemical screening of L. shawii, growing in Qatar, revealed the presence of alkalo1ds 
and sterol (and/or terpenes) (Rizk, 1 982). 

The unsaponifiabale matter of the l ipids of L. shawii, growing in Qatar, consisted ofsterols 
(23.05 %), hydrocarbons (44. 1 8  %), aliphatic alcohols ( 1 9.67 %), 4-methylsterols (3.63 ° o) 
and triterpene alcohols (9.48 ° o). The hydrocarbons were identified as: C:

1 0, 0.49, C21 0, 4. 70, 
c24 0, 1 .01, c2s u' 1 1 .2s, c2fr0, 1 . 36, c=. 0, 23.55, c2 .) 0, 8. 1 9, c,0 1 , 2.11, c, 1 0, 32.75, c 12 0, 2.06, 
squalene ( I. 76) and others ( 4.04 %). The alcoholic fraction consisted of C20 0, 2. 78, C,, 0, 

1 2.00, c24 0' 9.43, c260' 1 6. 99, en, 9.17, c2� 11' 37.07 and others (12.57 ° o) .  The identified 
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sterols were J3-sitosterol (53.17 %}, s tigmasterol (7.44 %), campesterol (19.69 %) and 
cholesterol (19.69 %) (AI-Easa et al., 2002). 

XXXII. TAMARICACEAE Berch & J. Presl. 

1. TAMARIX L. 

Several secondary metaboli tes have been isolated from Tamarix species (Rizk, 1986; Sharma 
and Pannar, 1998). Tamarix species bear gal ls which are usual ly rich in tannins (up to 50 %) 
e.g. T. aphyl/a, T. articulata, T. dioicia and T. ga/lica. The bark of Tamarix spp. also contained 
tannins ranging from 5 to 14 %. Tamarix tannins belong to the pyrocatechol or mixed group 
and give fully tanned elastic, yellow-green leather (Rizk, 1986). Yoshida et al. ( 1991 a,b, l 993a,b) 
reported the isolation of several dimerie hydrolysable tannins: tamarixinins A (1248), B (1249), 
C (1250) and hirtel l ins A (1251), B (1252), C (1253), from T. pakistanica. These dimeric 
tannins had a dehydrogal loyl or dehydrotrigal loyl (hel l inoyl) group as a l inking unit between 
monomers. Trimeric el lagitannins (tamarixinins T l  and T2) were also isolated from the flowers 
of T pakistanica (Ahmed et al., 1994). 

HO 

HO 

HO 

HO 

HO 

HO 

HO 

HO 

HO 

HO 

HO 

HO 

OH 

CO
-OCH, --q 

coo�OOC � /J OH 
0 0 OH 

G = OC�OH OH 
OH 

OH · �  
co �

0

" 1248 Tamariximn A; R = OH 
'-0CH2 1252 Hirtellin B; R = 11·0-G 

coo�R 
OH 

� 
0-0C � /J OH 

OH 
OH 

OH 
OH 

�

OH 
OH 

OH HO 1/' OH 1/' 
I co - 0 :::,... 

'--

#

oCH,
0 

bo*o:¢' 0 o, 
COO OH OC 

0 I O 0 
I 

0
\ 

O�CH20CO 

OH CO HO 
\ 

HO

q

CO *= � 
I : : I o

------y-
co 

HO HO OH HO 

OH OH 

1 249 Tamanx,mn B 

OH 

OH 

OH 

OH 
OH 

OH 

- - - - - -
. - -



546 Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

T domingensis pol len had an energy value of 287.7 kcal/100 g (Rozycki et al., I 997). 
The temporal variation of dry weight, organic matter, chl orophyll a +  phaeopigments and 

organic carbon of the periphyton on leaves of T domingensis growing in Brazil were studied. 
A continual increase in the values of al l parameters during colonization by periphytic organism 
was shown, with the highest values occurring during the intermediate and final phases. In 
summer, a larger increase of biomass occurred over a shorter time interval, and also the 
chlorophyll a +  phaeopigment values were higher (Fernandes and Esteves, 1996). The contents 
of organic matter, organic carbon, N, P, starch, soluble carbohydrates, l ipids, soluble tannins, 
cell wall fraction, and energy were quantified in the biomass of T domingensis (Imboacica 
Lagoon, Brazil) (Furtado and Esteves, 1996). 

Flowers of T angustata contained P-sitosterol, P-sitosterol palmitatc, 5a-stigmastane-
3,6-dione, pentacosane, nonacosane-6,8-diol and nonacosane-6, I 0-diol (Liu et al., 1985). The 
rhizome of T angustata contained P -sitosterol, cholesterol and lanosterol (Rizk, 1986). 
Pentacosane, P -sitosterol palmitate, 7-methyl-4-triacontanone and 6-tritriacontanol, were 
isolated from the pollen of r angustifolia (Jia et al., 1990). 

T angustifolia and T angustata contained quercetin, isorhamnetin and isorhamentin 3 -O­
rutinoside (Yang et al., 1986b ). Five flavonoid glycosides were isolated from the pol len of T 
angustifolia: typhaneoside, kaempferol 3 -O-(2c,-a-L-rhamnosyl) rutinoside, isorhamnetin 3-
O-neohespcridosidc, kaempferol 3 -O-rhamnogucoside and qucrcetin 3-O-neohesperidoside 
(Jia et al., 1986) . 

Typhic acid (1274) was identified in the flower of r angustata (Xu et al., I 987). The 
female inflorescences of T angustata contained vanil l ic acid, trans-p-hydroxycinnamic acid, 
protocatechuic acid, trans-propenoic acid-3-(4-hydroxyphenyl)-2,3-dihydroxypropyl ester, 
succinic, p-hydroxybenzaldehde and O-mannitol (Xu et al., 1986a). 

...._, COOBu 

HO

�

COOH 

I ""' ""' 
COOH 

1274 Typh1c acid 

Phytochemical screening of r domingensis, growing in Qatar, revealed the presence of 
alkaloids, saponins, tannins and sterols (and/or terpenes) (Rizk, 1982). 

T. domingensis was reported suitable  for boards or mixed with some sulphite, for packing 
paper (Rizk, 1986a). 

XXXIV. ZYGOPHYLLACEAE R. Br. 

1. FAGONIA L. 

The proximate analysis ofsix Fagonia species, growing in Egypt, has been reported by Ahmed 
et al. (1969b) (Table I 69). 



Chemical Constituent� and Nutritive Values of Range Plants in Qatar 547 

Table 169. Proximate analysis of six Egyptian Fago11ia species 
Secci cs Moisture ''¼, Lipid "% Ash '"'% Total nitrosen .. 

I. F. arabica 1 0.20 0.45 7. 55 4.45 
2. F. burg11ieri 1 0.85 0.30 5 .65 5 .95 
3 .  F. crefica 1 0.20 0.35 1 1 . 56 4.73 
4. F. gluti11osa 1 0.45 0.57 1 0.88 6.25 
5. F. 11101/is 1 1 . 20 1 . 1 4 1 3.38 3 .00 
6. F. parv(flora 8.35 0.85 9.95 1 .68 
calculated on air dried material; • calculated on the ,mhydrous mat era I .  

The lipids of six Fago11ia species contained high percentage of saturated fatty acids ranging 
from 48 .66 in F. arabica to 61 .00 in F. 11101/is. Linoleic acid  was the most predominant 
unsaturated acid of all the l ipids; its percentage varied from 1 4.75 in F. gl11ti11osa to 24.34 in F. 
arabica. The other fatty acids were represented by variable amounts (Table 1 70) (Ahmed et 
al., 1 969c ) .  

Table 1 70. The percentage of fatty acids in six Fago11ia species 
Seecics 1 4:0 1 6:0 1 8 :0 1 8 : I 1 8 :2 1 8 :3 20.0 22:0 24:0 

I. F. arabica 6.66 32.83 7. 1 2  20.35 24.34 6.65 2.05 
2. F. burguieri 3 .34 1 3 .4 1 4.30 7.72 22.59 1 6.89 24.24 7.5 1 
3. F. cretica 1 1 .52 23 .54 1 4.4 1 1 9.98 22.08 7.4 1 1 .06 
4. F gl11ti11osa 4. 1 5  9.08 5 .88 7.2 1  1 4.75 1 7.60 1 1 .58  1 5 .40 1 4.35 
5. F 11101/is 3 .53 1 1 .08 5.54 5.65 1 4.97 1 8. 1 8  1 3 .08 20.44 7.35 
6. F parviflora 3.35 9.74 6.84 6.53 1 6. 1 1 1 7.90 1 5 .05 24.48 

13-Sitosterol, campesterol, stigmasterol and 1 -triacontanol were identified in several Fagvnia 
species (Ahmed et al., 1 969c). The free sugars of the six Egyptian Fago11ia species studied by 
Ahmed et al. ( 1 969a) were glucose and maltose. 

Seven triterpenoid saponins were isolated from the aerial parts of F arabica, they were 
characterised as 3 -O-13 -D-xylopyranosyl-( 1 ---+2)-[13 -D-glucopyranosyl-( 1 ---+3 ) ] -a -L­
arabinopyranosyl oleanolic acid 28-O-13 -D-glucopyranoside (1275), 3-O-j3-D-glucopyranosyl­
( l-+2)- [J3 -D-glucopyranosyl-( 1 ---+3)]-a -L-arabinopyranosyl olcanolic acid 28-O-13 -D­
glucopyranoside (1276), 3-O-J3-D-xylopyranosyl-( 1 -+2)-[J3-D-glucopyranosyl-( 1 ---+3)-a-L­
arabi nopyra n osyl oleanolic acid ( 1277 ) ,  3 -O-J3 -D-gluc op yranosyl-( I -+ 2) - [13 -D­
glueopyranosyl-(l-+3)]-a-L-arabinopyranosyl oleanolic acid (1278), 3-O-13-D-xylopyranosyl­
( 1 ---+2)-[13 -D-glucopyranosyl( 1 ---+3)]-a-L-arabinopyranosyl 27-hydroxyoleanolic acid 28-O-
13 -D-glucopyranoside (1279), 3-O-j3 -D-xylopyranosyl-( 1 -+2)-[J3-D-glucopyranosyl-( 1 -+3)]­
a -L-arab inopyranosyl ursolic acid 28 -O-13 -D-glucopyranos idc (1280) and 3 -O-J3 -D­
x ylopyran osyl-( 1 ---+2)-[13 -D-gl ucopyranosyl( 1 ---+3 )  ] -a-L-arab i nopyranosyl 2 7-
hydroxyoleanolic acid 28-O-13-D-glucopyranoside (1281 ) (Miyase et al., 1 996). F. 11101/is 
yielded three saponins, identified as olcanolic acid 3-O-6'-methyl-13-D-glucuronopyranoside 
( 1282 ) ,  oleanoli c acid 3 -O-a-L-rhamnopyranosyl-( l -+3) -6' -O-me th yl- 13 -D­
glucuronopyranoside (1283), and olcanolic acid 3 -O-a-L-thamnopyranosyl-( l -+3)-6' -O­
methyl-j3 -D-glucopyranosyl-28-O-j3-D-glucuronopyranoside (1284) (Melck et al., 1 998). Two 
oleanolic acid glycosides and three steroid glycosides of pregnane series were isolated from 
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F. arabica (Shocb et al., 1994). Lupcol, lupcol acetate and lupcol palmitatc were identified in 

F. 11101/is var. gra11dijlora (Attia and Youssef, 1999). 

1275 R1 = glu, R2 = xyl, R3 = H, R4 = glu 
1276 R1 = glu, R2 = glu, R3 = H, R4 = glu 
1277 R1 = glu, R2 = xyl, R3 = H, R4 = H 
1278 R1 = glu, R2 = glu, R3 = H, R4 = H 
1279 R1 = glu, R2 = xyl, R3 = OH, R4 = glu 

1 280 R1 = glu, R2 = xyl, R3 = H, R4 = glu 
1281 R1 = glu, R2 = xyl, R3 = OH, R4 = glu 

MeOOC 
HO�O 
R,O OH 

1282 R 1 = H, R2 = H 
1283 R1 = ct·L-rha, R2 = H 
1284 R1 = ct-L-rha, R2 = Jl-D-glu 

Alkaloids were detected in several Fagonia species. In the six studied species by Ahmed 
et al. ( 1969b ), their percentages was as follows: F. arabica 0.16, F. burguiere 0.07, F. cretica 
0.11, F. glutinosa 0. 17, F. 1110//is 0.09 and F. parviflora 0.03 . 

Several tlavonoids have been identified in Fagonia species (Table 171). 

Species 
I. F. arabica 

2. F. 11101/is 

3 .  F. 11101/is var. 
grandiflora 

4. F. taeckholmiana 

Table 171 .  Flavonoids of some Fagonia species 
Flavonoids 

Isorhamnetin 3 -glucoside, herbacctin 
8-rutinosidc, herbacetin 8-methylether-
3-rutinoside, herbacetin 3 ,7-diglucosidc, 
hcrbacetin 3 -rutinoside-7-glucoside and 
apigcnin glycosides 
Kaempferol and isorhamnetin 3 -rutinosides 
Kaempferol, herbacctin 8-methylether, 
isorhamnetin and qucrcetin 
Isorhamnetin 3 -glucoside, isorhamnetin 
3 -rutinoside, herbacetin 8-rutinoside, 
herbacetin 8-methyl cther-3-rutinoside, 
herbacetin 3,7-diglucosidc and herbacetin 
3-rutinoside-7-glucoside 

References 
El-Negoumy et al. 
( 1986); Shoeb et al. 
(1994) 

Al-Wakeel et al. (1987b) 

Attia and Youessef (I 999) 
EI-Ncgoumy et al. (1986) 
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Species 
5. F. tfte/}(/ica 

6. F. tristis 

Table 1 71 .  Cont. 
Fla onoids 

Quercetin 3-rutinoside, quercetin 3,7-
diglucoside, isorhanmetin 3-glucoside, 
isorhamnetin 3-mtinoside, isorhamnetin 3, 
7-diglucoside, herbacetin 8-rutinoside, 
herbacetin 3-glucoside and herbacetin 
8-methylether-3-rutinoside 
Kaempferol 3-rulinoside, isorhamnetin 
3-rutinoside and 8-O-methylherbacetin 

1 . 1 .  Fago11ia h11rg11ieri DC., Prodr. I :704 (1824). 

Shouka, shuweika (Ar.) 

.. 

i . 

References 
AI-Wakeel et al. ( 1 987a) 

AI-Wakeel et al. ( 1987b) 

Spiny low subfrutescent semi-perennial herb fonning compact semi-globular plant. Leaves 
unifoliolate-trifoliate, longer than spines. Inflorescences axillary, solitary. F lowers white-deep 
pink; calyx persistent. Frui t dry, chizocarpie, of 4-5 mericarps. 

Habitat and Distribution 
Widespread in di turbcd areas in all towns along roadsides and edges of cultivated land 

Constituents 

The proximate analysis and fatty acids of F. burguieri, growing in Egypt, are shown in Tables 
169 and 170. The plant was also reported to contain glucose and maltose (Ahmed et al. , 
1969a). 
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The plant growing in Egypt contained several saponins identified as: fagonin glycoside 
and oleanolic acid glycoside (Ahmed et al., 1 969a). F burgieri, yielded 4-erythroxan diterpenes: 
fagonone ( 1 285, 1 5, 1 6-clihdroxy-7-oxo-cis-en/-erythrox-3-ene), 1 6-O-acetylfagonone (Abdel­
Kader et al. , 1 993) and fagonene ( 1 286, 1 5, I 6-dihydroxy-cis-e11/-erythrox-3-ene) and 713 -
hydroxyfagonene (Abdel-Kader et al, 1 994). 

1 285 Fagonone 1286 Fagonene 

Abdel-Kader et al. ( 1 993) reported the identification of five substituted 8-methoxyflavones 
in F burgieri. 

1 .2. Fag,mitt g/11ti110.w1 Deli le, Descr. Egypte., H ist. Nat. 86 ( 1 8 1 4) .  

Shouka, shuweika (Ar.) 

Viscid glandular perennial  herb. Branches many, prostrate, sub-woody. Leaves compound, 
trifol iolate, l onger than the spines. Inflorescences axillary, solitary. Fl owers pink; calyx 
persistent in fruit. Fruit dry, schizocarpic, with 4-5 mericarp. 

Habitat and Distribution 

Less common than other Fago11ia species. Rare on sandy-stony ground in central and southern Qatar. 

Constituents 
The proximate analysis and fatty acids of F glutinosa, growing in Egypt, are shown in Tables 
1 69 and 1 70. The plant contained 13-sitosterol, stigmasterol, campesterol, hexacosanol, glucose, 
maltose and octacosanol (Ahmed et al. , I 969a,c; Al-Nagdy and Rizk, 1 978). 

Two cytotoxic erthroxan diterpenes: l a , ! Oa-epoxy-2-oxofagonene and l l3 , I Ol3-epoxy-2-
oxofagonene and two inactive diterpenes, 2-oxofagonene and its isomer 2-oxo-5-epi-fagonene 
were isolated from the aerial parts of F glutinosa, growing in Egypt (Abdel-Kader et al., 
1 997). 

Twelve triterpenoid saponins were identified from the plant: 3-O-[13 -D-glucopyranosyl­
( I �2)]-[13-D-glucopyranosyl-( I �3)]a-L-arabinopyranosyl-27-hydroxy oleanolic acid 28-O-
13-D-glucopyranosyl ester, 3-O-[13-D-glucopyranosyl-( I �3)]-a-L-arbinopyranosyl ursolic acid, 
3-O-a-L-arab inopyranosy I urso I ic acid 2 8-O-13 -D-gl ucopyranosy I ester, 3-O-[13 -D­
xylopyranosyl-( I �2)][13-D-glucopyranosyl-( I �3)-a-L-arbinopyranosyl ursolic acid, 3-O­
[13-D-glucopyranosyl-( I �2)[13-D-glucopyranosyl-(l �3)-a-L-arbinopyranosyl ursolic acid 28-
O-13-D-glucopyranosyl ester, 3-O-[13-D-glucopyranosyl-( I �2)][13-D-glucopyranosyl-( I �3)]­
a-L-arabinopyranosyl-27-hydroxy ursolic acid 28-O-13-D-glucopyranosyl ester (Melek et al., 
2000). Oleanolic acid was identified in the saponins hydrolysate of the plant growing in Qatar 
(Al-Nagdy and Rizk, 1 978; Melek et al., 2000). Fagonin and oleanolic saponins were also 
reported in the plant (Rizk, 1 986). 
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1 .3. Fago11itt imlica Burm. f. , Fl. Ind. I 02, t. 34, ( 1 768). 
syn. F. parv/flora Boiss., Fl. Orient. I :908.( 1 867) . 

Showeika (Ar.) . 

551 

Spiny low perennial herb with numerous basal glabrous branches fonning a subglobose woody 
plant. Leaves simple, lanceolate, shorter than spines. Inflorescences axillary, solitary. Flowers 
pale rose-deep pink; calyx persistent. Fruit dry, schizocarpic, with 4-5 mericarps. 

Habitat and Distribution 

Widespread in all disturbed areas in particular along roadsides in Doha and all major towns in Qatar. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of F indica, growing in Qatar, 
are shown in Tables 1 75- 1 78 (AI-Easa, 2002a-d) .  

Several triterpenoid saponins have been isolated from F indica viz. 23,28-di-O-P -D­
glucopyranosyl taraxer-20-en-28-oic acid, 3p , 28-di-O-P-D-glucopyanosyl-23-hydroxytaraxer-
20-en-28-oic acid (Ansari et al . ,  1987), 3-O- { [P -D-gl ucopyranosyl-(1�2) ] - [a -L­
arabinopyranosyl-( I� 3)]-a-L-arabinopyranosyl } -ursolic acid-28-O-[P -D-glucopyranosyl] 
ester (indicasaponin A, 1 287), 3-O- { [P -D-glucopyranosyl-( I �2)]-[a-L-arabinopyranosyl)­
( I �3)-a-L-arabinopyranosyl } -oleanolic acid-28-O-[P-D-glucopyranosyl] ester (indicasaponin 
B ,  1 288), 3-O-[P -D-glucopyranosyl -( l �3)-a-L-arabinosyl]-ursolic acid-28-O-[P -D­
glucopyranosyl] ester (matesaponin I, 1289) anad 3-O-[P-D-glucopyransoyl-( l �3)-a-L­
arabinopyranosyl]-oleanol ic acid-28-O-[P-D-glucopyranosyl] ester (guaiacin 8, 1290) (Shaker 
et al., 1 999). Two sulfonated triterpenoids have also been isolated from the plant: 3-O- { [P -D-
4-O-sulfonyl glucopyranosyl-( I � 3) -a -L-arabinopyranosyl } - ursol ic acid-28-O-[P -D­
glucopyranosyl] ester (indicasaponin C, 1291)  and 3-O- { [P -D-4-O-sulfonylglucopyranosyl­
( I �3) ] - [P -D-glucopyranosyl-( I �2) -a-L-arbinopyranosyl]-ursol ic ac id-28-O-[P -D­
glucopyranosyl] ester (indicasaponin D, 1 292 ) (Shaker et al. , 2000). The sapogenins oleanolic 
acid, ursolic acid, betulic acid, hederagenin, nahagenin (1293) and fagonin were detected 
after acid hydrolysis of the EtOH extract of the aerial parts of F indica (Ahmed et al. , 1969a; 
Atta-Ur-Rahman and Ansari, 1 984). 

The identification of nine flavonol glycosides from four samples of four taxa of the F 
indica complex occurring in Egypt was reported. The compounds were based primarily on the 
aglycons: kaempferol, quercetin and isorhamnetin (EI-Hadidi et al., 1988). 

The plant is claimed to be a remedy for cancer in its early stages (Chopra et al. , 1956; 
Atta-ur-Rahman, 1983). An aqueous decoction of the leaves and young twigs is a popular 
remedy for treatment of various skin lesions. An Ames mutagenicity test has also indicated 
marginal activity (Atta-ur-Rhman et al., 1 982). 
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1287 lndicasaponin A R 1 = H, R2 = 29-Me, R3 = 

1288 lndicasaponin B R1 = 30·Me, R2 = H, R3 = 

OH OH 

�
o�'\. HO OH o�o�OH 

HO�OH 
OH 

k0k>-Ho OH o�o�OH 
HO�OH 

OH 

1289 Matesaponin 1 

OH OH 
A, = 29-Me, A2 = H, A3 = HO�o�'\. 

HO OH OH 

1290 Guaiacin B R 1 = 30-Me, A2 = H, A3 = 
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OH OH 
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HO OH OH 

1 .4. Fago11ia ovalifo/ia Hadidi in Rech., Fl. 98 : 2 (1972). 
syn. F critica 

Showeika (Ar.) 

1293 Nahagenin 

0 

Spiny decumbent prostrate sub-woody herb. Branches glabrous. Leaves simple, ovate, with 
prominent veins, longer than spines. Inflorescences axillary, solitary. Flowers pink; calyx 
deciduous. Fruit dry, schizocarpic, with 4-5 mericarps. 
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Habitat and Distribution 

Widespread in Qatar particularly on sandy oils at Um Bab and road to Dukhan. El ewhere on blown 
sands covering stony ground. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of F ovalifolia, growing in 
Qatar, arc shown in Tables 1 75, 1 76 and 1 78 (AI-Easa, 2002a,b,d). 

Phytochcmical screening of the plant, growing in Qatar, revealed the presence of alkaloids, 
favonoids, saponins, stcrols (and/or terpcnes) and tannins (Rizk, 1 982). 

1 .5. Fag,mia te1111ifolia Stued. & Hochst. ex Boiss., Fl. Orient. I : 909 ( 1 867). 
syn. F. cretica L.; F. hischaror11111 Schweinf., Bull. Herb. Boiss. 7, App. 2 :276 ( 1 899). 

Showeika (Ar.) 

Spiny, perennial low woody prostrate herb. Leaves compound, trifoliolate longer than spines, 
aromatic. Inflorescences axillary, solitary. Flowers violet. Fruit dry, schizocarpic, with 4-5 
meri carps. 

Habitat and Distribution 

On sandy depressions in central Qatar (AI-Shahaneya, AI-Karaana). 
Reported as grazed by some ammals 

Constituents 
The proximate analysis and fatty acids of F cretica, growing in Egypt, are shown in Tables 
1 69 and 1 70. Caproic, caprylic and lauric acids were detected in the plant (Rizk, 1 986). 

Trace elements (Al, Ag, Ba, Ca, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti and Zn) were determined in 
the ashes of leaves, shoots, flowers, seeds and roots of F cretica. collected from the sandy 
areas of Karachi, Pakistan. The plant was reported to have large amounts of nutrient elements 
(Fatima et al. , 1 999). The uptake and concentration of uranium in F cretica were reported 
(Qazi and Jafri, 1 996). 

The friut of F cretica contained 1 50 mg/ I 00 g free ascorbic acid (Nag et al. , 1 986). 
F cretica contained P -sitosterol, stigmasterol, campesterol, 1 -triacontanol (Ahmed et al., 

1 969c), docosyl docosanoate (Hamid et al . ,  1 989) and three tritcrpcnoids (CJ0H4p4, 

CJ0H4p5,CJ0 H4p5) which have the skeleton (1 294) (Iyer and Joshi, 1 975). 
The alkaloids harman (1 295) (Rizk, 1 986) and harmine (1296) (Iyer and Joshi, 1 975) 

were identified in F cretica. 

()-0 
��I

N 

1294 1 295 Harman 1 296 Harmine 
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Four triterpenoid saponins were isolated from the aerial parts of F crelica: 3-O-[P-D­
glucopyranosyl]-( I �2)-a-L-arabinopyranosyl]-hederagenin 28-O-P-D-glueopyranosyl ester, 
3-O- [P -D-glucopyranosyl-( I �2)-a-L-arabinopyranosyl]-oleanol ic acid 28-O-[P-D­
glucopyranosyl-( I �6)-P-D-gl ycopyranosyl]-ester, 3-O-[P-D-glycopyranosyl-( I �2)-a-L­
arabinopyranosy l ]-2 7-hydroxyol eanol ie acid 28-O-[P -D-glucopyranosyl-( I �6)-P -D­
glycopyranosyl]-ester and 3P- O-[P-D-glucopyranosyl-( I �2)-a-L-arabinopyranosyl] olean­
l 2-en-27-al-28-oic acid 28-O-[P-D-glycopyranosyl-( I �6)-P-D-glycopyranosyl] ester (Abdel­
Khalik el al., 2000). 

The sapogenins, fagonin, fagogenin, genin A and genin B (in addition to oleanolic acid) 
were identified in the acid hydrolysates of the plant (Rimpler and Rizk, 1 969; Rizk, 1 986). 

The flavonoids quercetin and kaempferol were isolated from leaves and floweres of F 
cerlica (Harsh and Nag, 1 988). 

In traditional medicine, F crelica has been used for various ailments (Hamid el al. ( 1 989). 
The saponin mixtures of F crelica and F 11101/is (at levels of 250-500- 1 000 mg/kg) showed 
significant anti-inflammatory activity and considerable analgesic and antipyretic effects (EI­
Shabrawy el al. , 1 997). Both saponins I and II, isolated from F crelica, had significant decrease 
in prolactin and in the serum TS I-I levels. The thyroxine level was also signinficantly reduced 
by saponin-1 1.  A significant increase in serum cortisol occurred with powdered plant and with 
both saponins (Saeed al al. , 1 999). 

2. SEETZENIA R. Br. 

2.1 . Seetze11ia la11ata (Willd.) Bullock, Kew Bul l .  1 9:204 ( 1 965). 
syn. Zygophy/111111 la11at11111 Wil ld., Sp. Pl., ed. 4, I :564 ( 1 799); Seetzenia oriental is Dccne., Ann. 

Sci. Nat., ser.2, 3 :28 I ( 1 835). 

Habein (Ar.) 

Glaucous green, prostrate, soft woolly  perennial herb with short leafy branches. Leaves 
compound, pinnate, sub-sessile; leaflets oblong, apiculate. Inflorescences axillary, sol itary. 
Flowers greenish, small, apetalous. Fruit globose, lobed, unanned. 

Habitat and Distribution 

Rare in Qatar on sandy soils in central and southern Qatar. Recorded at Al-Wakra, Mukeinis, Al-Karaana. 

Constituents 
The amount of free ascorbic acid increased from roots to fruit in S. orienlalis (Nag el al. , 
1 986). S. orienlalis gave pos tive test for saponins. S. lanala contained kaempferol 3-
dirhamnoglucoside, kaempfcrol 3-rutinoside and quercetin 3-dirhamnoside (Rizk, 1 986). 

3. TRIBULUS L. 

Several compounds, belonging to different classes ( e.g. steroid sapogenins and saponins, 
acetogenins, cyclitols . . .  etc.), among them the cardioactive cistocardin, saponin-3, saponin-4 

- - - - - - - - ---
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and saponin-7 have been isolated from the aerial parts (Achenbach et al. ,  1 994) and roots 
(Achebach et al., 1 996) of T. cistoides (Table 1 72 and 1 73). 

Table 1 72. Compounds isolated from the aerial parts of T. cistoides· 
Compound class 

Sapogenins 

Acetognins 

Saponins 
(i) Spirostanol-type 

(ii) Furostanol-type 

Cyclitols 

Sugars 

Inorganic 

Others 
• Achenbach et al. ( 1 994). 

R-0 

1297 Neotigogenin; A = H 

1302 A = ·11-gal·Jl·g!u-11-xyl 
P·D-xyl 

1303 A = ·P·D-qal--11-D-g,lu-Jl-D-xyl 
a-L-rhal P·D-xyl 

1305 A = ·ll·D-gal-ll·D-glu-p-D-glu 
11-D-glu 

1 307 A =  -P-D-gal-P-D-glu-p-D-gal-P-xyl 
P·D-glu 

25 

Compound 
Neotigogenin (1 297) 
Neogitogenin (1 298) 
Neohecogenin (1 299) 

N-Docosanoyl tramine (1300) 
N-Tetracosanoyl tyramine (1301) 

Saponin- 1  (1302) 
Tribulosin (1303) 
Saponin-3 (1304) 
Saponin-4 (1305) 
Cistocardin (1306) 
Saponin-6 (1307) 
Saponin-7 (1308) 
Saponin-8 (1309) 
Saponin-9 (1310) 

D-(+)-Pinitol (1311) 

Sucrose 

Ca(N03)2 

5-(Hydroxysulphonyloxy) jasmonic acid (1312) 

1 298 Neogitogentin; A = H 

1 306 A = -Jl·D-gal·Jl·D-glu-P-D-glu 
P·D-glu 

1309 A = -P·D-gal-Jl·D·glu·P·D-glu-p-xyl 
P·D-glu 
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3. I .  Trib11/11s terrestris L., Sp. Pl., ed. I, 387 ( 1 753). 

Gutba, Dcrcisa (Ar.); Malta cross, Callrops, Puncture \ inc (En. ) 

Prostrate trailing to slightly decumbent semi-perennial herb with many basal radiating branches 
from a short woody stem ending in a stout short tap root. Whole plant hairy. Leaves compound, 
paripinnate of 4-7 pairs; leaflets ovate, about 5-8 mm long. Inflorescences axillary, leaf-opposed 
of solitary flowers; peduncles about 1-2 cm long. Fruit a schizcarp of 4-5 spiny mericarps; 
spines broad, sharp pointed, 4 per mericarp (upper pair larger than lower pair). 

Habitat and Distribution 

More common in Doha than in the wild, where 1t occurs by roadsides and vicinity of plantations. I t  may be 

an introduction from ncighbourmg countries either with plants or entangled on hairs of imported animals. 

The spines on the fruit arc a nuisance to humans and animals. There arc conflicting reports as to its 

preference by grazing animals. While some report Tribulus as a good range plant, other� �uggcst that old 

plants may be pou,onous. Perhaps it is best grazed with the onset of the rains and at the seedling or non­

fruiting stages 

Constituents 

The proximate analysis of the different parts of T. terrestris is shown in Table I 74 (Duke and 
Atchley, 1986). 

- - -�--- --- --.: - -;---- -- -
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Table 1 74. The proximate analysis of the different parts of T /el'l'estris 
Part Protein Fat Total Carbohydrates Fiber Ash 

n o  0
0 %, '¾i '% 

Seeds 46.2 
38.5 

Leaves 19.3 2. 1 52.1 22.9 26.4 
34.4 2.4 22.0 

Wet hay 1 8.9 2.7 66.6 25.7 11.8 

The chemical composi tion and nutritive value of the plant have been evaluated. The 
digestibility of the proteins ( 12.06 %) is 75.2 %. It was rich in Ca and the Ca: P ratio was large 
(17:1). Of the twenty-two free amino acids identified in the root nodules, glutamic acid, 
glutamine, aspartic acid and asparagine are the major amino acids (Rizk, 1986). The largest 
concentration of free amino acids and amides were observed at frui ting stage I (3"1 node 
fruits) .  The marked declin e in th e amount  of y-methy len eg lu tam i c  acid and y­
methyleneglutamine after fruiting stage I, indicated their rapid utilization along with asparagine 
and glutamine during fruit growth. In leaves and in differen t fruit growth stages, y­
methyleneglutamic acid dominated over y-methyleneglutamine (Jain and Gupta, 198 I). The 
nitrate content of the different organs of the plant varied greatly with the time of day and with 
the nature of the soil (Rizk, 1986). The amount of the ascorbic acid content increased from 
root to frnit in T terrestris (Nag et al., 1986). The highest content of polysaccharides was in 
the plants collected in October (Shi et al. , 1997). 

Steroidal saponins have been isolated from the different parts of T terrestris. The aerial 
parts contained the following saponins: hecogenin 3-O-P -D-glucopyranosyl-(1-+4)-P -D­
galactopyranoside, 26-O-P -D-glucopyranosyl-3-O[ {P-D-xylopyranosy 1-( 1---+3) }  {P-D­
glactopyranosyl-( 1---+2) } -P -D-glucopyranosyl-( 1---+4 )-P -D-glucopyranosyl]-5-a-furost-20(22)­
en-13-one-)p ,26-diol,26-O-P -D-gl ucopyranosyl-3-O-[ {P -D-xylopyranosyl-( 1---+3) } - {P -D­
glactopyranosyl-( I �2) } -P-D-glucopyranosyl-( I �4)-P-D-glucopyranosyl]-5a-furostan-12-
one-3p ,22,26-triol (Wu et al., 1996) glucopyranosyldihydroxyfurostenone glucopyranosyl 
galactopyranoside, glucopyranosyltrihydroxyfurostanone glucopyranosyl galactopyranoside 
(Cai et al., 1999), hecogenin 3 -O-P -xylopyranosyl-( l-+3)-P-glucopyranosyl-( I �4)-P­
galactopyranoside, hecogenin 3-O-P -glucopyranosyl-(1 �2)-P-glucopyranosyl-( I �4)-P­
galactopyranoside, 3-O-[P-xylopyranosyl-( I �2)-[P -xylopyranosyl-( 1---+3)]-P-glucopyranosyl­
( I �4 )-[ a-rhamnopyranosyl-( I� 2)-P -glactopyranosyl]-26-O-P -glucopyranosyl-22-mcthoxy­
(3P ,5a ,25R)-furostan-3 ,26-diol and others (Jin et al., 2000; Xu et al. ,  2000). 

The fruits contained several steroidal saponins: terrestrosin A (1323), terrestrosin B (1324), 
terrestrosin C (1325), terrrestrosin D (1326), tcrrestrosin E (1327), desgalactotigonin (1328), 
F -gitonin ( 1329), desglucolanatigonin (1330), gi tonin (1331) ,  tigogenin 3-O-P -D­
xylopyranosy-( 1---+2)- [P -D-xylopyranosyl-( I �3 )]-p -Dglucopyranosyl-( 1---+4)-[a-L­
rhamnopyranosyl-( I �2)-P -D-galactopyranoside (1332) (Yan et al. , 1996); terrestronsin F 
(1333), terrestrosin G (1334); terrestrosin H (1335), terrestrosin I (1336), terrestrosin J (1337), 
terrestrosin K (1338) (Wang et al., 1997), 26-O-P-D-glucopyranosyl-(25S)-5P-furost-20(22)­
en-3P ,26-diol-3-O-a-L-rhamnopyranosy 1-( 1---+2)-[ a -L-rhamnopyranosyl-( I �4)] -P -D­
g lucopyranoside,26-O-P -D-glucopyranosyl-(25S)-5P -furost-20(22)-en-3 ,26-diol-30-a-L-
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rhamnopyranosyl-( I �2)-[fl-D-glucopyranosyl-( I �4)-13-D-galactopyranosidc and 25(S)-5f3 -
spirostan-3f3-ol-3-O-a-L-rhamnopyranosyl -( I �2)-[13 -D-glucopyranosyl-( I �4)-13 -D­
galactopyranoside (Bedir and Khan, 2000). 

The plant is considered as a rich source of steroid sapogcnins util izable as raw materials in 
the synthesis of hormones on an industrial scale. The fol lowing steroidal sapogenins have 
been identi fied from T. terrestris: diosgenin, tigogenin, hecogcnin ( 1 339), ncotigogenin, 
ruscogenin ( 1340), chlorogenin, 25-D-spirosta-3,5-dienc (Rizk, 1 986), hecogenone, 25R­
spirostan-4-ene-3,6, 1 2-trione and (5a,25R)-spirostan-3,6, 1 2-trione (Xu et al., 1 998). 

,0 

0 

RO 

1323 Terrestrosin A; (25 R,S); R = -Jl-O-gal-P-D-glu-p-D-gal 

1324 Terrestrosin B; (25, R,S); R = -P-D-gal-P-D-glu 
Jl-L-rha 

1328 Desgalctotigonin; {25R); R = -Jl-O-gal-Jl-D-glu-P-D-glu 
p-o-xyl 

1330 Desglucolanatigonin;, {25R); R = -P-D-gal-P-D-gl�-P-D-gal 
Jl-O-xyl 

1332 {25R); R = -P-D-gal--P-D-glu-Jl-D-xyl 
11-L-rha Jl-0-xyl 

,0 

0 

HO 

1327 Terrestrosin E; (25 R,S); R = -Jl-D-gal-Jl-D-glu-Jl-D-gal 

1329 F- Gitonin; {25R); R = -P-D-gal-P-D-glu-Jl-D-glu 
P-D-�yl 

1331 Gitonin; {25R); R = -Jl-D-gal-Jl-O-glu-JI-D-gal 
p-o-xyl 

RO 

1 335 Terrestrosin H; (25 R,S); R = gal-glu-gal 

RO 

1325 Terrestrosin C; (25 R,S); R = -Jl-D-gal-Jl-O-glu-Jl-D-gal 
1326 Terrestrosin D; (25, R); R = -P-D-�al-Jl-O-glu-Jl-D-gal 

Jl-D-xyl 

HO 

0 

1333 Terrestrosin F, (25 R); R = -gal-glu 
1334 Terrestrosin G, (25 R,S). R � gal-glu-gal 

1336 Terrestrosin I; {25R,S); R = Gal-Glc-Gal 
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RO RO 

1 337 Terrestrosin J; (25 R,S); R = gal-glu-gal 1338 Terreslrosin K; (25 ft); R = gal-glu-gal 

H 

HO 

1 339 Hecogenin 1 340 Ruscogenin 

The following compounds were identified in the mechanically damaged host T terrestris 
of the desert locust Schistocerca gregaria (Njagi and Torto, 1996) : 3-pentanone, hexanal, (£)-
2-pentenal, 1-penten-3-ol, pentyl acetate, limonene, 4-methyl-3-pentenal, hexyl acetate, (£)-
3-hexenyl acetate, (Z)-3-hexenyl acetate, (Z)-2-hexenyl acetate, hexanol, (£)-3-hcxen- l -ol, 
(Z)-3-hexen- l -ol, (£)-2-hexen- l -ol, (Z)-2-hexen- l -ol, (£)-3-hexenyl butyrate, (Z)-3-hexenyl 
butyrate (Z)-3-hexenyl isovalerate, (E,Z)-2, 6-nonadienol, hexyl hexanoate and (Z)-3hexenyl 
hexanoate. 

T terrestris contains the simple carboline alkoloids harmane, hannol (1341 ), norhamanc 
(1342) and the seeds contain hannane and probably hannine (Rizk, 1986). The hannan alkaloids 
amounted to 0.1 % of the overground parts (Obreshkova et al. ,  1999). 

1341 Harmol 

� 
�N½ N 

1342 Norharmane 

The plant contained kacmpferol, quercetin (Zafar and Nasa, 1987) and the following 
flavonoid glycosides (Rizk, 1986): 
- Kaempferol: 3-gentiobioside, 3-rutinoside, 3-p-coumaroylglucoside, 3f3-(6"-p-coummaroyl) 

" tribuloside") and 3-gentiobioside-7-glucoside. 
- Quercc t in : 3-glucoside,  3-gen tiobioside,  3-rutin oside, 3-gentiotrioside, 3-

rhamnogentiobioside and 3-gentiobioside-7-glucoside. 
- Isorhamnetin: 3-glucoside, 3-gentiobioside, 3-rutinosides, 3-p-coumaroylglucoside, 3-

gentiotrioside, 3, 7-diglucoside, 3-gentiobioside-7-glucoside and 3-gcntiotrioside-7-
glucoside. 
The flowers also contained kaempferol and quercetin glycosides (Rizk, 1986). Caffeoyl 

derivatives were also detected in the plant. A high level of quercetin glycosides was 

. -- - -- - -------- - -- --- -- -- - - - �  �-
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characteristic of T terrestris, especially in some individuals for which rutin constituted the 
primary compound (Louveaux et al. ,  1 998). 

The trypsin inhibitor content of leaves and flowers of T terrestris amounted to 0.37 p g/ 
mg dry weight of plant (Vande1jagt et al., 2000). 

Ingestion of T terrestris by sheep, in Austral ia, resulted in outbreaks ofa locomotor disorder. 
These outbreaks were repeatedly associated with drought periods during which sheep grazed 
large areas of T terrestris for many months at a time. The course of the disease was characterised 
by being a slowly developing, irreversible, asymmetrical weakness of the hind l imbs. First 
recorded in 1 93 7, the disorder has been known as coonabarabran staggers, ca th cad staggers or 
Tribulus staggers. It is an asymmetric locomotor in sheep, which developed as a result of a 
functional abnormality in the central nervous system (Bourke, 1 987). The cl inical effects of 
B-carboline alkaloids (harmanc, norhamanc, tetrahydronorhamane, harmine, harmalinc and 
hannol), identified in Zygophyllaccous plants, have been reported (Bourke et al., 1 990). 
Hannane and norhamanc, identified in T terrestris, growing in Australia, caused similar nervous 
effects. The main effect observed was l imb paralysis. The clinical signs observed in the 
experimental sheep were consistent with those described for naturally occurring cases of T 
terrestris staggers. It was proposed that harmane and norharmane accumulate in tryptaminc­
associatcd neurones of the central nervous system, during months of Tribulus ingestion, and 
interfered with gene DNA sequence (Bourke et al. , 1 992). 

In traditional Chinese medicine, the fruits of T terrestris have long been used for the 
treatments of eye trouble, oedema and abdominal distension, emission and morbid leucorrhea 
as wel l  as vitiligo (Wang et al., 1 997). The crude saponin fraction of the whole plant has been 
used as a cordial dru g  (Yan et a l . ,  1 996) .  The sapon in ,  25(S)-5-3B -ol -3-O-a -L­
rhamnopyranosyl-( I �2)-[B-D-glucopyranosyl-( I �4)-P -D-galactopyranoside, showed 
cytotoxicity against a human malignant melanoma cel l line (SK-MEL) (Bedir and Khan, 2000). 
The polysaccharidc of T terrestris was not mutagcnic in mice, but obviously protected mouse 
chromosome and DNA from damage induced by cyclophospharnidc (Liu et al. , 1 995a). The 
effect of T terrestris on experimental urol ithiasis induced by ethylene glycol in albino rats 
was studied. The drug-treated animals showed increased urinary output, decreased the serum 
urea and crystal luria on day 1 4, and a tendency for alkalinization of urine compared with the 
ethylene glycol-treated animals, thus providing preliminary evidence for the clinical use of 
this drug (Satish et al. ,  1 996). Brown et al. (2000) provided evidence that the addition of T. 
terrestris extracts to androstenedione did not result in increased scrum testosterone 
concentrations, reduced the estrogenic effect of androstenedione, and did not augment the 
adaptations to resistance training. A phannaceutical preparation, tribcstan, developed from T 
terrestris (used in folk medicine against impotency) increased the l ibido, improved and 
prolonged the period of erection and increased the number and moti lity of spem1 in man. In 
women, Tribestan improved ovarial functions and was effective against frigidity, infertility 
and for the prevention of climacteric disturbances (Tomova, 1 987). Reviews ofGokhuro (T 
terrestris) for the treatment of impotency and urinary disorders (Wasti et al. , 1 992) and its 
phannacological aspects (Gupta et al., 1 997) were reported. Ether extract of T terrestris 
possessed a juvenile hom1one effect on Dysdercus eingulatus (Gunasckaran and Chelliah, 
1 985). A cream, containing T terrestris extract had a very strong antibacteria l ,  anti­
inflammation, antivirus, anti-herpes effect and has been found to be highly useful in treating 
vulvo-vaginitis, vulvo-hcmorrhoids, varicose veins and acne (Alexis, 200 I). 
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4. ZYGOPHYLLUM L. 

Tritcrpcnoid saponins have been isolated from the aerial parts and roots of several Zygophylh1111 
species. The saponins, so far, identified in Zygophyllwn species arc summarized below: 
1-Z. aegypti11111 : quinovic acid 3J3 -0-J3 -D-glucopyranoside, quinovic acid 3J3 -0-J3 -D­

glucopyranoside, 3-0-[a-L-arabinosyl-( I �2)-13 -D-glucopyranosyl]-quinovic acid, 313 -0-
D-quinovopyranosylquinovic acid-28-0-J3 -glucopyranosyl ester, zygophyloside F, 3J3-0-
J3-D-glucopyranosyl quinovic acid 28-0-J3 -D-glucopyranosyl ester, and zygophyloside G 
(Mohamed, 1999). 

2-Z. alb11111 (aerial pars): J3-xylofuranosyl-( I �2)-a-rhamnopyranosyl-( I �28)-quinovic acid 
ester, a -rahamno pyranosyl-( I �4)-J3 - gl ucuronyl-(  I �3) -qu inovic acid, 3-0-a­
rhamno pyranosyl -(2� I ) -a -rhamno pyranosyl - (2� I )-a-rhamno pyranos y l - 14-
decarboxyquinovic acid-(28� I )-J3 -xylofuranosyl ester (Hassanean et al. , 1992), quinovic 
acid-3J3 -0-J3 -D-quinovopyranoside (1343), quinovic acid-3J3 -0-[J3 -D-quinovpryanosyl­
(3� 7)-13 -D-xylopyranoside] (1344), 3J3-0-J3-D-quinovpyranosylquinovic acid-(28� I )-13 -
D-glucopyranosyl ester (1345), 3J3 -0-D-quinovopyranosylqu inovic acid-(28� I)­
quinovopyranosyl ester (1346) (Hassanean et al., 1993a), 14-decarboxyquinovic acid-3J3-
0-J3 -D-quinovopyranosyl-( I �4)-quinovopyranoside (1347), quinovic acid-28-0-J3 -D­
glucopyranosyl -(2� I )-13 -D-glucopyranoside ester (1348), quinovic acid-27-0-J3 -D­
gluco pyranosyl -(2� I )-13 -D-gl ucopyranosyl ( 1349),  quinovic acid 3J3 -0-J3 -D­
glucopyranosyl -(2� I )-rhamnopyranos ide (1350) (Hassanean et al. , 1993b), and 
zygophyloside F (Elgamal et al. , 1995). Nine saponins of quinovic acid, olcanolic acid, 
ursolic acid and an unidentified sapogenin with sugar moieties glucose, xylose, rhamnose 
and glucuronic acid, were identified (Ibrahim et al. , 1997). 

1343 

1 344 

1 345 

1 346 

R10 

R1 

HO
� HO 

OH 

HO
� Xyl-0 

OH 

HO�O 
HO� 

HO�O 
HO� 

H 

H 

OH 

HO -\-·� 
H;;-� 

HO
� HO 

OH 

R1 0 

1347 R1 = quinovose1 -4quinovose, R2 = Ra = H 
1348 R1 = H, R2 = COOH, Ra = glu1 -2glu 
1349 R1 = H, R2 = C02-glu1 -- 2glu, Ra = H 
1350 R, = rha1 _2glu, R2 = COOH, Ra = H 
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1361 Zygophyloside I 

1362 Zygophyloside J 

1363 Zygophyloside K 
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1 368 Zygophyloside I R = 
(Salir et al., 1998) 

1369 Zygophylos,de L R =  

OH 
coo Ho

� '---.__ 0 
� 

OH 

OH 

1370 Zygophyloside M 

R 1O 

1365 Glycoside C; R 1 = u-L-ara p, R2 = H 
1 366 Glycos1de E; R, = «-L-ara p, R2 = b-D-glu p 
1 367 Zygoe1chwalos1de I; R 1 = p-D-xyl p, R2 = Me 

OH 
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OR 1 

1372 Zygophyloside A 
OH O 

R, = tq 

OH 

1373 Zygophyloside B 

CH2OH 

,, - �  OH 
OH 

� OH 
OSOaH 

1 374 Zygophyloside D: R = H 
1375 Zygophyloside E: R = Glc 

567 

Zygophy/111111 species are reputed to possess certain remedial values and biological activities. 
The fruits, leaves and stems of Z. coccinewn constitute a drug known on the Egyptian market 
under the name "kammun kahramany" or "kammun quaramany", which is used as a folklore 
medicine in the treatment of rheumatism, gout, asthma, hypertension and as a diuretic, 
anthelmintic and antidiabetic (Saber and Shoaib, 1 966; Eskander and Won, 1 995). The aqueous 
extract of Z. decumbens showed hypotensive, antipyretic, spasmolytic, diuretic and local 
anesthetic effects in animal test (Saad et al. , 1 967). The roots of Z. fabago were reported 
useful against some diseases as syphylis and staphyloccal infections (Saber and Shoaib, 1 966). 
The aerial parts of Z. gaetulwn have many traditional uses in the Moroccan indigenous system 
of medicine, including antispasmodic, antieczema, the treatments of diabetes, stomach and 
l iver diseases (Bellakhadar et al. ,  1 99 1  ). Extracts of the aerial parts of Z. gaetul11111, some 
partially purified fractions, as wel l  as, zygophyloside M and 3-O-J3-D-glucopyranosylquinovic 
acid 28-13 -D-glucopyranosyl ester were reported to reduce both electrically-stimulated 
contractions and morphine withdrawal in isolated guinea-pig i leum (Capasso et al., 1 998). 
Quinovic acid 3-O-a-L-rhamnoside (isolated from Zygophyl/wn species) was reported to have 
cytotoxic activity. An inhibitory effect against stand RNA virus (vesicular stomatitis virus 
VSV) was evident for quinovic glycosides, with maximum activity in compounds, having 
only a C-3-glycosylation (Hassanean et al., 1 993a,b). The crude saponins, as wel l as the 
oleanolic acid, isolated from Z. album showed significant analgesic activi ty and some 
antibacterial one (Ibrahim et al. , 1 997). The root extract of Z. dumosum possessed antifungal 
activity (Oui et al., 1 994). The study of Belchi-Hernandez et al. (200 1 )  showed that Z. fabago 
pollen el icited an IgE response and, l ike other pollens, contributes towards triggering allergic 
symptoms and should be considered a relevant allergen. 

4.1. Zygophyl/11111 qatare11se Hadidi in Boul . ,  Webb. 32, 3 :394 ( 1 978). 

J·lam1 Qatari (Ar.) 

Low succulent xerophytic shrub with succulent young shoots, petioles and leaf blades and 
woody older stems. Leaves lamina globose or bifid or bi-foliolate. Inflorescences axillary, 
solitary. Flowers about I cm long, pale cream. Fruit obovate, yel low, fleshy. 
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Habitat and Distribution 

The most widespread plant in Qatar growing in all habitat but dominating stony-gravelly soils throughout 
Qatar. 

Constituents 
The proximate analysis, amino acids, fatty acids and minerals of Z. qatarense, collected from 
Qatar are shown in Tables 175-178 (AI-Easa 2002a-d). 

The plant gives positive tests for alkaloids, coumarins and sterols (and/or terpenes) (Rizk, 
1982). 

4.2. Zygophy/111111 simplex L., Mant. 68 ( 1763 ?) 
syn. ZyKophyl/11111 portulacoides Forssk., Fl. Aegypt.-Arab. 88 ( 1 775). 

Hura1m (Ar.) 

Annual prostrate fleshy herb fom1ing circular mats. Leaves simple linear, fleshy, sessile. 
Inflorescences axil lary, solitary. Flowers small ,  yellow. Fruit globose, dry, schizocarpic of 4-
5 mericarps. 

Habitat and Distribution 

Widespread on sandy saline soils throughout Qatar equally at the edges of irrigated land and in depressions 
where moisture collects. 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 569 

Constituents 
The aerial parts of Z. simplex, growing in Egypt, contained the following compounds: 
kaempferol 3-glucoside, quercetin 3, 7-diglucoside (Rizk, 1986), isorhamnetin, isorhamnetin 
3-O-glucoside, kaempferol 3-O-rutinoside, 6"-(2-£-butenoyl) isorhamnetin-3-O-glucoside, 
sitosterol glucoside and quinovic acid 3-a-L-rhamnoside (Hassanean and Desoky, 1992). 

The following compounds were identified in the mechanically damaged host Z. simplex of 
the desert locust Schistocerca gregaria: 3-pentanone, hexanal, (E)-2-pentenal, l -penten-3-ol, 
4-methyl-3-pentenal, hexyl acetate, (Z)-3-hexenyl acetate, (Z)-2-hexenyl acetate, hexanol, 
(E)-3-hexen- l -ol, (Z)-3-hexen- l -ol, (Z)-2-hexen- l -ol, 2-methylpropionic acid and (Z)-P­
famesene (Njagi and Torto, 1996). 

The seeds of Z. simplex, growing in Pakistan, were found to contain Cl, 4.14; Na, 1.16; 
M g, 0.16; K, 0.33 and Ca, 0.581 (mmol g· 1 dry weight) (Khan and Ungar, 1996). 

It was reported that the expressed l eaf juice acted as a skin cleanser. The plant, growing in 
North Africa and the Arabian region, was reported for treatment of horny patches on the skin 
(Hassanean and Desoky, 1992). 



Table 1 76. Cont. 

Species Essential Amino Acids % Other Amino Acids % Protein 
Arg His Ile Leu Lys Met Phe Thr Val Asp Ser Glu Pro Gly Ala Cys Tyr % 

Stipagrostis obtusa 0.32 0. 14  0.32 0.75 0.35 0.23 0.39 0.36 0.45 l . 16  0.44 1 .37 0.52 0.40 0.55 0.09 0.27 9.3 
Stipagrostis obtusa 0.35 0. 1 3  0.28 0.55 0.37 0. 1 3  0.34 0.33 0.38 l .73 0.44 0.92 0.34 0.36 0.45 0.09 0.23 9.9 
Stipagrostis plumosa 0.2 1 0. 1 0  0.23 0.54 0.23 0. 1 8  0.27 0.26 0.32 0. 7 1  0.25 0.83 0.42 0.30 0.4 1 0.09 0. 1 9  7. 1 
Stipagrostis plumosa 0.34 0. 1 2  0. 1 0  0.37 0.30 0.09 0.26 0.25 0.3 1 0.63 0.33 0.93 1 .05 0.34 0.32 0. 1 2  0. 1 8  8. 1 
JUNCACEAE 
Juncus rigidus 0. 14  0.06 0. 1 7  0.32 0. 1 5  0. 1 0  0. 1 9  0. 1 8  0.2 1 0.41 0. 1 7  0.44 0.30 0.23 0.24 0. 1 5  0. 1 3  4.2 
MALVACEAE 
Malva parviflora 0.93 0.34 0.6 1  1 .20 0.89 0.27 0.83 0.62 0.85 3 .84 0.58 l .93 1 .22 0.8 1 0.87 0.47 0.48 22.9 
MIMOSACEAE 
Acacia tortilis 0.44 0. 1 6  0.39 0.69 0.55 0. 14  0.49 0.45 0.48 1 .06 0.45 1 .00 0.53 0.48 0.48 0. 1 7  0.3 1 12 .8  
NEURADACEAEA 
Neurada procumbens 0.50 0.24 0.4 1 0.70 0.50 0. 1 9  0.50 0.34 0.48 2 . 1 6  0.43 1 .46 1 .24 0.53 0.54 0.25 0.32 14.5 >-
PLANTAGINACEAE 
Plantago amplexicaulis 0.44 0. 1 6  0.33 0.58 0.34 0. 1 7  0.36 0.35 0.44 0.80 0.38 1 .2 1  0.33 0.47 0.45 0. 1 2  0.25 8.6 p 
Plantago ciliata 0.50 0.20 0.36 0.65 0.45 0.20 0.60 0.41 0.48 1 .4 1  0.42 1 .35 0.42 0.47 0.50 0.2 1  0.30 1 0. l 
PLUMBAGINACEAE :;o 
Limonium axi/lare 0. 1 3  0. 1 0  0. 1 1  0.20 0. 1 6  0.06 0. 1 3  0. 1 3  0. 1 5  0.27 0. 1 5  0.34 0.30 0.3 1 0. 1 6  0.05 0.08 5 .4 N. 

POL YG0NACEAE >-
Rumex dentatus 1 .05 0.47 0.6 1 l . 1 9  0.92 0.30 1 .0 1  0.68 0.92 1 .58 0.76 3 .75 1 . 1 6  0.83 0.92 0.22 0.63 23.9 3:: 
Rumex vesicarius 0.38 0. 1 5  0.26 0.50 0.28 0. 1 2  0.32 0.24 0.35 0.59 0.27 0.99 0.3 1 0.39 0.37 0. 1 9  0. 1 2  9. 1 >-
RHAMNACEAE 
Ziziphus nummularia 0.40 0. 1 6  0.40 0.69 0.42 0. 1 6  0.42 0.38 0.53 1 .05 0.37 1 .27 0.4 1 0.45 0.49 0. 1 2  0.28 9.6 

:l. 
SOLANACEAE rri Lycium shawii 0.38 0. 14  0.29 0.53 0.39 0. 10  0.35 0.28 0.35 I . I O 0.33 0.71  0.2 1 0.35 0.37 0. 1 8  0.25 9.9 3::: 



Tab le 176. Cont. 

Species Essential Amino Acids % Other Amino Acids % 

Arg His Ile Leu Lys Met Phe Thr Val Asp Ser Glu Pro Gly Ala Cys Tyr 

TYPHACEAE 

Typha domingensis 0. 1 7  0.06 0. 1 6  0.33 0. I 5 0.07 0.20 0. 1 6  0.20 0.44 0. 1 7  0.59 0. 1 9  0.24 0.25 0. 1 0  0. 1 1  

ZYG0PHYLLACEAE 

Fagonia indica 0.54 0.20 0.4 1 0.77 0.52 0.20 0.50 0.38 0.50 1 . 1 1 0.40 1 .30 0.55 0.61 0.57 0.30 0.4 1 

Fagonia ova/ifolia 0.45 0. 14  0.30 0.53 0.37 0.9 1 0.35 0.30 0.35 0.77 0.33 0.90 0.44 0.47 0.40 0. 14  0.32 

Zygoe.hr_llum q_atarenese 0.30 0. 10  0. 14 0.30 0.21 0.07 0.22 0. 1 5  0.20 0.60 0. 1 6  0.82 0.26 0.27 0.26 0. 1 3  0. 15  

Protein 
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Table 177. Fatty acids (%) of some Qatari Range Plants 

Species 12:0 14:0 1 6:0 1 6: 1  1 8:0 1 8: 1  1 8:2 1 8 :3 20:0 22:0 24:0 XI X2 X3 X4 XS X6 X7 

ASCLEPIADACEAE 

Leptadenia pyrotechnica 5.65 0.77 24.35 2.50 * 39.98 8.45 0.94 6.64 6.00 * * * * 4.71 * * * 
AVICENNACEAE 

Avicennia marina 3 .21 7.46 40.89 2.83 * 7.09 9.86 4.62 3.79 8.42 * 2.08 4.71 * 5. 14  * * * 
CAPPARACEAE 

Capparis spinosa * 2.33 55.8 1 3.74 * 14. 1 2  1 .38 * 1 .99 10.66 * * * * 3.32 6.64 * * 
CHENOPODIACEAE 

Chenopodium murale 0.32 2.22 20. 13  3.49 0.35 1 1 .93 30.28 0.77 2.53 7.85 * * 1 .65 * 16.99 * * * 
Haloxy/011 salicornicum 
(Hammada e/egans) * 1 . 1 1  1 3 .29 3.56 * 12 .34 1 . 1 5  2.66 3 .68 14.33 * * 6.7 1 * 22.57 * 1 8.61 * 
Sa/so/a imbricata 3.03 5.64 38.98 2 . 1 8  * 9.78 1 .78 1 .44 4.93 15 .89 * * 2.40 * 1 0.62 * 7.53 * 
(S. barysoma) 
Seidlitzia rosmarinus 5. 1 1  1 .34 32.58 3.83 * 15 .28 0.92 2 . 15  1 3.60 9.65 * * * 2.02 83.89 * 4.63 * 
COMPOSITAE > 

Launaea capita/a 0.04 3.59 14.59 tr 4.89 3.39 3.73 5.70 26.45 7.47 * * * * 9.47 * 1 8.67 * 
Launaea mucrenata 2.82 13.32 26. 1 6  2.62 * 2 1 .56 0.97 1 .50 7.79 9.87 * * * * 12.56 0.83 * * p 
Rhanterium eppaposum * 1 . 1 8  30.43 * * 6. 10 4.42 * 1 1 .50 54.67 * * * 4.54 3.54 * * 3.6 1 :c 
Sonchus o/eraceous * 2.43 2.20 2.97 * 20.74 17.60 2.46 6.34 7.74 * * 0.4 1 17 .31 * * * * 

;;::, 
CONVOVULACEAE 

_-;,;-
Convolvulus an1e11sis * 3.47 36.62 1 .52 1 .54 17. 1 3  5.42 8.43 7.23 6.26 * 2. 17 3. 1 8  1 .45 3.90 * 1 .69 * > 
Convolvulus deserti 3 . 15 5.2 1  36.41 2.6 1 5.37 12.76 1 .20 13.38 4.70 8. 16 * * 2.97 * 10.5 1 * 6.09 2.65 � 
Convolvulus g/omeratus * 3.40 45. 1 0  tr 2.80 1 1 .0 1  tr 5.40 3.90 8. 1 3  * * 0.83 * 14.40 * 5.00 * 

> 
fABACEAE 

Lotus garcini 1 .56 2.96 34.30 * * 6.24 2.34 12.48 1 8.63 * 1 . 10 * * 9.23 1 1 . 14  * * tr 
Lotus halophilus 8. 1 5  1 .75 37.36 2.95 * 1 0.9 1 0.63 0.98 6.70 6.97 * * * * 23.60 * * * ::::. 
Medicago laciniata 2.85 5.93 25.39 3 . 1 8  * 29. 19  0.50 * 8.27 8.94 * 1 .86 0.59 * 1 1 .64 * 1 .67 * 
Me/ilotus indicus 1 .86 5.23 40.68 8 . 14 1 .36 5.93 1 .74 * 7.56 20.92 * 0.97 * * 5.62 * * * 3::: 



Table 177. Cont. 

Species 1 2 :0 14:0 1 6:0 1 6: 1  1 8:0 1 8:I 1 8:2 1 8:3 20:0 22:0 24:0 XI X2 X3 X4 X5 X6 X7 ri" 
Trigonella hamosa 2.44 4.82 1 5 .90 2.1 0  * 8.0 1  0.32 0.56 22.90 35.3 1 * 0.68 * 1 .42 2.58 * I.I I 1 .84 =-
GRAMINAEA 

Aeluropus lagopoides 1 .87 4.82 1 8.5 1 7.84 * 3 1 .83 14.61 1 1 .56 10.47 10.25 1 1 .1 1 2.30 0.36 2.00 6.06 * 2.20 4.7 1 � -
Cenchorus pennisetformis * 1 .67 36.IO 2.29 * 24.93 * * 1 0.70 1 7.38 * * * * 6.92 * * * ,... 

Chloris virgata * 5.50 25.28 1 2.09 * 29.66 4.55 7.58  2.74 6.1 1 * * 2.95 * 3.54 * * * 
Cltrysopogon plumulosus 4.1 7  5.9 1  1 8.88 7.66 * 26.48 2.87 5.36 8.48 8.90 * == 

Cynodon dactylon * 2.43 1 7.34 3.53 * 2 1 .45 8.07 2.52 1 1 .35 1 2. 1 1  * * * * 2 1 .1 9  * * * g_ 
Echinocloa colona 1 .59 3.49 28.80 3.43 * 1 1 .02 I . I I  1 .04 1 1 .97 1 4.47 * 2.88 * 4.23 10.06 6.0 1 * * s 
Elusine compressa * 1 .62 9.75 7.92 * 14.08 5.69 3.66 * * * * * 54.03 * �-3.25 * * -
Lasiurus sindicus * 2.94 30.49 3 .49 * 7.29 6.48 7.58 8.26 1 6.22 * * * * 5.23 * 3.05 * (1) 

(L. hirsutus) � 
Pennisetum divisum * 3.53 25.49 2.63 * 1 4.33 2. 1 5  2.07 8.29 1 3. 13 * 3.10  5.40 0.87 1 0.63 4.52 3.85 * 
Sporobolus ioclados 3.20 4.82 28.45 2.99 * 7.7 1 1 1 .25 5.55 6.24 1 4.42 1 1 .28 2.50 3.70 1 .94 4.84 * 5.55 7.10 
(S. arabicus) ?;' 
Sporobolus spicatus* tr 4.78 2.98 * 45.60 1 9.89 * 5.96 20.74 * * * * * * * * * 
(S. obtusa) '"O 

Stipagrostis obtusa * tr 1 2.14 3.28 * 9.07 4.05 12.95 1 1 . 1 7  1 5.30 * * * * * * 32.02 * 
Stipagrostis plumosa * 2.82 42.74 1 .93 * 20.83 1 .93 * 6.50 9.40 * 1 .74 * * 9.64 * 2.4 1  * ;; 

:l 
JUNCACEAE 

J1mcus rigidus * 9.72 45.33 4.88 * 14.38 * * 4.55 1 5 .47 * 1 . 1 7  * * 6.25 * 3.25 * -== 

MALVACEAE 

Malva parviflora 1 .10  1 .50 49.29 1 .54 * 1 0.98 2.0 1 1 .1 1  7.92 4.1 7  * * 6. 1 4  * 9.1 5  * 4.98 * 

MIMOSACEAE 

Acacia ehrenbergiana 2.4 1 5.87 23.78 1 .46 * 8.3 1 1 . 1 9  2.60 3.68 1 8 . 1 7  * 4.54 0.9 1 1 8. 1 7  0.52 • 4.80 3.60 
Acacia torti/is * 4.36 38.6 1  3.87 * 1 6.50 4.40 * 3.63 9.50 * 0.99 4.05 * 8.9 1  * 5 . 1 7  * 

0ROBANCHACl:AEA 

Cistanche ehelYf!_aea * 5.56 48.76 tr 2.54 13.0 1  * * * * * * 1 8.50 * * * 1 1 .62 * 



Table 177. Cont. VI 
00 
0 

Species 12 :0 14:0 16:0 1 6: 1  1 8:0 1 8 : 1  1 8 :2 1 8 :3 20:0 22:0 24:0 X I  X2 X3 X4 X5 X6 X7 
PLANTAGINACEAE 

Plan/ago amplexicaulis * 8.79 42.93 2.00 * 1 1 .26 0.87 1 . 1 0  2.20 7. 19  * * * * 20.67 3 .00 * * 
PLUMBAGINACEAE 

Limonium axil/are 1 .55 4.46 35.24 3 .09 * 20.79 2.22 * 5.54 12.37 * * * 1 .48 9.70 * 3 .56 * 
PoLYGONACEAE 

Rumex dentatus * 4.82 44.71 3.24 * 9.44 2. 1 6  2 . 16  3 .93 7.82 * 5 .48 2.89 * 13 .36 * * * 
RHAMNACEAE 

Zizip/rus nummularia * 1 .67 1 1 .72 3.91 * 1 9.53 6.65 4.56 5.86 6.69 * * * * 39.42 * * * 
SOLANACEAE 

Lycium s/rawii 2.39 7.5 1 26.56 1 .4 1  * 9.49 4.25 2.02 13 . 1 7  9.98 9.43 * * * 5.65 * 14. 1 0  6.20 
T AMARIACEAE 

Tamarix ap/rylla 1 .8 1  7. 1 3  52.3 1 1 .99 * 1 0.40 2.80 2.30 4.89 6.6 1 * * * * 9.78 * * * 
TYPHACEAE )> ' 
Typ/ra domingensis 2.47 2.79 1 0.2 1 1 .34 * 6.62 0.45 0.49 12 .2 1 26.38 19.54 0.86 * 1 .28 3.97 * 2.58 0.89 

"' 
2 YGOPHYLLACEAE F 
Fagonia indica 0.83 8.46 48.88 * * 15 .01 * 0.86 9 . 19 8. 15  * 0.64 * * 3 . 14  4.85 * * :r: 

U'.l 
Zygop/ryllum qatarenese 3 .3 1  12 .74 27.35 I . I I  * 1 1 .09 1 .29 0.52 20.41 23.24 5.78 * I . IO 6. 1 2  5.98 * 1 .43 * 
tr traces (less than 0. 1 ° o); • not available; X unknown N 

!'" 
)> 

� 
)> 

I co � �-
ri 
3:: 



Table 178. Mineral composition (ppm) of some range plants growing in Qatar n 
Species Na Zn Fe Pb Ni Cd Mn Al  Co Cu Mg Si Cr 3 

ACANTHACEAE 
i'i" 

Blepharis ciliaris 0.047 nd 0. 1 1 5 * 0.0 1 4  * 0.544 * 0.045 0.009 1 .25 7.09 0.20 n 
0 
::i 

AIZOACEAE � 
Aizoon canariense 0.597 0.0 1 20 0.382 * 0.0 1 1 0 .000002 0. 1 43 0.003 1 1 0.320 0.008 1 .02 7.28 0.2 1 
AMARANTHACEAE :r." 

Aerva javanica 0.042 nd 0. 1 28 * 0.0 1 2  * 0. 1 50 * 0.037 0.02 1 1 .25 6.52 0. 1 3  
Amaranthus viridis 0.036 nd 0. 1 26 * 0.006 * 0. 1 78 0.00638 0.02 1 0.0 1 0  0.95 7.89 0. 1 3  z 
ASCLEPIADACEAE a-
Glossonema edu/e 0.04 1 nd 0. 1 23 * 0.0 1 2  0.00025 1 0. 1 4 1  * 0.038 0.0 1 5  1 .25 7.04 0. 1 3  <" 

(1) 

Leptadenia pyrotec/111ica 0.089 0.0033 0.067 * 0.0 1 0  * 0.088 0.00 1 64 0.025 0.005 0.93 4.35 nd � 
A VICENNIACEA (1) 

Avicennia marina 0. 1 0 1  0 .0 1 59 0. 1 32 0 .000005 0 . 1 1 0 * 0. 1 24 * 0.030 0.009 1 .23 8 .03 0. 1 3  0 

CAPPARACEAE 
::i 

Capparis spinosa 0.052 0.0 1 67 0.008 0.098 0.00 1 2 1 0  * 0. 1 20 0.00 1 09 0.352 0.006 1 . 1 2  7 .34 nd 

CJ IENOPODIACEAE 

A triplex le11colada 0.054 nd 0. 1 29 0.002980 0.0 1 8  * 0. 1 5 1  * 0.078 0.0 1 8  1 .30 6 .31  0. 1 7  ::i 
cii 

Chenopodium murale 0.049 nd 0.082 0.000 1 62 0.006 * 0.007 * 0.009 0.005 1 .40 5.48 0. 1 5  s· 

Cornulaca monocantha 0.075 0. 1 20 * 0.009 * 0. 1 60 0.00700 0.038 0.035 1 .24 2.22 0. 1 3  
Haloxy/011 salicomic11m 
(Hammada e/egans) 0.055 0.0099 0.389 * 0.009 * 0. 1 04 * 0.020 0.0 1 0  1 .22 4.88 0.0 1 
Sa/so/a imbrecata 
(S. barysoma) 0.029 nd 0. 1 30 * 0.027 * 0.233 * 0.063 0.0 1 3  1 .3 1  2.88 0. 1 6  
Seidlitzia rosmarinus 1 .660 0.0005 0. 1 44 0.000005 0.008 * 0. 1 4 1  * 0.033 0.009 1 .53 7.85 nd 

Suaeda vermiculata 0.080 0.0 1 54 0. 1 27 0.00 1 090 0.05 1 * 0.2 1 1  0.00228 0.520 0.0 1 4  1 .25 7.2 1 0. 1 4  

COMPOSITAE 
V, 

Launaea capitata 0.052 0.0034 0.060 * 0.008 * 0.055 0.004 1 2  0.078 0.006 1 .09 7.3 1 nd 00 



Table 1 78. Cont. 
Iv 

Species Na Zn Fe Pb Ni  Cd Mn Al Co Cu Mg Si Cr 
Launaea mucronata 0.058 0.0 1 59 0.088 0.000008 0.006 * 0.088 * 0.22 1 0.007 1 .55 5 .42 nd 
Rha11teri11m eppaposum 0.045 0.0 1 62 0.066 * 0.0 1 5  * 0.076 0.0008 1 0.01  I 0.008 1 .96 6.74 nd 
So11ch1 1s oleraceus 0.062 nd 0.07 1 * 0.007 * 0.005 * 0.0 1 3  0.006 I . I I  7.62 0. 1 3  

CONVOVULACEAE 
Convolvulus deserti 0. 1 99 0.0 1 34 0.963 * 0.00 1 * 0. 1 23 * 0.302 0.008 1 .72 8.37 nd 
Convolv1 1/11s glomeratus 0. 1 59 0.0 1 06 0.096 * 0.006 * 0.098 0.002 1 9  0.035 0.0 1 1 1 .2 1  9.37 nd 

CvrERACEAE 
Cyperus co11glomerat11s 0. 1 23 0 .0037 0.07 1 * 0.0 1 4  0.000003 0.058 0.00 1 02 0 .028 0.0 1 5  0.94 6.39 nd 

fABACEAE 
Alhagi graecor11m 0.022 0.0 1 48 0. 1 43 0.000033 0.034 * 0. 1 1 5 * 0.049 0.0 1 2  1 .27 7.74 0.24 
Indigo/era articulata 0.066 0.0 1 75 0.058 0 .000007 0.0 1 8  * 0. 1 1 2 * 0.053 0.0 1 3  1 .30 7.70 0. 1 9  
Lotus garcinii 0. 1 23 0.009 1 0.058 * 0.004 * 0. 1 59 0.00067 0.046 0.007 1 .65 3 .09 nd 
Lotus halophilus 0.044 0.0096 0.089 * 0.0 1 0  * 0.089 0.00 1 08 0.057 0.023 1 .43 4.05 nd � 
Medicago laciniata 0.055 0.0067 0.084 0.0003 1 0  0.0 1 1 * 0. 1 73 0.007 1 8  0.039 0.0 1 5  0.87 5 .90 0. 1 4  
Me/ilot11s i11dic11s 0.088 nd 0. 1 1 6 * 0.0 1 0  * 0.046 0.00 1 00 0.068 0.0 1 9  1 .06 8.07 0. 1 3  
Trigonella anguina 0. 1 4 1  0.0089 0.058 0.000008 0.008 * 0.054 * 0.043 0.0 1 6  0.55 7.85 nd ,.!.. 

Trigonella hamosa 0.009 nd 0. 1 27 * 0.0 1 7  * 0.239 0.00402 0.059 0.0 1 6  1 .0 1  7.57 0. 1 6  C/l 

GRAMINAEA f::j" 

Aeluropus lagopoides 0. 1 75 0.0084 0.092 * 0.0 1 5  * 0. 1 35 0.007 1 2  0. 1 65 0.0 1 I 1 .32 6.63 0. 1 4  
. 
?>-

Cenchrus penniset(tormis 0.037 0.0 1 72 0. 1 22 * 0.007 * 0.054 * 0.007 0.0 1 1 1 .07 2.88 nd � 
Chloris virgata 0.050 nd 0.097 * 0.006 * 0. 1 23 * 0.008 0.003 0.90 6.52 0.0 1 
Chrysopogon p/111111 1/osus 0. 1 76 0.022 1 0. 1 0 1  * 0.007 * 0. 1 1 6 0.00094 0.008 0.002 0.83 8.38 0. 1 7  

(C. aucheri) 
Cynodon dacty/011 0.052 nd 0.060 * 0.005 * 0. 1 50 * 0.0 1 0  0.003 0.98 7.60 * �-
Dactylocte11i1 1 111 aegypti11m 0.042 nd 0.092 * 0.006 * 0.094 0.00 1 59 0.027 0.006 1 .07 7.49 0.0 1 ri 
Echinoc/oa colona 0.036 nd 0.08 1 * 0.008 * 0. 1 80 * 0.022 0.008 0.94 6.85 0. 1 2  � 



Table 1 78. Cont. n 
(t) 

Species Na Zn Fe Pb Ni Cd M n  Al  Co Cu Mg Si Cr 3 
ri" Ochthoch/oa co111pres.1·a 0.067 0.0083 0. 1 2 1  * 0.006 * 0.050 * 0.3 1 0.0 1 4  0.96 2.70 0.06 i:.: 

(Ele11si11e compressa) n 
0 

Lasi11r11s sindicus 1 .08 1 0.0 1 69 0.094 0.002 1 1 0 0.0 1 4  * 0. 1 33 0.00295 0.23 1 0.0 1 0  1 .33 3.26 0. 1 9  == 
;_ Pa11ic11m t11rgid11111 0.630 0.0 1 6 1  0. 1 04 * 0.0 1 3  0.0000 1 7  0. 1 1 1  * 0.023 0.006 1 . 1 7  8.34 0. 1 5  2 

Pe1111iset11111 divis11111 0.036 nd 0.079 * 0.009 0.000002 0. 1 26 0.0006 1 0.0 1 0  0.005 0.95 4.32 0.09 
(t) 

;:;. 
Po(11pogo11 1110110.1pelie11sis 0.052 nd 0. 1 1 0 0.002360 0.0 1 1 * 0.282 0.00864 0.073 0.009 0.34 6.84 0. 1 7  

V. "' 
Setaria verticillata 0.044 nd 0. 1 1 4 * 0.007 * 0. 1 50 0.00404 0.027 0.0 1 4  0.93 8.35 0. 1 2  

== 

Sporoho/11s ioclada 0. 1 28 nd 0.056 * 0.023 * 0.204 0.00690 0. 1 05 0.0 1 5  1 . 1 2 6. 1 3  0.08 
Stipa capensis 0.045 0.002 1 0. 1 02 * 0.005 * 0.099 0.00008 0.042 0.0 1 4  0.90 3 .77 nd a-
Stipagrostis oht11.1·a 1 .656 0.0007 0.067 * 0.007 * 0.092 * 0.0 1 2  0.009 1 .06 3 .87 nd '<:' 

(t) 

Stipagrostis p/11111osa 0.33 I 0.0079 0.960 0.00087 0.0 IO 0.000002 0. 1 30 0.00 1 70 0.032 0.0 1 3  0.77 4.26 0. 1 9  � 
J UNC/\CE/\E (t) 

J1111c11s rigidus 0.060 0.0 1 98 0. 1 09 * 0.0 1 2  * 0. 1 46 * 0.024 0.005 0.79 8.35 nd 
C/l 

0 

MALV/\CEAE 
Malva parviflora 0.047 nd 0.097 * 0.008 * 0. 1 86 * 0.0 1 9  0.0 1 0  1 . 1 5  4.4 1 0.08 

MI M0S/\CE/\ E/\ "C 

Acacia ehre11bergia11a 0.029 nd 0. 1 1 1  * 0.0 1 I * 0. 1 59 * 0.038 0.0 1 0  1 . 1 3  6 .76 0 . 1 2  == 
Acacia tortilis 0.03 1 nd 0.073 * 0.006 * 0. 1 52 * 0.002 0.009 1 .02 0.96 0.08 

cii 
s· 

OROU/\NCI 1/\CEAE 0 "' 
Cistanche phelypaeae 0.250 0 .0079 0. 1 1 2 0.00 I 090 0.00 I * 0. 1 50 * 0.0 1 I 0.007 1 .65 7.23 nd 

PL/\NT/\GIN/\CE/\E 
Plantago amp/ixirnulis * 0.0099 0.079 * 0 .009 * 0. 1 7 1  0.00000 0.047 0.0 1 1 0.90 7 . 1 1 nd 
Plantago cilia ta 0.03 1 nd 0.054 0.002250 0.026 * 0. 1 80 * 0. 1 06 0.0 1 1  1 .44 5 .77 0. 1 7  

PLUMJl/\GIN/\CE/\E 
Limonium axil/are 0. 1 1 2 0.0 1 50 0. 1 56 0.0007 1 0.027 * 0. 1 5 1  0.00283 0.07 1 0.0 1 0  1 . 1 8  2.27 0.07 

POLYG0NACEAE 
0.00 1 85 0.036 0.0 1 6  1 .30 5.34 0. 1 5  Rumex de11tat11s 0.9 1 0  0.0037 0.095 * 0.0 1 0  0.000005 0.040 



592 AI-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Aguilera, J.M., Ramos, N. and Herrera, R.S.; Rev. Salud Anim., 7(2), 183 (1985a); C.A., 1 03, 
177502. 

Agzamova, M.A. and Isaev, M.I. ;  Chem. Nat. Compd., 33, 663 (1997); C.A., 1 29, 257673. 
Agzamova, M.A. and lsaev, M.l.; Chem. Nat. Compd., 35, 314 (1999); C.A., 132, 219565. 
Agzamova, M.A. and lsaev, M.l . ;  Khim. Pri,: Soedin., 503 (2000). 
Agzamova, M.A. and Isaev, M.l . ;  Khim. Pri,: Soedin. ,  515 (1998). 
Ahmad, A., Ahmad, V., Khalid, S.M., Ansari, F.A. and Khan, K.A.; Philipp. J. Sci., 1 26, 175 

(1997); C.A., 128, 289809. 
Ahmad, A., Khan, K.A., Ahmad, V.U. and Qazi, S.; Fitoterapia, 59, 481 (1988). 
Ahmad, A., Khursheed, A.K., Sabiha, Q. and Viqaruddin, A.; Fitoterapia, 60, 86 (1989a). 
Ahmad, A.; Pak. J. Sci., 43, 108, (1991); C.A., 1 19, 45225. 
Ahmad, I . ,  Larher, F. and Stewart, G.R.; New Phytol., 82, 671 ( 1979). 
Ahmad, I ., Sherwani, M.R .K., Hassan, S.Q., Ahmad, M.S., Jr. and Osman, S.M.; 

Phytochemishy, 22, 493 ( 1983). 
Ahmad, M.S., Ahmad, M.U. and Osman, S.M.; Phytochemistly, 19, 2137 (1980). 
Ahmad, R. , Ahmad, I ., Ahmad, F. and Osman, S.M.; Fette, Seifen, Astrichm., 88, 490 ( 1986a). 
Ahmad, S., Ansari, M.H., Ahmad, M. and Osman, S.M.; Fett Wiss. Technol., 89, 154 (1987b). 
Ahmad, V.U. and Iqbal, S. ; Fitoterapia, 63, 308 (1992). 
Ahmad, V.U. and Iqbal, S. ; Nat. Prad. Lett., 2(2), 105 (1993b) . 
Ahmad, V.U. and Iqbal, S.; Phytochemislly, 33, 735 (1993a). 
Ahmad, V.U. and Rashid, T.; J. Chem. Soc. Pak., 8, 537 (1986); C.A. 1 06, 99448. 
Ahmad, V.U.  and Sultan, M.A.;, J. Chem. Soc. Pak., 2(3), 113, (1980); C.A. 94. 44087. 
Ahmad, V.U. and Sultana, A.; Phytochemistly, 28, 278, (1989) 
Ahmad, V.U.,  and Basha, A.; Pak. J. Sci. Ind. Res., 15(3), 158 (1972); C.A. 78. 121302. 
Ahmad, V.U., Arif, S., Amber, A.-R., and Fizza, K.; Liebigs Ann. Chem., (2), 161 (1987c) . 
Ahmad, V.U., Arif� S., Amber, A.-R, Nasir, M.A. and Ghani, K.U. ;  Z. Natwforsch. B: Anorg. 

Chem., Org. Chem., 418, l 033 (1986b). 
Ahmad, V.U., Arif, S., Amber, A.-R., Usmanghani, K. and Miana, C.A. ; Heterocycles, 23, 

3015 (1985). 
Ahmad, V.U., Atta-ur-Rahman, Rasheed, T. and Habib-ur Rehman, Heterocycles, 26, 1 251 

(1987d). 
Ahmad, V.U., Atta-ur-Rahman, Rasheed, T., Habib-ur Rehman and Khan, A.Q.; Tetrahedron, 

43, 5867 (1987e). 
Ahmad, V.U., Burki, A.M., Mahmood, I.  and Smith, D.L.; J. Chem. Soc. Pak., 6, 217 (1984). 
Ahmad, V.U. ,  Ghazala, Uddin, S. and Ali, M. S.; Phytochemisfly, 33, 453 (1993). 
Ahmad, V.U., Ghazala, Uddin, S. and Bano, S.; J. Nat. Prod. , 53, I 193 (1990). 
Ahmad, V.U. ,  Mohamed, F.V. and Rashid, T.; Phytochemishy, 26, 793 (1987a). 
Ahmad, V.U., Rashid, T. and Iqbal, S. ; Phytochemist1y, 30, 1350 (1991). 
Ahmad, V.U., Sultana, A. and Qazi, S. ; J. Nat. Prod. (Lloydia), 52, 497 (1989b). 
Ahmad, V.U.; Nat. Prod. Chem. , Proc. Int. Symp. Pak.-U.S. Binational Workshop, ]'', (Atta-

ur Rahman, ed.), 1, Springer, Berlin, Germany ( 1986). 
Ahmed, A.F., Memon, M.U., Yoshida, T. and Okuda, T.; Chem. Phann. Bull., 42, 254 (1994). 
Ahmed, A.F.; Egypt. J. Phann. Sci., 33, 689 (1992). 
Ahmed, F.A.S.; Ph.D. Thesis, Ain Shams Univ. (Egypt) (2000). 
Ahmed, K.M., Kandi), F.E. and Mabry, T.J.; Asian J. Chem., 1 1 , 261 (1999) . 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 

Ahmed, M., Khaleduzzaman, M. and Rashid, M.A.; Phytochemisl!J', 27, 2359 (1988). 
Ahmed, M.U.  and Qazi, S.; J. Chem. Soc. Pak., 7, 347 (1985). 
Ahmed, N. and Razaq, S. ; Fitoterapia, 57, 457 (1986). 

593 

Ahmed, O.M.M., Adam, S.E.I .  and Edds, G.T.; Vet. Hum. Toxicol., 23, 403 (1981); CA., 96, 
50944. 

Ahmed, P.; Agroforeste,y systems, 14, 23 (1991) . 
Ahmed, S.B., Mahgoub, S.A. and Babiker, B.E . ;  Food Chem., 56, 159 (1996); CA., 1 25, 

56786. 
Ahmed, V.U ., and Mohammad, Z.G.; J. Chem. Soc. Pakistan, 1 ,  137 (1979). 
Ahmed, V.U . ,  Basha, A. and Haque, W.; Z. Natwforsch., 33, 347 (1978). 
Ahmed, W., Ahmad, Z. and Mal ik, A.; PhytochemisliJ', 31 ,  4038 (1992). 
Ahmed, Z.F. and Hammouda, F.M.; Egypt. Phann. Bull., 47( 1 1-12), I (1965). 
Ahmed, Z.F., Hammouda, F.M., Rizk, A.M. and Wassel, G.M.; Plan ta Med. , 16, 404 ( 1968). 
Ahmed, Z.F., Rizk, A.M. and Hammouda, F.M.; J. Phann. Pharmacol. , 17 suppl., 39S ( 1965a). 
Ahmed, Z.F., Rizk, A.M. and Hammouda, F.M.; J. Phann. Sci., 54, l 060 (1965b ). 
Ahmed, Z.F., Rizk, A.M., Hammouda, F.M. and Abdel-Gawad, M.M.; J. Phann. Sci. U.A.R., 

10,  103 (1969a). 
Ahmed, Z.F., Rizk, A.M., Hammouda, F.M. and Abdel-Gawad, M.M.; J. Phann. Sci. U.A.R., 10 ,  115 (1969b). 
Ahmed, Z.F., Rizk, A.M., Hammouda, F.M. and Abdel-Gawad, M.M. ; J. Chem. U.A.R., 12, 

119 ( 1969c ). 
Ahmed, Z.F., Rizk, A.M., Hammouda, F.M. and Seif El-Nasr, M.M.; Planta Med., 2 1 ,  35 

(1972a). 
Ahmed, Z.F., Rizk, A.M., Hammouda, F.M. and Seif El-Nasr, M.M. ; Planta Med., 21 ,  156 

(1972b). 
Ahmed, Z.F., Rizk, A.M., Hammouda, F.M. and Seif El-Nasr, M.M.; Phytochemisliy, 1 1 ,  

251 (1972c ). 
Ahrens, C.E . ;  Ag,: Gaz. N. S. Wales, 45, 639 (1934); CA. , 29, 2996. 
Aiazzi, M.T., Abril ,  A., Torres, P., Di Rienzo, J.A. and Arguello, J.A.; Phyton (Buenos Aires), 

65 (1/2), 173 (1999); CA., 1 34, 219759. 
Aii, T., Yonga, M. and Tanaka, H. ; J. Japan Grassl.Sci., 26 , 215 (1980). 
Aikman, K., Bergman, D., Ebinger, J. and Seigler, D.; Biochem. System. Ecol. , 24, 637 (1996). 
Aiyar, V.N., Narayanan, V., Seshadri, T.R. and Vydeeswaran, S. ; Indian J. Chem., 1 1 ( 1 ), 89 

(1973). 
Aizi kov, M.l., Syrov, V.N., Kurmukov, A.G., Khushbaktova, Z.A. ,  Rasulova, S.A. ,  

Dzhukharova, M.Kh. ,  Malikov, V.M. and Batyrov, E .Kh.; Med. Zh. Uzb., (12), 45 
(1986); CA. , 1 06, 188679. 

Ajabnoor, M.A. AI-Yahya, M.A., Tariq, M. and Jayyab, A.A.; Fitoterapia, 55, 107 (1984). 
Akgul, A. and Ozcan, M.; Grasas Aceites (Sevilla), 50(1), 49 (1999); CA., 131, 271108. 
Akita, T. and Matsuda, H.; Hyogokenritsu Chikusan Shikenjo Ken/..yu Hokoku, 14, 137 (1977); 

CA., 90, 120263. 
Akubakirov, N.K. and Khalmurzaev, U.F. ;  Khim. Pri,: Soedin., 3(2), 137 (1967): CA., 67, 

29858. 
AI-Gindy, A.R., Bishr, M.M., Abdel Rahim, A. and Abu Amera, N. ; Alexandria J. Phann. 

Sci., 12 ,  49 (1998). 

----- --- -- - -- - � - - -----� 



596 Al-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Andreu, V., Rubio, J .L. and Cerni, R., 37(1-3), 5 (1995); B.A., 101 ,  62439. 
Andrews, F. W., The Flowering Plants of the Anglo-Egyptian Sudan, Volume I, Printed by 

Sudan Government by T. Ducle & Co. LTD. , Arbroath, Scotland ( 1950). 
Andrews, F. W., The Flowering Plants of the Sudan, Volume 3, Printed by Sudan Government 

by T. Ducle & Co. LTD., Arbroath, Scotland (1956). 
Andriaens, L.; Inst. Roy. Coloniale Belg., Sect. Sci. nat. med, Mem. 8, I (1939); CA., 37, 

4926 
Andrzejewska-Golec, E. and Swiatek, L.; Herba Pol., 30( I), 9 ( 1984); CA., 103, 193161. 
Andrzejewska-Golec, E., Ofterdinger-Daegel, S. , Cal is, I .  and Swiatek, L. ,  Plant Syst. Ecol., 

185, 85 (1993). 
Anetai, M., Ogawa, H . ,  Hayashi, T., Aoyagi, M., Chida, M., Muraki, M., Yasudam, C., 

Yabunaka, T. , Akino, S. and Yano, s . ;  Hokkaidoritsu Eisei Ken/..yushoho, 46, 34 
(1996); CA. , 125, 326905. 

Angoletta, M., Bentivoglio, A.M. and Giusto, D.; lnq11ina111ento, 35(5), 74 (1993); CA., 1 19, 
133069. 

Anon; Bull. Imp. Inst., 1 9, 214 (1921); CA. , 16, 1261. 
Ansari, A.A., Kenne, L. and Atta-ur-Rahman. ;  Phytochemishy, 26, 1487 ( 1987). 
Anthonsen, T., Hagen, S. , Kazi, M.A., Shah, S.W. and Tagar, S. ; Acta Chem., Scand, Se1:B, 30, 91 (1976). 
Antoniel l i, M. and Cagiotti, M.R., Riv. ldrobiol ., 14(1-2), 3 (1975); CA., 86, 167919. 
Antony, U. ,  Sripriya, G. and Chandra, T.S. ; Food Chem., 56, 361 (1996). 
Antonyniene, A. and Trainauskaite, I .; Lief. TSR Mokslu Akad. Darb. , Se,: C., (1 ), 86 ( 1985); 

CA., 102, 201198. 
Appleman, H .  and Driven, J.G.P.; Surinaamse Landbouw, 1 0(3), 95 (1962); CA., 58, 3689b. 
Aqeel ,  A., Khursheed, A.K., Viqaruddin, A. and Sabiha, Q. ;  Arzneim. - Forsch., 39, 652 

(1989). 
Aquino, R., Peluso, G., DeTommasi, N., De Simone, F. and Pizza, C.; J. Nat. Prod., 59, 555 

(1996). 
Aquino, R., Tortora, S., Fkih-Tetouani, S. and Capasso, A.; Phytochemislly, 56, 393 (2001 ). 
Arab Organization for Agricultural Development, Wild Plants of Qatar, Kingprint Limited, 

Richmond, Surry, Great Britain ( 1983). 
Aragoncil lo, C., Sanchez-Monge, R. and Salcedo G. ; J. Exp. Bot. , 32, 1279 (1981). 
Araujo, G.G.L., Siva, J.F.C.D., Valadares-Filho, S.D., Leao, M.I., Castro, A.C.G. and Queiroz, 

A.C.D.; Rev. Soc. Bras. Zootec. ,  24(3), 371 (1995); B.A. , 101 ,  30692. 
Araujo, J.M.A. and Pratt, D.E.; Cienc. Tecnol. Aliment. , 5(1), 22 (1985); CA., 105, 23238. 
Arellano, C.E.; Soc. Rev. Peru. Bioquim., 8(2), 20 ( 1 988); CA., 109, 134877. 
Aritomi, M.; Chem. Phann. Bull., 1 5, 432 (1967) 
Arnold, G.W. and Barrett, D.W. ; Aust. J. Exp. Agric. Anim. Hush. , 18(93), 539 (1978); CA. , 

89, 145583. 
Arntzen, C.J., Tracey, M.B., Gutterman, J.U., H offmann, J.J. , Bailey, D.T. and Jayatilake, 

G.S.; PCT Int. Appl. WO 99. 59,578 (Cl. A6IK31/33), 25 Nov. (1999); CA., 132, 
437. 

Arora, S.K., Das, B. and Luthra, Y.P.; Indian J. Anim. Sci., 45, 723 ( 1975); CA., 87, 20871 . 
Arora, S.P., Waghe, M.A. and Gupta, B.S.; Indian Vet. J. , 46, 615 (1969); CA., 72, 65549. 
Arroyo-Aguil · , J.A. and Oporta-TellEz, J.A.; J. Agric, Univ. Puerto Rico, 64(3), 294 (1980). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 597 

Arroyo-Agui l  · , J.A., Rivera-Brenes, L., De Arce, M. and Acosta-Matienzo, A.; ALPA Men ., 
8, 9 1  ( 1 973). 

Arruda, M .L.R., Fernandes, M.S. and Rossiello, R.O.P.; Turrialba, 34(4), 509 ( 1 984); C.A . ,  
1 03, 1 40893. 

Artem 'eva M. V, Karryev, M.O., Meshcheryakov, A.A. and Gordienko, V.P. ;  lzv. Akad. Nauk 
Turkm. SSSR, Se,: Fiz. -Tekh. ,  Khim. Geo/ Nauk, (3), 1 23 ( 1 98 1 ); C.A., 95, 1 29307. 

Arutyunyants, S.I., Baimuradov, T.B. and Rogozhin, P.S. ; Veterinariya (Mosco11�, 49(8), 95 
( 1 972); C.A ., 77, 1 4826 1 .  

Arvy, M .  P. ; Plant Soil. , 84, 437 ( 1 985); C.A . ,  1 03, 2 1 683. 
Arya, H.C. and Ramawat, K.G.; Cell Cult. Stomatic Cell Genet. Plants, 5, 237 ( 1 988); C.A . ,  

1 09, 1 87246. 
Asaad, A.M. ;  Alexandria J. Phann. Sci. , 1 4(2), I 05 (2000). 
Ascheri, J .L .R. ,  Rmirez-Assquieri, E. and Carvalho, C.W.P.; Alimentaria (Madrid), 292, 93 

( 1 998); C.A. ,  1 29, 40363. 
Asen, S. and Plimmer, J. R.; PhytochemisliJ', 1 1 ,  260 1 ( 1 972). 
Ashraf� M. and McNei l ly, T. ; Arid Soil Res. Rehabi/., 8(2), 1 25 ( 1 994); C.A .  1 2 1 ,  1 78652. 
Ashra( S. ,  Prakash, D. and Mahmood, I.; J.Sci. Res. (Bhopal, India), 3( 1 ), 55 ( 1 98 1  ) ;  C.A . ,  

95, 1 65767. 
Asidzhe, L. ; Sb. Nauchn. T,: Mask. S-kh. Akad. im. K.A. Timi,yazeva, 235, 5 1 ( 1 977b); C.A . ,  

91,  38 1 0 1 .  
Asidzhe, L.A.; Dok/. TSKhA, 230, 5 2  ( 1 977a); C.A . ,  89, 1 96 1 39. 
Aslam, Z., Jeschke, W.D. ,  Barrett-Lennard, E.G., Setter, T.L., Watkin, E.  and Greenway, H. ;  

Plant Cell and Environ., 9, 57 1 ( 1 986). 
Aslam, Z. ,  Sal im, M., Qureshi, R.H. and Sandhu, G.R.; Biol. Plant. (Praha), 29( I), 66 ( 1 987). 
Aslam, Z.; Halphyte Uses in Different Climates, 1 1 ,77 ( 1 999). 
Aslanov, S.M .  and Mamedova, M.E. ;  Khim. Pri1: Soedin ., (6), 835 ( 1 985); C.A., 1 04, 1 45562. 
Atal, C.K. and Sood, S. P. ;  J. Pharm. Pharmacol, 1 6, 627 ( 1 964). 
Atanasova, D., Konstntinov, K. and Rusev, G. ;  Fiziol. Rast. (Sofia), 7(3), 78 ( 1 98 1 ); C.A . ,  

96, 1 77978. 
Ateya, A.M. ;  Zagazig J. Phann. Sci. , 1 ( 1 -2), 60 ( 1 992). 
Atripova, S.F. and Yunusov, S.Yu. ;  Khim. Pri,: Soedin., 6 1 8  ( 1 986a); C.A . ,  1 06, 1 35238. 
Atripova, S.F. and Yunusov, S.Yu. ;  Khim. Pri,: Soedin. ,  657 ( 1 986b); C.A . ,  1 06, 64352. 
Atripova, S.F.; Khim. Pril: Soedi11. , 275 ( 1 985); C.A . ,  1 03, 68274. 
Atripova, S.F. ;  Khim. Pri,: Soedin. , 687 ( 1 996); C.A . ,  1 27, 1 33286. 
Atta-ur-Rahman and Ansari, A.A.; J. Nat.Prod., 47, 1 86 ( 1 984). ;  
Atta-ur-Rahman, Ansari, A.A., Drexler, S.A. and Clardy, J . ;  Heterocycles. ,  1 9, 2 1 7  ( 1 982). 
Atta-ur-Rahman; J. Chem. Soc. Pak., 5, 1 27( 1 983). 
Attia, A.A. and Youssef, S.A . ;  Bull. Phann. Sci. , Assiut Univ. (Egypt), 22(1 ), 67 ( 1 999); C.A . ,  

1 32, 90699. 
Attia, A.A.; Pharmazie, 54, 93 1 ( 1 999). 
Audette, R.C.S., Bolan, J . ,  Vijayanagar, H.M.; Bilous, R. and Clark, K.; J. Chromatogr., 43, 

295 ( 1 969). 
Audette, R.C.S., Vijayanagar, H.M., Bolan, J. and Clark, K.; Can. J. Chem ., 48, 1 49 ( 1 970). 
Auvin, C., Lezcnvcn, F., Boland, A., Augeven-Bour, I., Pousest, J .-L., Bod, B. and Camara, 

J . ;  J. Nat. Prod. , 59, 676 ( 1 996). 

- --- - - - -� 



598 Al-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Avato, P. , Bianchi, G. and Mariani, G.; Phytochemisfly, 23, 2843 ( 1984). 
Awadalla, M.A.; Nut,:Rep. Int . ,  9, 69 ( 1974). 
Ayensu, E.S. ;  "Medicinal Plants of the West Indies ", Reference Publ ications, Algonac, 

Michigan (1981). 
Aylward, J.1-1., Court, R.D., Haydock, K.P., Strickland, R.W. and Hegarty, M.P.; Aust . .I. 

Agric. Res., 38, 177 ( 1987). 
Ayoub, S. M.1-1. ; Int . .I. Crude Drug Res., 23, 87 ( 1985 ). 
Babu S.P.S. , Sarkor, D., Ghosh, N.K., Saha, A., Sukul, N.C. and Bhattacharya, S. ; .Jpn . .J. 

Pharmacol. ,  75, 451 (1997); CA. , 128, 149262. 
Baburina, O.K. and Shevyakova, N.I. ; Fiziol. Rast. (Moscow), 34, 887 (1987); CA., 1 08, 

3606. 
Backhouse, C.N., Delporte, C.L., Negrete, R.E., Cassels, B.K., Schnider, C. , Breitmaier, E. 

and San Feli ciano, A.; Phytochemisliy, 40, 325 ( 1995). 
Backhouse, N., Delporte, C., Negrete, R., Sal inas, P., Pinto, A., Aravena, S. and Cassels, 

B.K.; intern. J. Pharmacog. , 34, 53 (1996); B.A., 10 1 ,  147715 . 
Badenhuizen, N.P. , Bartlett, J.E. and Gude, E.N. ;  S. Aji-ican J. Sci., 54, 37 (1958); CA., 52, 

11190b. 
Badi, S.M., Hoseney, R.C. and Cassady, A.J . ;  Cereal Chem. , 53, 478 (1976a). 
Badi, S. M., Hoseney, R.C. and Finney, P. L.; Cereal Chem., 53, 718 (1976b). 
Badi, S.M., Hoseney, R.C. and Finney, P.L.; Cereal Chem., 53, 733 (1976c). 
Badurina, O.K. and Shevyakova, N. I. ; Fiziol. Rast. (Moscow), 34, 887 (1987); CA. , 1 08, 

3606. 
Baer, H. ,  Anderson, M.C., Helm, R.M. Yunginger, H.W., Lowenstein, H. ,  Gjesing, B., White, 

W.Jr., Douglass, G., Reiman-Phillips, P., Schumacher, M., Hewitt, B. et al., J. Allergy 
Clin. lmmunol., 78, 624 ( 1986). 

Baeuerle, R., Wagner, H. and Schraudol f, H.; Experientia, 42, 86 (1986). 
Bagchi, S.K. and Singh, J. ; Indian Forester, 120, 529 (1994). 
Bahnassey, Y.A. and Breene, W.M.; Starch/St%orke, 46, 134 (1994). 
Bahrman, N., Jay, M. and Gorenflot, R.; Bull. Soc. Bot. F,: Lett. Bot., (2), 107 (1985). 
Bai, G., Ren, Y., Zhang, B. and Zhang, H.; Chem. Res. Chin. Univ., 8(2), 177 (1992); C A.,  

1 1 8, 3844. 
Bai, X., Huang, Z, Mo, Z. , Pan, H. and Ding, H . ;  Zhongguo Zhongyao Zazhi., 2 1(2), 110 

(1996); CA., 1 25, 238290. 
Baiao, Y.B., Gomes, J .C., Sant' Anna, R. and Cruz, R. ; Arq. Biol. TeC11ol., 30(2), 275 ( 1987); 

CA., 107, 196747. 
Bailey, A.V. and Sumrell, G.; Agric. Food Chem.,  28, 475 ( 1980a). 
Bailey, A.V. and Sumrell, G.; U.S. Pat. Appl. 132, 582, 15 Aug 1980, Appl . 31 March (1980b); 

CA., 93, 2195 09. 
Bailey, C.A. and Chen, B.H . ;  .I. Food Sci., 54, 584, 592 ( 1989). 
Bailey, E .M.S. and Gustafson, C.F.; Kansas State Board of Ag,: , Quart. Rep. , 24-27 June 

(1902). 
Bailey, R.W. and Ulyatt, M.J.; N. Z. J. Ag,: Res., 13, 591 (1970); CA., 74, 28831. 
Bajwa, B.S., Khanna, P.L. and Seshadri, T.R.; Cun: Sci., 41 , 814 (1972). 
Bajwa, B.S., Khanna, P.L. and Seshadri, T.R.; Indian .I. Chem. ,  12 ,  15 (1974). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 599 

Baker, D.C., James, L.F., Hartley, W.J .  and Panter, K.E. ;  Am. J. Vet. Res., 50, 1 396 ( 1 989). 
Baker, E.A. and 1-l ol loway, P.J .; PhytochemistJJ', 4, 2463 ( 1 975). 
Bakumenko, N .L. ,  Chmeleva, Z.V.and Zhuk, O.V. ;  Rastit. Re.1·11r., 24, 245 ( 1 988); CA., 1 09, 

51 772. 
Balasubramanian, S.C., Narasinga Rao, B.S., Ramanamurthy, P.S.V. and Shenolikar, l .S. ; 

Indian .I. Med. Res. , 50, 779 ( 1 962). 
Balasundaram, C.S., Chandrammi, R., Balakrishnan, T. and Krishnamoorthy, K.K.; ./. Sci. 

Food Agric. ,  28, 598 ( 1 977). 
Balbaa, S.I. ,  Abdel -Wahab, S.M .  and Selim, M.A.; Egypt. J. Phann. Sci., 1 8(3), 293 (1 977). 
Balbaa, S.I. , Karawya, M.S. and Afifi, M .S. ;  U.A.R.J. Phann. Sci., 1 2, 35 ( 1 971 ) .  
Bal l ,  D.M. and Hoveland, C.S.; Agron J., 70, 977 ( 1 978); CA., 90, 71 051 . 
Bal l ,  M .C. and Anderson, J.M . ;  Aust. J. Plant Physiol. ,  13, 689 ( 1 986). 
Bal l ,  M .C. ; Aust. J. Plant Physiol. , 1 5, 447 ( 1 988). 
Bal lard, R.A., Simpson, R.J . ;  Aust . .I. Agric. Res. , 41 , 71 9 ( 1 990); CA. , 114, 58998. 
Balogun, A.M. and Fetuga, B.L. ;  Food Chem., 1 7(3), 1 75 ( 1 985); CA., 1 03, 851 1 4. 
Balogun, A.M.  and Fetuga, B.L. ; J. Agric. Food Chem., 34, 1 89 ( 1 986). 
Balyan, V.P., Petrosyan, V.A. and Grigoryan, L.A.; lzv. S. Kh. Nauk, (8), ( 1 984); CA., 1 02, 

42982. 
Banca(, P., Carpita, N.G. and GaudillEre, J .P. ;  New Phytol. , 120, 3 1 3 ( 1 992). 
Banca(, P., Henson, C.A. ,  GaudillEre, J.P. and Carpita, N.C. ; Carbohyd,: Res., 217, 1 37 

( 1 991 ). 
Bandopadhay, M .  and AI-Khubaizi, M. ;  Annu. Res. Rep. Kuwait Inst. Sci. Res., 77 ( 1 977). 
Bandyo-Pudhyay, P.C. ; ./. Sci. Ind. Res. (India), 19B, 378 ( 1 960); CA., 55, 10003. 
Bandyukova, V.A., Khalmatov, Kh.Kh. And Yunusova, K.K. ; Khim. Pri,: Soedin. ,  (4), 562 

( 1 985); CA., 1 04, 6596 I. 
Banerj i, N.; J. Indian Chem. Soc., 57, 4 1 7  ( 1 980). 
Banuelos, G.S. ;  J. Environ. Sci. Health, Part A; Environ. Sci. Eng. Toxic Hazard. Subst. 

Control. , A31 ,  1 1 79 ( 1 996); CA., 1 25, 3274 1 .  
Bao, Y. ; Faming Zhuanli Shenqing Gongkai Shuomingshu CN 1,140,586 (Cl. A6IK 33/04) 

22, Jan ( 1 997); CA., 1 28, 208943. 
Barakat, H .H  and Nada, S.A.; Nat. Prod. Sci., 2, 96 ( 1 996); CA., 1 26, 341062. 
Barakat, H .H., EI-Mousal lamy, A.M.D., Souleman, A.M.A. andAwadalla, S. ; Phytochemishy, 

30, 3777 ( 1 99 1 ) . 
Barakat, H .H. ,  Nawwar, M.A.M. ,  Buddrus, J. and Linscheid, M.; Phytochemislly., 26, 1 837 

( 1 987). 
Barakat, H .H. ;  Nat. Prod. Sci., 4, 221 ( 1 998); CA., 1 30, 294004. 
Barba de la Rosa, A. ,  Paredes-LOpez, 0. and Gueguen, J.; J. Agric Food Chem. , 40, 937 

( 1 992). 
Barboni, L. ,  Gariboldi, P., Torregiani, E. and Verotta, L. ; Phytochemislly., 35, 1 579 (1994). 
Barcelo, F., Miralles. F. and Otera Arean, C.; ./. lnorg. Biochem., 66, 23 ( 1 997). 
Barker, R.E. and Hovin, A .W.; Crop Sci., 14 ,  50 (1974). 
Barlianto, H. and Maier, H.G.; Z. Lebensm. Unters. Forsch. ,  198, 215 ( 1 994). 
Barlianto, H. and Maier, H.G. ;  Z. Lebensm. Unters. Forsch., 200, 273 ( 1 995a). 
Barlianto, H .  and Maier, H .G. ;  Z. Lebensm. Unters. Forsch. ,  201, 375 (1995b). 



600 AI-Easa, H.S; Rizk, A.M .;  Abdel-Bari, E.M. 

Barnes, R.F., Simons, A.B. and Marten, G.C.; Agron. J., 63, 507 ( 1 97 1  ). 
Barrero, A. F., S·nchez, J .F. and Rodriguez, I. ; Phytochemist,y, 29, 1 967 ( 1 990). 
Barrero, A.F., Cabrera, E. and Garcia, I.R.; Phytochemis/JJ', 48, 1 87 ( 1 998). 
Barrero, A.F., Cabrera, E., Rodriguez, I .  and Planel les, F.; Phytochemist1J', 35, 493 ( 1 994b ). 
Barrero, A.F., Cabrera, E.,Rodriguez, I. and Fernandez-Gallego, E.M. ;  Phytochemist,y, 36, 

1 89 ( 1 994a). 
Barrero, A.F., Herrador, M.M., Arteaga, P., Rodriguez, I. and Garcia-Moreno, M. ;  J. Nat. 

Prod. , 60, 65 ( 1 997). 
Barrero, A.F., Simchez, J .F. ,  BarrOn, A., Corrales, F. and Rodriguez, I . ;  Phytochemis/JJ', 28, 

1 6 1  ( 1 989). 
Barrero, A.F. , Simchez, J.F. ,  Reyes, F. and Rodriguez, I . ;  Phytochemis/JJ', 30, 64 1 ( 1 99 1  ). 
Barroso, M., Hernandez, M., Murri l lo, J .M.  and Chaves, M.; An. Edafo/. Agrobio/. , 41 ,  1 035 

( 1 982); C.A. , 98, 1 40673. 
Barry, T.N. and Duncan, S. J . ;  B,: J. Sci. Nu/J: , 51 ,  485 ( 1 984). 
Barry, T.N. and Manley, T. R. ; J. Sci. Food Agric., 37, 248 ( 1 986). 
Barry, T.N., Allsop, T.F. and Redekopp, C. ;  B,: J. Nutr. ,  56, 607 ( 1 986a). 
Barry, T.N., Manley, T.R. and Duncan, S.J.; B,: J. Nutr., 55, 1 23 ( 1 986b). 
Barry, T.N. ;  Can. J. Anim. Sci. , 64 (suppl. )  1 8 1  ( 1 984). 
Barsegyan, A.M., Ziroyan, A.N. and Kocharyan, N.I. ;  Biol. Zh. Arm., 37(9), 757 ( 1 984); 

C.A. , 1 02, 77474. 
Barton, D.H . R. and Narayanan, C.R.; J. Chem. Soc. , 963 ( 1 958). 
Basahy, A.Y.; Arab Gu/JJ. Scient. Res., 13(1 ), 1 5 1  ( 1 995). 
Basahy, A.Y. ; Int. J. Food Sci. Nufl: ,47, I 65 ( 1 996); B.A., I O I ,  1 57468. 
Bashirova, N.S., Khushbaktova, Z.A., Paleologu, A.K. Shadieva, Z.H., Ol 'Khovaya, N.V. 

and Syrov, Y.N.; Med. Zh. Uzb., (5), 60 ( 1 987); C.A., 1 07, 1 26774. 
Bashirova, N.S., Khushbaktova, Z.A., Shadieva, Z. Kh., Usmankhodzhaeva, A.I., Ol 'Khovaya, 

N.V. and Syrov, V.N.; Med. Zh. Uzb. ,  (4), 57 ( 1 989); C.A. , I l l ,  70706. 
Baskin, J .M. and Murrel, J.T.; J. Tenn. Acad. Sci., 43 ( I), 25 ( 1 968); C.A., 69, 1 6804. 
Baskin, J.M., Ludlow, C.J., Harris, T.M. and WoH: F.T. ;  PhytochemisliJ', 6, 1 209 ( 1 967b). 
Baskin, J .M.,  Murrell , J.T. and Wol f, F.T.; Phyton (Buenos Aires), 24 (2), 65 ( 1 967a). 
Bassiri, A. and Nahapetian, A.; J. Agric. Food Chem.,  25, 1 1  I 8 ( I 977). 
Basson, P.A., Morgenthal, J.C., Bi l lbrough, R.B., Marais, F.L., Kruger, S.P. and Van der 

Merwe, J.L; Onderstepoort J. Vet. Res. , 36( 1 ), 59 ( 1 969); C.A. , 72, 76380. 
Baszynski, T.; Roczniki Nauk Rolniczych Se,: F., 74, 757 ( 1 96 1  ); C.A., 57, 1 1556 f. 
Batanouny, K. H. ;  "Ecology and Flora of Qatar", Alden Press, Oxford, U.K. ; Center for 

Scientific and Applied Research Centre, Qatar University, Qatar ( 1 98 1  ). 
Bathory, M., Toth, L., Szcndrei, K. and Reisch, J.; Phytochemist,y, 2 1 , 236 ( 1 982). 
Batra, A., Mehta, B.K. and Bokadia, M.M.; Fette, Seifen, Anstric/1111 . ,  88(5), 1 89 ( 1 986). 
Bauchrowitz, M.A., Barker, D.G., Nadaud, I., Rouge, P. and Lescure, B.; Plant Mo/. Biol. , 

19, 1 0 1 1  ( 1 992). 
Baudo, R., Galanti , G., Guilizzoni, P. and Varini, P.G.; Mem. l�t. Ital. ldrobio/. Doff. Marco 

de Marchi, 37, 1 1 1  ( 1 979); C.A., 94, 42 1 68. 
Baxter, E .D. and Wainwright, T.; J. Am. Soc. Brew. Chem.,  37, 8 ( 1 979). 
Beadle, N.C. W. ; Ecology, 33, 49 ( 1 952). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 601 

Beath, O.A, Draize, J.A. and Eppson, H.F. ; Wyo Agric. Exp. Stn. Bull., 189 (1932). 
Beath, O.A, Draize, J.A., Eppson, H.F., Gilbert, C.S. and McCreary, O.C.; J. Am. Phann. 

Assoc., 23, 94 (1934b). 
Beath, O.A. and Eppson, H.E . ;  Wyoming Agric. Expt. Stn. Bull. , 278,1 (1947); CA., 43, 

3 890e. 
Beath, O.A. and Lehnert, E .H.; Wyo111ing Agric. Exp. Stn. Bull., 122 (19 I 7). 
Beath, O.A., Draize, J.H. and Gilbert, C.S. ; Wyoming Agric. Expt. Stn. Bull. , 200, I ( 1934a). 
Beath, O.A., Eppson, H.F. and Gilbert, C.S. ; Wyo111ing Agric. Expt. Stn. Bull., 200, I (193 5). 
Beath, O.A.; Am. J. Bot., 30, 698 ( I 943 ). 
Bech, T.D., Lastovskaya, E .A., Zubritskaya, G.T., Artemenko, V.J .  and Yuz'vishin, M.M.; 

Far111. Zh. (Kiev), (4), 90 ( 1 977); CA. , 87, 197309. 
Becker, M. ,  de Rocha, G.L., Montagnini, I .  and Gandra, P.F. ; Bo/. Ind. Animal (Sao Paulo), 

20, 301 (1962); CA., 60, 12433e. 
Becker, R. and Grosjean, O.K.K.; J. Agric. Food Che111., 28, 22 (1980). 
Becker, R. and Lorenz, K. ;  J. Food Sci., 43, I 412 (1978). 
Becker, R. , Wheeler, E.L., Lorenz, K. ,  Stafford, A.E., Grosjean, O.K., Betschart, A.A. and 

Saunders, R.M.; J. Food Sci., 46, 1175 (1981 ). 
Becker, R.; Cereal Food World, 34, 950 (I 989). 
Bede, J.C. and Tobe, S.S.; Chemoecology., 10(2), 89 (2000); CA., 134, 54067 . 
Bede, J.C., Goodman, W.C. and Tobe, S.S. ; Phytochem. Anal. ,  1 1 ,  21 (2000). 
Bedir, E. and Khan, I .A.; J. Nat. Prod. , 63, 1699 (2000). 
Bedir, E., Call is, I. and Khan, I .A. ;  Chem. Phann. Bull., 48, 1081 (2000). 
Bedir, E., Cal l is, I . ,  Aquino, R., Piacente, S. and Pizza, C.; J. Nat. Prod., 62, 563 ( 1999). 
Bedir, E. ,  Cal l is, I ., Zerbe, 0. and Sticher, 0. ;  J. Nat. Prod., 61 , 503 (1998). 
Bedo, S.; Al/attenyesztes, 27(6), 553 ( 1978); CA., 90, 185174. 
Behari, M. and Gupta, R. ; Indian J. Chem., Sect. B, 1 9B, 926 (1980). 
Behari, M., Gupta, R. and Streib!, M.; Collect. C:::ech. Chem. Co111mu11. ,  44, 3391 (1979). 
Behari, M., Gupta, R., Itoh, T. and Matsumoto, T. ; Yukagaku, 29(2), 82 ( 1980); CA. , 92, 

211784. 
Behari, M., Shri, A. and Matsumoto, T. ; Fitoterapia, 57, 276 ( 1986). 
Bejosano, F.P. and Corke, H.; J. Sci. Food Agric. ,  76, I 00 ( 1998). 
Bekele, E. and Lester, R.N . ;  Ann. Bot., 48, 717 (1981). 
Belani, E. ;  Kunstojfe, 24, 309 (193 4); CA., 30, 5323 . 
Belchl-Hem·ndez, J. ,  Moreno-Grau, S., Bayo, J., Renducles, B.E., Moreno, J., Angosto, J .M. ,  

Iniesta-Perez, B. and Gonalez, A.M.;  Aerogiologia, 1 7, 24 I (200 I). 
Beleia, A., Varriano-Marston, E. and Hoseney, R.C. ; Cereal Chem., 46 I ( 1979). 
Bel l ,  J.M., McLaren, P.D. and McKay, G. ;  Can. J. Agric. Sci., 34, 252 (1954). 
Bell ,  K.H. and Duewell ,  H; J. Chem., 14, 662 (1961 ). 
Bellakhadar, J., Claisse, R., Fleurentin, J. and Younos, C., J. Ethnopharmacol., 35, 123 ( 199 I). 
Bel lo-Perez, L.A., Paredes-Lopez, 0., Roger, P. and Colonna, P.; Cereal Chem., 73, 12 (1996). 
Bel lo-Perez, L.A., Pano de Leon, Y. , Agama-Acevedo, E. and Paredes-Lopez, O.; Starch/ 

Starke, 50, 409 ( 1998). 
Belyuchenko, I.S. ; Rastitel 'nye Restm,y, 31(1), 15 (1995); B.A., 101 ,  14968. 



606 AI-Easa, H .S; Rizk, A.M. ;  Abdel-Bari, E. M. 

Broekaert, W. F., Marien, W., Terras, F.R.G., Da Bol la, M.F. C., Proost, P., Van Damme, J ., 
Dil len, L . ,  Claeys, M., Rees, S.B., Vanderleyden J .  aand Cammue, B.P.A.;  
Biochemis/lJ', 31,  4308 (1992). 

Brown, A.H. ,  Cherikoff, V. and Roberts, D.C.K.; Lipids, 22, 490 (1987). 
Brown, D.H. and Fowden, L.; Phytochemislly, 5, 881 (1966). 
Brown, G.A., Vukovich, M.D., Reifenrath, T.A., Uhl, N.L., Parsons, K.A., Sharp, R.L .  and 

King, D.S. ; int. J. Sport Nut,: Exercise Metab. , 1 0, 340 (2000); C.A. , 134, 85534. 
Brown, J .R. and Archer, S.; Oecologia, 80, 19 (1989); B.A., 88(8), 83393. 
Brown, K.; Proceedings of the Prosopis Symposium, University of Durham, U.K., 27-31 

July 1992 (Dutton, R.W., ed.), 131 (1992). 
Brown, L., Larson, S. R. and Sneden, A.T. ; J. Nat. Prod. ,  61 , 762 (1998). 
Brown, T.A. and Shrift, A. ; Biol. Rev., 57, 59 (1982). 
Brown, T.A. and Shrift, A.; Plant Physio/. (Bethasda), 67, 1051 (1981). 
Brown, W.F., Pitman, W.D. and Mislevy, P.; Null: Reports intern.,  38, 1201 (1988). 
Bruce, E.A.; Can. Dept. Agric. Bull., 88 ( 1927). 
Bruno, S. , Amico, A. and Stefanizzi, L.; Boll. Soc. Ital. Biol. Spe1:, 56, 2067 (1980); C.A., 94, 

117820. 
Bryan, W.W.; Aust. J. Experim. Agric. & Anim. Husband,y, 8, 512 (1968). 
Buchala, A.J.; Phytochemislly, 12 ,  1373 (1973). 
Buchala, A.J.; PhytochemisfJJ1, 13, 2 I 85 (1974). 
Budin, J. T. , Breene, W.M. and Putnam, D.H.; J. Am. Oil Chem. Soc. ,  73, 475 ( 1996). 
Buffo, R.A., Wel ler, C.L. and Parkhurst, A.M.; Cereal Chem. , 75, 100 (1998b). 
Buffo, R.A., Wel ler, C.L. and Parkhurst, A.M.; J. Cereal Sci. , 27, 327 ( 1998a). 
Buffo, R.A., Wel ler, C.L. and Parkhurst, A.M. ; Trans. ASA£ (Am. Soc. Agric. Engine,: ), 40, 

I 643 ( 1997). 
Bureau, L., Fournet, A. and Bruneton, J.; Plant Med. Phytothe,: , 1 9, 17 ( 1985). 
Burkart, A.; Journal of the A mold Arboretum, 57, 219, 450 ( 1976). 
Burns, J.C. and Smith, D.; Agron J., 72, 276 (1980); C.A., 93, 93806. 
Bums, J.C., Timothy, D.H., Mochrie, R.D., Chamblee, D.S. and Nelson, L.A.; Agron.J., 70, 

451 (1978). 
Burritt, E.A. , Bittner, A.S., Street, J .C. and Anderson, M.J. ;  J. Agric. Food Chem. , 33,725 

(1985). 
Burritt, E.A., B ittner, A.S., Street, J .C. and Anderson, M.J . ;  Proc.-Am. Soc. Anim. Sci. ,  West. 

Sect., 33, 264 (1982); C.A., 97, 180578. 
Burton, G.W., Wal lace, A.T. and Rachie, K.O.; Crop. Sci., 1 2, 187 (1972). 
Burton, W.H. and Milne, F.N. ; Queensland Agric. J., 87, 236 (1961). 
Bush, L.P., Bol ing, J .A., Allen, G. and B uckner, R.C.; Crop Sci., 1 2, 277 ( 1972). 
Bush, L.P., Burton, H .  and B oling, J .A.; J. Agric. Food Chem., 24, 869 (1976). 
Bustillos, A. , Ammerman, C.B ., Moore, J .E., Henry, P.R. and loggins, P.E.; Proc.-Soil Crop 

Sci. Soc. Fla. ,  40, 136 (1981); C.A., 96, 18978. 
Buttery, R.G. and Kamm, J.A.; J. Agric. Food Chem. , 28, 978 (1980). 
Buxton, D.R. and Russel l ,  J .R.; Crop. Sci., 28, 553 (1988). 
Byers, T.M.; Agronomy, Preparation, Quality and Use (Pirir, N.W., ed. ), 95, B lackwell, Oxford 

(1971). 



Chemical Constitucnts and Nutritive Values of Range Plants in Qatar 

Bylka, W. and Kowalewski, Z.; Herba Pol., 43(3 ), 208 ( l 997) ;  CA., 1 28, l 2581 3. 
Cabala-Rosand, P. and Wild, A.; Plant Soil, 65, 363 ( l 982). 
Cable, D.R.; .I. Range Manage., 24, l 7 ( l 97 l ). 

607 

Cabrera, J .L. and Juliani, l-1 .R.; A11. Asoc. Qui 111. Argellf . ,  69, 357 ( 1 981 ); CA., 96, l 7254. 
Cai, L., Jing, F., Zhang, J ., Pei, F., Xu, Y., Liu, S. and Xu, D.; Yc10xue Xuebao, 34, 759 

(l 999); CA., 132, 234282. 
Cai, Y., Sun, M., Wu, 1-1., Huang, R. and Corke, H . ;  J. Agric. Food Chem. ,  46, 2063 ( l 998). 
Calder, H .; Rhodesia Ag,: .J. , 58, 36 l ( 1 96 1  ). 
Calderon de La Barca, A.M., Zenteno, E., Ochoa, J.L. , Valencia, M. and Carbajal, R., Biol. , 

Bioche111., C/in. Biochem., 4, 53 l ( l 985); CA. , 1 04, 331 79. 
Cal is, I. , Kuruuzum, A. and Ruedi, P.; Phytocl1emist,J,, 50, 1 205 ( 1 999b ). 
Cal is, I., Kuruuzum, A., Demirezer, L., Sticher, 0., Ganci, W. and Rueedi, P.; J. Nat. Prod., 

62, I l O l ( 1 999a). 
Calzada, F., Lopez, R., Meckes, M. and Cedillo-Rivera, R.; lllt. J. Pharmcog. , 33, 35 l ( 1 995). 
Cameron-M ills, V., Brandt, A. and Ingversen, J.; in "Cereals for Food and Beverages", 

(lnglett, G.E. and Munck, L., eds.), 339, Academic Press ( 1 980). 
Canedo, L.M. ,  Miguel de! Corral, J.M.  and San Feliciano, A. ;  Phytoche111isflJ', 44, 1 559 

(l 997). 
Cannon, H.L.; U.S. Geological Survey Bulletin, 1 1 76, I ( 1 964). 
Cantos, A.O.; Monitorfcmn.y. terap. (Madrid),  64, 93 ( 1 958); CA., 52, I 0497. 
Capani, F., Consoli, A., Del Ponte, A., Lalli, G. and Sensi, S.; /RCS Med. Sci.: A!i111entaJJ' 

System; Clinical Med.; Clin. Pharmacol. Therapeut.; Endocrine Syst.; Metabolism 
and Nutrition, 8, 66 1 ( 1 980). 

Capasso, A., Safir, 0., Tetouani-Fkih, S., Sorrentino, L. and Aquino, R.; Phar111. Biol. (Lisse, 
Neth.), 36, 320 ( 1 998). 

Capek, P. and Kardosova, A.; Collect_ Czech. Chem. Commun. ,  60, 2 1 1 2 ( 1 995 ) .  
Capek, P., Kardosova, A. and Lath, D.; Chem. Pap., 53(2), 1 31 ( 1 999); CA.,  131 ,  2 1 1 566. 
Capiel, M.; J. Agric Univ. Puerto Rico, 62( I), 76 ( 1 978); CA., 88, 49632. 
Cappelletti, E.M. ,  Innocenti, G. and Caporale, G.; Plant. Med. Phytother., 18, 1 8 1 ( 1 984). 
Carling, C. and Sandberg, F.; Acta Phann. Suecica, 7, 285 ( 1 970). 
Carlisle, D.B. and Ghorbial, LI; Mammalia , 32, 570 ( 1 968). 
Carlsson, R.; Acta Agric. Scand., 30, 41 8 ( 1 980). 
Carlsson, R.; Cu/'/: Trends L(fe Sci., 1 1  (Prag. Leaf Protein Res.), 20 1  ( 1 984); CA., 102, 

60942. 
Carnovale, E. and Quaglia, G.B. ; Ann. Tee/mo/. Agric., 22, 37 1 ( 1 973). 
Carpita, N.C., Mull igan, J.A.  and Heyser, J.W.; Plant physiol. ,  79, 480 ( 1 985) .  
Carr, W.R. ; Brit. J. NutJ: , 15, 339 ( 1 96 1 ) . 
Carr. M.E., Phill ips, B.S. and Bagby, M.O. ; J. Am.Off Chem. Sec., 62, 1 367 ( 1 985 ) 
Carte, B.K., Carr, S., DeBrosse, C., Hemling, M.E., Mackenzie, L., Offen, P. and Berry, 

D.E.; Tetrahedron, 47, 1 8 1 5  ( 1 99 1 ). 
Casey, P. and Lorenz, K.; Bakers Dig., 5 1(1 ), 45 (1 977). 
Casler, M .D. ;  Crop Sci., 27, 931 ( 1 987). 
Casper, H. H., Alstad, A.D., Monson, S.B. and Johnson, L.J.; Proc. Annu. Meet. -Am. Assoc. 

Vet. Lab. Diagn., 25th
, 41 ( 1 982); CA., 1 03, 1 0459 1 .  

-- - - -- - . --- - . 



___ _  ,.__ - -

608 AI-Easa, H .S; Rizk, A.M. ; Abdel-Bari, E.M. 

Castillo, C., Valencia, I . , Reyes, G. and H ong, E.; Drug DeFelop. Res., 28(2), 1 83 ( 1 993). 
Catalano, G., Fossen, T. and Anderen, O.M.; J. Agric. Food Che111., 46, 4568 ( 1 998). 
Cave, 1-1. W., Riddell, W.H .  and Hughes, J. S.; J. Dairy Sci., 1 9, 285 ( 1 936). 
Celayeta, F.D. ; Far111acog11osia, 20, 94 ( 1 960); C.A., 55, 5647a. 
Cenci, C.A. and Sarti, D.M.; Ann. Fae. Ag,: Univ. Studi Perugia, 26, 349 ( 1 971 ) ;  C.A., 79, 

1 1 4484. 
Chagolla, A., Patty, A. ,  Sanchez, R., Valdez-Rodriguez, S., Pongor, S., and Blanco-Labra, 

A . ;  Pepi. Symp. 23"1 Meeting 1 994, 431 (Maia, 1-1 . L. S. , ed), ESCOM: Leiden, 
Netherlands ( 1 995); C.A . ,  I 25, 2959 1 7. 

Chakraborty, M.K. and Patel, K.V. ; J. Food Sci. Tec/1110/. , 29(6), 389 ( 1 992); C.A., 1 1 9, 
93994. 

Challinor, S. W., Haworth, W. N. and H irst, E.L. ; J. Chem. Soc., 1 560 ( 1 934). 
Chandra, S. and Sastry, M.S. ; Fitolerapia, 61 , 1 88 ( 1 990). 
Chang, 1-1 .-J. and Feng, M.; Shan-hsi Hsin I Ycio, 1 0(3), 54 ( 1 98 1 ); C.A., 95, 1 38451 . 
Chang, H.V., Lin, F. M. and Chang, Y.F. ; Clin. Med. J., 34, 376 ( 1 984a). 
Chang, 11-M., Yun, H.S. and Yamasaki, K.; Saengyak Hakhoe Chi (Hanguk Saengyak Hakhoe), 

1 2(1), 1 2  ( 1 98 1 ); C.A., 95, 1 1 1 739. 
Chang, 1 1-M.,  Yun, H.S. and Yang, K.H. ;  Yak/wk Hoec/1i, 28(1), 35 ( 1 984b); C.A., 1 0 1 ,  1 63663. 
Chang, S. K. ;  Uihak Kisul Nonjip., 14(1), 5 I ( 1 985); C.A., 1 06, 2 1 2751 .  
Chao, E.S.M., Kakis, G., Chen, S., Bryson, W.L. and Fulgoni, V.L . ;  Null: Res. (N. Y.), 1 3, 677 

( 1 993). 
Chaparro, C.J., Sollenberger, L .E .  and Jones, C .S.; Agron. J., 87, 981 ( 1 995). 
Chatterjee, A. Sharma, N.J. , Banerji, J. and Basa, D.C. ;  Indian J. Chem., Sect. B., 29B, 1 32 

( 1 990); C.A., 1 1 2, 1 75660. 
Chatterj i, S.N. and Dutt, S. ; Proc. Natl. Inst. India, 3, 371 ( 1 937); C.A., 32, 2685. 
Chatterton, N.J. and Harrison, P.A.; New Phytol., 136, 3 ( 1 997). 
Chatterton, N.J ., Goodin, J.R., Mckell, C .M.,  Parker, R.V. and Rible, J.M.; J. Range. Manage., 

24, 3 7 ( 1 971  ) .  
Chatterton, N.J., Harrison, P.A., Bennett, J.H .  and Asay, K.H . ;  J. Plant Physiol, 1 34, 1 69 

( 1 989). 
Chatterton, N.J., Harrison, P.A., Thomley, W.R. and Bennett, J.H . ;  New Phytol., 1 24, 389 

( 1 993a). 
Chatterton, N.J. ,  Harrison, P.A. ,  Thomley, W.R. and Bennett, J.H. ; J. Plant Physiol, 142, 552 

( 1 993b). 
Chatterton, N.J., Harrison, P.A., Thomley, W.R. and Draper, E.A. ;  New Phytol., 114, 1 67 

( 1 990). 
Chaturvedi, A. ,  Sarojini, G. and Devi, N.L.; Plant Foods Hum. Nutr., 44, 63 ( 1 993). 
Chaturvedi, A. ,  Sarojini, G., Nirrnala, G., Nirrnalamma, N. and Satyanarayana, D.; Plant 

Foods Hum. Nutr. , 50, 1 7 1  ( 1 996- 1 997). 
Chaudhary, S.A. ,  Grasses\of Saudi Arabia, Ministry of Agriculture and Water, National 

Agriculture and Water Research Center, Kingdom of Saudi Arabia ( 1 989). 
Chaudhuri, P.S., Chaudhuri, D., Nanda, D. K. Achari, B., Bhattacharya, D. and Saha, C . ;  

Indian J. Exp. Biol. , 34, 277 (I 996) C.A., 1 24, 284344. 
Chauhan, D., Singh, J. and Siddiqui, LR.; Indian J. Chem. , Sect. B: Org. Chem. Incl. Med 

Chem. , 39B, 7 19  (2000); C.A., 134, 26351 3. 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 609 

Chauhan, F.M., Duhan, A. and Bhat, C.M. ;  J. Food Sci. Tec/1110/., 23, I 06 ( 1 986); CA., I 05, 
1 32453. 

Chauhan, T. R., Sidhu, B .S. and Chopra, A.K. ;  Indian J. Anim. Sci., 50, 525 ( I 980);CA., 93, 
1 48770. 

Chaves, C.M., Moore, J .E., Moye, I-I.A. and Ocumpaugh, W. R.; J. A11im. Sci., 54, 1 96 ( 1 982). 
Chawla, 1-1 .S. and Gupta, V.P. ;  TlieOJ: Appl. Genet., 61 (2), 1 09 ( 1 982); CA., 96, 1 0 1 074. 
Cheeke, P. R. and Carlsson, R.; Nut,: Rep. /111 . , 18, 465 ( 1 978). 
Chcekc, P.R., Telek, L . ,  Carlsson, R. and Evans, J .; Proc. , A111w. Meet. -Am. Soc. A11im. Sci. , 

West Sect., 3 1 ,  1 06 ( 1 980); CA., 94, 3004. 
Cheeke, P. R., Telek, L., Carlsson, R. and Kohler, G.O.; Can. J. A11im. Sci. , 61 , 1 99 ( 1 981 ). 
Chen, C.-C., Hsin, W.-C. and Tsai, W.-J . ;  J. Nat. Prod. ,  59, 671 ( 1 996). 
Chen, D. and Xie, J . ;  Zhongcaoyao, 1 5, 534 ( 1 984); CA., 102, 1 1 9483. 
Chen, F. and Yang, X.;  Zho11gcaoyao, 26, 467 ( 1 995); CA. , 1 24, 1 8571 5 .  
Chen, l·I.S., Liang, H.Q., Liao, S.X. and Wang, Q.M.;  Chin. Chem. Lell., 5, 385 ( 1 994); CA. , 

1 2 1 ,  226368. 
Chen, M., Liu, F. and Xu, J. ; Zhongguo Zhongyao Zazhi, 18, 424 ( 1 993); CA. , 119, 1 99586 
Chen, Q., Wu, N., Gao, J. and Zhao, L. ;  Zhongguo Youzhi., 25(2), 53 (2000); CA. , 133, 

1 49629. 
Chen, S. and Guan, X.; Weiliang Y11a11s1 1  Kexue., 6(7), 59 ( 1 999); CA., 1 32, 77698. 
Cheng, D., Wang, D., Li, D. and Chu, T. ; Gaodeng Xuexiao Huaxue Xuebao, 6, 609 ( 1 985); 

CA., 1 03, 21 1 1 58. 
Cheng, G., Bai, Y., Zhao, Y. Tao, J., Liu, Y., Tu, G., Ma, L., Liao, N. and Xu, X. ;  Tetrahedron. ,  

56, 891 5 (2000). 
Cheng, J., Chen, Y. , Sheng, G. and Hou, L.; Zhongcaoyao, 23(9), 459, 473 ( 1 992); CA., 1 1 8, 

1 5 4679. 
Chernenkc, T.V., Khodzhaeva, M.A., Glushenkova, A.I .  and Turakhozhaev, M.T.; Chem. 

Nat. Compd. , 33, 624 ( 1 997); CA., 1 29, 2 1 41 1 9. 
Chew, W.Y. , Will iams, C.N. and Ramli, K.; Soil Biol. Biochem.,  10(2), 1 5 1  ( 1 978); CA., 89, 

4 1 358. 
Chi, H .J .  and Kim, H .S. ;  Saengyak Hakhoechi, 1 7(1), 73 ( 1 986); CA., 1 05, 1 39476. 
Chiale, C.A., Cabrera, J.L. and Juliani, H.R.; An. Asoc. Qui111. Argent., 72, 569 ( 1 984); CA. , 

102 ,  1 63700. 
Chialc, C.A., Cabrera, J .L.  and Juliani, H .R.; Phytoche111ist1y, 29, 688 ( 1 990). 
Chicco, R.C.F. and French, M.H. ;  Agron. Trop. (Maracay), 10( 1 ), 1 3  ( 1 960); CA., 60, 9 1 7g. 
Chifundera, K., Baluku, B. and Mashimango, B. ;  Phar111acol. Res. , 28, 333 ( 1 993); CA., 

120, 1 27745. 
Chij i ,  H . ;  Hokkaido Daigaku Nogakubu Hobun Kiyo., 9, 303 ( 1 976); CA., 86, 73054 . 
Cho, I.H . ;  Hanguk No11ghwa Hakhoe Chi, 20(2), 221 (I  977); CA., 88, 3 1 5 9. 
Cho, K.C. and White, P.I.; Cereal Chem. , 70, 539 ( 1 993). 
Cho, K.J., Yi, S.I., Kim, Y.T. and Hwang, Y.S. ; Han 'guk Nohglnva Hakhoechi, 38(6), 528 

( 1 995); CA. , 1 24, 1 98 1 55 .  
Choe, S.G., Hwang, B .Y., Kim, M.S., Oh, G.-J. Lee, K.S. and Ro, J.S.; Sae11gyak Hakhoechi, 

29(3), 209 ( 1 998); CA., 130, 63667. 
Choi, H.J., Kim, N.J., Kim, J .W. and H ong, N.D.; Saengyak Hakhoechi, 28(3), 1 1 7 ( 1 997); 

CA., 129, 8588 1 .  



610 Al -Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Choi, J. -S., Lee, J i-1-1 . and Young, 1-1. -S. ;  Hanguk Yongyang Siklyong Hakhoechi, 24(4), 523 
(1995 ); C.A. , 1 24, 566. 

Chong, C., Ju, 1-1.Y. and Bible, B .R. ;  Can. J. Plant Sci., 62, 533 (1982). 
Chopra, R.N . ,  Chopra, I.C. and Verma, B .S. ;  "Supplement to Glo.1·swJ' of Indian Medicinal 

Plants ", Council of Scientific and lnductrial Research, New Delhi ( 1969). 
Chopra, R.N ., Nayar, S.L. and Chopra, I.C.; "Glossw:v of Indian Medicinal Plants", Council 

of Scientific and Industrial Research, New Delhi ( 1956). 
Chou, J .S.T. and Young, C.C.; J. Chem. Ecol., 1 ,  183 (1975 ). 
Chowdhury, M.R. and Kapoor, R.C.; Cun: Sci., 55, 917 (1986); C.A. , 1 05, 168977. 
Christen, P. and Kapetanidis, I. ; Acta Helv. ,  62, 158 ( 1987b ) . 
Christen, P. and Kapetanidis, I.; Phann. Acta Helv., 62(5-6), 154 ( 1987a). 
Christen, P. and Kapetanidis, I. ; Planta Med., 53, 571 (1987c). 
Christie, G.S., De Munk, F.G., Madesen, N . P. and Hegarty, M.P. ; Pathology, 3, 139 (1971 ) .  
Christie, G.S., Madesen, N.P and Hegarty, M.P.; Biochem. Pharmac., 1 8, 693 (1969). 
Christie, G.S., Wilson, M. and Hegarty, M.P.; J. Pathol. , 1 1 7,195 (1975).  
Chubinidze, G.D., Turabelidze, D.G., Tsitsishvili, V.G. and Kikoladze, V.S.; Khim. Pri,: 

Soedin., 908 (1987); C.A., 1 08, 147205 . 
Chumbalov, T.K. and Kil, T.A.; Izv. Vysshikh Uchebn. Zavedenii, Khim. Teknol., 5(1 ), 150 

( 1962a); C.A., 57, 5024f. 
Chumbalov, T.K. and Kil, T.A.; Sb Rabat Kafed,y Organ, Khim. po Iwc/1. Khim. Sostova 

Rastit. Syr 'ya, Kazakhsk. Univ., 6 (1962b); C.A. , 61 ,  11012 c. 
Chu prov, L.L. and Chuprova, A.L .; Zap. Lening,: S-kh. Inst., 259, 53 ( 1974); C.A., 85, 30599. 
Church, D.C. and Champe, K.A.; J. Anim. Sci., 5 1 ,  20 (1980). 
Claus, E.P. ;  "Pharmacognosy", 4th ed. ,  Lea and Febiger, Philadelphia, U .S.A. (1961). 
Clemens, E.; Z. Tie,physiol. Tieremaelu: Futtermittelk., 24(3), 175 (1968); C.A.; 69, I 04302. 
Codd, L .E.W.; Mem. Bot. Surv. S. Africa, 26, 14 (1951). 
Coe, M. and Coe, C.F. ; South African J. Sci., 83, 624 (1987). 
Coetzee, J ., Malan, E. and Ferreira, D.; Tetrahedron, 54, 9153 ( 1998). 
Coi, H.J., Kim. N .J., Kim, J .W. and Hong, N .D.; Saengyak Hakhoechi, 28(3), 117(1997); 

C.A., 1 29, 85881. 
Coleman, R.G., Windrnm, G.M. and Hutton, E .M.;  J. Nutr., 70, 267 (1960). 
Collenette, S., An 1//ustrated Guide to the Flowers of Saudi Arabia, Scorpian Publ ishing 

Ltd., London, UK. 
Coll ins, F.W., McLachlar, D.C. and Blackwell ,  B.A.; Cereal Chem. , 68, 184 (1991). 
Coll ins, M. and Drolsom, P.N .; Agron. J., 74(2), 287 ( 1982). 
Connick, W.J ., Jr., Bradow, J .M., Legendre, M.G., Vail, S.L. and Menges, R.M.; J. Chem. 

Ecol. ,  1 3, 463 ( 1987). 
Conochie, J.; Aust. J. Expt/. Biol. Med. Sci., 31 , 373 (195 3); C.A., 48, 6041a. 
Constantinescu, E. and Palade, M.; Rev. Med. (Targu-Mures), 13(3-4), 354 (1967); C.A., 68, 

I 02555 .  
Constanza, S.H., De Wet, J.M.J. and Harlan, J.R.; Econ. Bot., 33, 413 (1979). 
Cook, C.W. and Harris, L.E. ;  Utah Ag,: Exp. Sta. Bull., 342, 5 (1950); C.A., 45, 5257g. 
Cook, C.W., Stoddart, L.A. and Harris, L.E.; Utah Agric. fap. Sta. Bull., 372 (1954). 
Cook, J.A., VanderJagt, D.J., Glew, R.S. Millson, M., Mounkail la, G. and Glew, R.H.; Environ. 

Null: Interact. , 3, 77 (1999); C.A., 1 32, 221612. 



Chemical Constituents and Nutri tive Values or Range Plants in Qatar 6 1 1 

Cook, J .A. ,  VanderJagt, D.J . ,  Pastuszyn, A., Mounkail la, G., Glew, R.S., Mil lson, M., and 
Glew, R.H .  ; ./. Food Comp. Anal., 13 ,  83 (2000). 

Cooke, R.J. ;  Seed Sci. Techol., 23, 865 ( 1 996); B.A. , I O I ,  1 37636. 
Coombe, J .B.  and Christian, K. R.; .J. Ag 1: Sci., 72(2), 26 1 ( 1 969); C.A ., 71 ,  20000. 
Coons, M.P. ;  Econom. Bot., 36, 1 29 ( 1 982). 
Core, R.J . ,  Henning, J .A. ,  Gardea Torresday, J. and Mostafavi, R.; .J. Chem. Ecol. , 22, 1 26 1  

( 1 996). 
Corio-Costet, M.F., Chapius, L., Scalia, R. and Delbecque, J .P. ;  Plant Sci. (limerick, Ire/.), 9( I), 23 ( 1 993). 
Corke, H . ,  Wu, H.,  Yue, S. and Sun, H . ;  in "Cereals: Novel Uses and Processes" (Campbell 

- eds. )  9 1 ,  Plenum, Press, New York, ( 1 997) 
Correa, A.D. ,  Joki, L. and Carlsson, R. ;  Arch. Lalinoam. Nutr., 36, 3 19  ( 1 986a); C.A., 107, 

76364. 
Correa, A.D., Joki, L. and Carlsson, R.; Arch. Latinoam. Nutr., 36, 466 ( 1 986b); C.A. , 107, 

1 96723. 
Correa(, E.; Actualidad pecuaria ONE (Barcelona, Spain), 34, 72 ( 1 983). 
Corzier, A., Lean, M .E.J . ,  M cDonald, M .S. ,  and Black C. ; .J. Agric. Food Chem., 45, 590 

( 1 997). 
Coto, G. and Herrera, R.S.; Cuban .J. Agric. Sci., 23, 329 ( 1 989). 
Cottam, G.P., Moran, D.M .  and Standring, R. ; Biochem. J., 234, 305 ( 1 986). 
Cotter, P.F., Dahl ,  B .E. and Scott, G.; in "Proc. Forage and Grassl. Conj" 23, Amer. Forage 

and Grassland Counc. ,  Lexington, Ken. ( 1 983). 
Couleman, B .C., Clark, K.W. and Woods, D.L. ;  Can. J. Plant Sci., 57, 779 ( 1 977b). 
Coulman, B .E. ,  Woods, D.L.  and Clark, K.W. ;  Can. J. Plant Sci., 56, 837 ( 1 976). 
Coulman, B .E., Woods, D.L. and Clark, K.W.; Can. J. Plant Sci., 57, 771 ( 1 977a). 
Coulter, K. M. and Bewley, J. D.; J. Exp. Bot., 41, 1 541  ( 1 990). 
Cowgil l ,  U.M. and Landenberger, B .D; Bot. J. Linnean Soc., 107, 333 ( 1 99 1 ). 
Cowgill ,  U.M. and Landenberger, B .D; Bot. J. Linnean Soc., 1 09, 223 ( 1 992). 
Cox worth, E .C.M., Bell, J .M. and Ashford, R.; Can. J. Plant Sci., 49, 427 ( 1 969). 
Crane, E .  Walker, P. and Day, R.; in " Directo1y of Important World Honey Sources", 

I nternational Bee Research Association, London ( 1 984). 
Crane, E. ;  in "Plants for Arid Lands", (Wickens, G.E., Goodin, J .R. and Field, D.V., eds.), 

1 63, Proceedings of the Kew International Conference on Economic Plants for Arid 
Lands, Royal Botanic Gardens, Kew, U.K.,  23-27 Jul y  ( 1 985). 

Crawford, M.C. and Simpson, R. J . ;  Aust. J. Agric Res. ,  44, 1 653 ( 1 993). 
Crider, F.J . ;  USDA Cirs. , No. 730 ( 1 945). 
Crombie, L., Crombie, W. M.L. and Whiting, D.A.; Monog1: ,-B1: Crop Prat. Co1111c. , 3 1  

(Fungic. Crop. Prot., Vol. 2), 267 ( 1 985); C.A . ,  1 04, 64062 . 
Croon, I. and Donetzhuber, A.; Tappi, 46, 648 ( 1 963); CA., 60, 4326g. 
Crowder, A.A. and Macfie, S.M.; Can. J. Bot., 64, 2 1 20 ( 1 986); C.A ., 1 05, 1 90035. 
Crush, J .R. and Caradus, J .R. ;  New Zeal. J. Agric. Res., 38, 309 ( 1 995). 
Crush, J .R., Evans, J.P.M. and Cosgrove, G.P.; New Zealand J. Agric. Res., 32, 46 1 ( 1 989). 
Cseh, S.B . ,  Fay, J .P. and Casaro, A; Vet. Rec., 1 15  (22), 567 ( 1 984); C.A., 1 02, 439 1 7. 
Cui 8, Nakamura, M., Kinjo, J. and Nohara, T.; Chem. Phann. Bull., 40, 1 943 ( 1 992). 
Cui, 8., Kinjo, J. Nakamura, M. and Nohara, T. ; Tetrahedron Lett., 32, 6 1 35 ( 1 99 1 ). 



6 1 2  AI-Easa, H.S; Rizk, A.M.; Abdel-Bari, E .M.  

Culvcnor, C.C.J . and Jago, M.V.; " Trichothecenes and Other Mycotoxins", (Lacey, J . ,  ed.), 
1 59, John Wiley & Sons Ltd. ( 1 985). 

Culvenor, C.C.J . ,  Dal Bon, R. and Smith, L. W. ; Aust. J. Chem.,  17, 1 30 I ( 1 964). 
D' Antoni, 1-1 .L. and Solbrig, O.T. ;  in "Mesquite: its Biology in Two Desert Eco.1:v.1·tems", 

(Simpson, B.B. ,  ed.), 1 89, U.S./1.B.P Synthesis Series 4, Stroudburg, PA: Dowden, 
Hutchinson and Ross ( 1 977). 

Da Rocha, G.L., Becker, M. and Gandra, P.F. ; Bo/. Ind. Animal (Sao Paulo), 20, 297 ( 1 962); 
C.A. , 60, 9674g. 

Dadang, Ohsawa, K., Kato, S. and Yamamoto, I. ; Nippon Noyak11 Gakkaishi., 21 , 444 ( 1 996); 
C.A. , 126, 57463. 

Daetwyler, P. , Ott-Longoni, R., Schoepp, E. and Hesse, M.; Helv. Chim. Acta, 64, 1 959 
( 1 98 1  ). 

Dahlin, K. and Lorenz, K. ; Lebensm. -Wiss. u. Technol., 26, 49 ( 1 993). 
Dahot, M.U.  and So01nro, Z.H.; Sci. Int. (Lahore), 9(4), 407 ( 1 997); C.A., 129, 272989. 
Dahot, M.U . ; J. Chem. Soc. Pak. ,  15(1), 78 ( 1 993); C.A. , 1 19, 248584. 
Dailey, O.D., Severson, R.F. and Arrendale, R.F.; J. Agric Food Chem.,  37, 1 3 1 7  ( 1 989). 
Dai ley, O.D. ,  Severson, R.F. and Arrendale, R.F. ; J. Agric Food Chem.,  45, 39 1 4  ( 1 997). 
Daly, G .T. ; J. Exptl. Botany, 15, I 60 ( 1 964); C.A., 65, 1 2559c. 
Damtoft, S., Falkesgaard, E. and Rosendal, S.; Phytochemistry, 35, 1 367 ( 1 994). 
Danielson, D.M. and Pollmann, D.S. ; Null: Rep. Int. , 21 ,  625 ( 1 980). 
Dani lova, A.V.; , Zhw: Obschei Khin. ,  26, 2069 ( 1 956); C.A., 51 ,  5098d. 
Dani lva, A.W and Konovalova, R.A.; Zhw: Obschei Khim., 22, 2237 ( 1 952); C.A., 48, 69 1 .  
Dann, P.R. ; Agric. Gazette of New South Wales, 81 , 393 ( 1 970). 
Dannhardt, G. and Steindl, L.; P/anta Med., 1 85 ( 1 985). 
Dannhardt, G. ,  Schneider, G. and Schwell ,  B.; Phann. Pharmacol.Lett., 2(4), 1 6 1  ( 1 992); 

C.A., 118, 1 39785. 
Das, 8. ,  Arora, S.K. and Luthra, Y. P. ; Forage Res. ,  4( 1 ), 95 ( 1 978); C.A., 89, 1 60 1 07. 
Dasso, I. , Gros, E.G. and Cattaneo, P. ; An. Asoc. Quim. Argent., 68(2), 1 09 ( 1 980); C.A., 94, 

1 1 7762. 
Datta, A., Raina, A. and B iswas, S.; U. S. US 567035A 23 Sep. ( 1 997); C.A. , 127, 289 I 3 1 .  
Datta, B.K., Datta, S.K. and Sarker, S.D.; Biochem. Syst. Ecol., 28, 805 (2000b). 
Datta, B.K., Datta, S.K. and Sarker, S.D.; Fitoterapia., 71, 459 (2000c). 
Datta, B.K., Datta, S.K., Rashid, M.A., Nash, R.J .  and Sarker, S.D.; Phytochemisfly, 54, 20 I 

(2000a). 
Datta, S.C. and Ghosh, K.N.; Acta Soc. Bot. Pol. , 56, 257 ( 1 987); C.A., 108, 1 47257. 
Dattagupta, P.C., Khastgir, H.N. and Sengupta, P. ; Chem. & Ind., 48 ( 1 960). 
Daulatabad, C.A., Ankalgi, R .F. and Kulkarni, J.S.; J. Food Sci. Technol., 1 9(3), 1 1 0 ( 1 982); 

C.A., 97, 8872 1 .  
Daulctmuratov, S. and Komarova, M.N.; Rastit. Resw: , 1 6  ( I), 86 ( 1 980); C.A., 92, 1 433 1 1 . 
Daun, J .K. and Tkachuk, R.; J. Am. Oil Chem. Soc., 53, 66 1 ( 1 976). 
Davies, S.C., Will iams, I .M., White, C.L., Allen, J.G., Edgar, J.A., Cockrum, P.A. and Stewart, 

P.; Aust, Vet. J. ,  70, 1 86 ( 1 993). 
Davies, W.; "The Grass Crop: Its Development Use, and Maintenace", 2nd ed., E & F.N. 

Spon Ltd. London ( 1 960). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 

Davis, A.M.; Agron ./. , 64, 75 1 ( 1 972a). 
Davis, A.M.; Agron . ./. , 64, 823 (1 972b). 
Davis, A.M. ;  Agron . ./. , 65, 61 3 ( 1 973). 
Davis, A.M.; Agron . .I., 7 1 , 822 ( 1 979). 
Davis, A.M. ;  ./. Range Manage, 35, 32 ( 1 982). 
Davis, A.M.; ./. Range Manage, 43, 329 ( 1 98 1  ). 
Dawidar, A.M. and Amer, M .A.; Egypt . .J. Chem. ,  1 7, 869 ( 1 974). 

61 3 

Dawidar, A.M., Ezmirly, S.T.,Abdel-Mogib, M, El-Dessouki, Y. and Angawi, R.F. ; Pharmazie, 
55, 848 (2000). 

Dawidar, A.M., Reisch, J. and Amer, M.A.; Egypt . .I. Chem., 23(1 ), 31 ( 1 980). 
Dayrel l ,  M.-S., Jahn Bol land, E.W. and Nesio, N.A.R.P.; Pesqui Agropecu Bras., 1 7, 1 671 

( 1 982); CA., 98, 1 061 87. 
De Almeida-Muradian, L.B. , Goncalves Rios, M.D. and Sasaki, R. ; Boll. Chim. Farm. ,  13, 

290 ( 1 998); CA., 1 3 1 ,  350369. 
De Arellano, M .L., Fernandez, S., Luco, J., De Sanchez, N.E., Petenatti, E. and De Mucciarel l i ,  

S.I.L.; Sci. Aliments, 16(3), 289 ( 1 996); CA., 125, 1 9402 1 .  
De Bol le, M .F.C. ,  Osborn, R. W., Goderis, I .J, Noe, L., Acland, D. and Hart, C.A.; Plant Mo/. 

Biol. ,  3 1 ,  993 ( 1 996). 
De La Cruz, A.A. and Poe, W.E.; Esturaine and Coastal Marine Science, 3, 243 (1 975).  
De Luquez, N., Fernandez, S., De Arel lano, M.L. and De Mucciarel l i ,  S. I .; Arch. Latinoam. 

Nutr. ,  47(4), 359 ( 1 997); C.A., 129, 67004. 
De Monies e Souza, M.E,  Bieber, L.V., Chiappeta, A.A., Maciel, G.M., De Mel lo, J .F., Del le 

Monache, F. and Messana, I .; Phytochemis/JJ', 27, 1 8 1 7  ( 1 988). 
De Munk, F.G., Christie, G .S. and Hegarty, M .P.; Pathology, 4,133 ( 1 972). 
De Pascual- T., J., Gonzalez, M.S., Vicente, S. and Bel l ido, I .S. ;  Planta Med., 41 , 389 (1981). 
De Pinto, G. L.; Cell Dev. Biol. Arabi11ogalacta11 Proteins, [Proc. Symp. Plant Physiol.], 20'" 

1999, 25 3, Kluwer Academic / P lenum Publishers: New York, N. Y. (2000) . 
De Pinto, G.L.; Martinez, M., De Solano, L.M., Rivas, C. and Ocando, E . ;  Phytochemist1J', 

47, 53  (1997). 
De Rui ter, J .M.  and Bums, J.C.; Co,p Sci., 27, 132 (1987a). 
De Ruiter, J.M. and Burns, J .C. ;  J. Agric. Food Chem. , 35, 308 (1987b). 
De Rui ter, J.M.; Diss. Abs/I: 1111. B. ,  46(2), 380 (1985 ); CA. , 104, 4825. 
De Souza, S.D., Pinto, J.C., Rocha, G.P. and Muniz, J.A.; Cienc. Prat. ,  13(1 ), 56 (1989); 

CA., 114, 60679. 
De Val le, F.R., Marco, E . ,  Becker, R. and Saunders, R.M.; J. Food Sci., 51,  1215 (1 986). 
De Valle, F.R., Marco, E., Becker, R. and Saunders, R.M. ;  J. Food Process. Preserv. , 1 2, 179 

( 1 988). 
De Val le, R., Marco, E., Becker, R. and Saunders, R.M .; J. Food Process. Prese111., 11, 237 

( 1987). 
Degen, A.A., Kam, M. and Jurgrau, D.; J. Zoology (London), 215(3), 443 (1988). 
Delong, J . ;  in "Biological Co11trol of Water Pol/11tio11", (Tourbier, J. and P ierson, Jr., R.W., 

ed.), 133, Pennsylvania Press, Phi ladelphia, U.S.A. (1976). 
Delong, M., Fangmeier, A. and Jaeger, H.-J.; Verch. Ges. Oekol., 28, 373 (1998); CA. , 1 29, 

275 347. 



614 Al-Easa, H .S; Rizk, A.M.; Abdel-Bari, E .M. 

Dekker, T.G., Fourie, T. G., Matthee, E. and Snyckers, F.O.; Phytoc/1emist1J', 26, 1 845 ( 1 987). 
Del Va l le, F.R., Escobedo, M., Munoz, M.J., Ortega, R. and Bourges, 1-1 . ;  Food Sci., 48, 9 1 4  

( 1 983 ) ;  C. A  ., 99, 52087. 
Del Val le, H .F. and Rosell ,  R.A.; Arid Soil Res. Reha/Ji/., 14( 1 ), 1 5  (2000); C.A., 133, 889 1 7. 
Delgado, A. Elias, A., Veitia, J .L .  and Garcia, R. ;  Cuban J. Agric. Sci., 14(1), 21 ( 1 980); 

C.A., 95, 4 1 1 7 1 .  
Delgado, E., Medrano, H. ,  Keys, A.J .  and Parry, M.A.J.; J. Exp. Bot., 46, 1 775 ( 1 995). 
Del la Greca, M., F iorentina, A., Mangoni, L., Mol inara, A., Monaco, P. and Previtera, L. ;  

Tetrahedron, 49, 3425 ( 1 993a). 
Della Greca, M., Fiorentina, A. ,  Mol inara, A., Monaco, P. and Previtera, L. ;  PhytochemisflJ', 

34, 1 1 82 ( 1 993b). 
Del la Greca, M. , Fiorentina, A. ,  Mol inaro, A., Monaco, P. and Previtera, L . ;  Nat. Prod. Lett. , 

6, 1 1 1  ( 1 995b). 
Del la Greca, M., Fiorentina, A., Monaco, P. and Previtera, L. ;  Nat. Prod. Lett., 4, 1 83 ( 1 994a). 
Della Greca, M., Fiorentina, A., Monaco, P. and Previtera, L.; PhytochemisflJ', 35, IO 1 7  

( 1 994b). 
Della Greca, M., F iorentina, A., Monaco, P., P into, G. ,  Pol l io, A. and Previtera, L.; J. Chem. 

Ecol., 22, 587 ( 1 996). 
Del la Greca, M., F iorentina, A., Monaco, P., Previtera, L. and Zarel l i, A. ;  Nat. Prod. Lett., 7, 

85 ( 1 995a). 
Della Greca, M., Mangoni, L., Molinaro, A. ,  Monaco, P. and Previtera, L. ;  Gazz. Chim. Ital., 

120, 391 ( 1 990a). 
Del la Greca, M., Monaco, P. and Previtera, L.; J. Nat. Prod., 53, 1430 ( 1 990b). 
Del la Greca, M., Monaco, P., Previtera, L., A liotta, G. and P into, G. ;  J. Nat. Prod. ,  53, 972 

( 1 990c). 
Del la Greca, M., Monaco, P., Previtera, L., Zarrel l i, A., Pol l io, A., Pinto, G., and Fiorentino, 

A. ;  Nat. Prod., 60, 1 265 ( 1 997). 
Delphaut, J. and Balansard, J .; Ann. Phann. Franc, 7, 646 ( 1 949); C.A . , 44, 4585a. 
DeLumen, B.O., Becker, R. and Reyes, P.S. ; J. Agric. Food Chem., 34, 361 ( 1 986) .  
Del-Val le, F.R., Marco, E., Becker, R.  and Saunders, R.M. ;  J. Food Process. Preserv., 13,  

447 ( 1 989). 
Demirezer, L.O. and Kuruuzum, A. ;  Z. Natwforsch., C. Biosci. ,  52, 665 ( 1 997). 
Demirezer, L.O., Strietzel, I. and Zeeck, A.; Hacettepe Univ. Eczaci/ik Fak. Derg., 15(2), 77 

( 1 995); C.A ., 1 25, 1 1 0328. 
Demirezer, L.O.; Phannazie, 49, 378 ( 1 994). 
Demirczer, 0. ,  Kuruuzum, A., Bergera, I . ,  Schiewe, H.-J. and Zecck, A.; PhytochemisflJ', 56, 

1 01 7  ( 1 994). 
Demirzer, 0., Kuruuzum, A., Bergera, I . ,  Shiewe, H.-J. and Zeeck, A.; Phytochemisfly, 56, 

399 (2001) .  
Deniscnko, O.N.; Fann. Zh.(Kiev), (5), 7 1  ( 1 990); C.A. , 1 14, 58931 . 
Denman, C.W., E lder, W.C. and Heller, V.G.; Oklahoma Agric. Exp. Stn. Tech. Bull., T-48 

( 1 953). 
Deosthal e, Y.G.; Indian J. Null: Diet., 1 8(3), 92 ( 1 981) ;  C.A., 96, 51 24. 
Deothale, Y.G.  and Nagarajan, V.; Cun: Sci, 44, 337 ( 1 975). 
Desai, B.B. and Zende, G .K.; India Null: Diet, 16( 1 0), 390 ( 1 979); C.A., 92, 1 27001 . 

- - -- - - - --



Chemical Constituents and Nutritive Values of Range Plants in Qatar 615 

Desai, H.B., Desai, M .C. ,  Purohit, L.P. and Shukla, P.C.; GAU Res. J., 9, 75 (1984). 
Desalen, T.L . ,  Tsepaeva, O.V., Sasnina, N .A., El 'kina, G. I . , Levandovskii, LV. Bravova, 

G .B., Ofitserov, E.N. and Lapin, A.A.; Bull. Exp. Biol. Med. (Transl. of Byull. Eksp. 
Biol. Med. ), 123( 1 )  79 (1997); C.A., 127, 326479. 

Desikachar, H.S.R.; in "Proceedings of a Symposium on Sorghum and Millets for Human 
Food ", (Dendy, D.A.V., ed.), 41, Tropical Products Institute, London (1977). 

Devendra, C.; MARDI Res. Bull., 5(2), 91 (1977); C.A., 89, 178582. 
Devi, K.S. ,  Pantulu, A.J. and Lakshminarayan G . ;  J. Oil Technol. Assoc. India, 11 ,  65 ( 1979). 
Devi, S., Pandey, V.B. and Shah, A.H. ;  Fitoterapia., 58, 58 ( 1987). 
Deyama, T., Yahikozawa, K., Al-Easa, H.S. and Rizk, A.M . ;  Qatar Univ. Sci. J., 1 5, 51 

(1995a). 
Deyama, T.,Yahikozawa, K., Al-Easa, H.S. and Rizk, A.M . ;  Int. J. Chem., 6, 107 (1995b) .  
Dhankher, N .  and Chauhan, B.M . ;  J. Food Sci., 52, 489 (1987). 
Dhindsa, K.S., Gupta, S.K., Singh, R. and Yadava, T.P. ; Indian J. Nut,: Diet, 12(3), 85 (1975); 

C.A., 83, 56943. 
Diamantoglou, S., Rhizopoulou, S., Herbig, A. and Kull, U . ;  Acta Oecologica Oecologia 

Plantarum, 10(3), 263 (1989). 
Dias, C. ; Revista de la Sociedad Rural de Cordoba, 18, 4152 (1918); C.A., 14, 2039. 
Diaz, H.B., Lagomarsino, E .D. and Prette, I .R. ;  Rev. Agron. NoresteArge11tina, 9, 55 (1972). 
Dijkstra, N .D. and Driven, J .G.P. ; Neth. J. Ag,: Sci., 10, 275 (1962); C.A., 59, 9141b. 
Dij kstra, N .D. ;  Landbuwk. Tijdschr., 69, 410 (1957). 
Dikshit, A. and Husain, A. ; Fitoterapia, 55, 171 (1984). 
Dimberg, L .H, Theander, V. and Lingnert, H. ; Cereal Sci., 70, 637 (1993). 
Din, M . ,  Ma, Z. and Hu, Z. ; Shengwu Huaxue Zazhi, 2(6), 45 (1986); C.A., 106, 98290. 
Dinan, L. ,  Whiting, P. and Scott, A.J . ;  Biochem. System. Ecol., 26, 533 (1998). 
Ding, H., Wang, Y., Wang, S. and You, W.; Zhongguo Zhongyao Zazhi, 23, 102 (1998); C.A. , 

1 29, 140760 . .  
Ding, W., Lin, M. ,  Shan, X. and Ying, A.; Turang Tongbao, 23(6), 281 (1992); C.A., 1 18, 

190658. 
Dini, A.,  M igliuolo, G. ,  Rastrel l i, L. , Satumino, P. and Schettino, O.; Food Chem., 49, 347 

(1994). 
Dini, A., Ramundo, E., Satumino, P., Simone, A. and Stagno D' Alcontres, I . ;  Boll. Soc. Ital. 

Biol. Spe1: , 68, 453 (1992); C.A., 119, 45209. 
Dini, A., Ramundo, E., Satumino, P., Simone, A. and Stagno D' Alcontres, I . ;  Biochem. Syst. 

Ecol. , 21 ,  305 (1993). 
Dinka, M .  and Szeglet, P. ; Limnologica, 29(1), 47 (1999); C.A., 130, 234724. 
Dixit, V.K. and Varma, K.C.; Indian Oil Soap J., 36, 273 (197 I). 
Dixon, R.M .  and Escobar, A.; Trap. Anim. Prod., 9(1), 53 (1984); C.A., 101 ,  169380. 
Dixon, R.M. and M il ligan, L .P.; Can. J. Anim. Sci. , 64(1), 103 (1984). 
Dodd, S. ; J. Comp. Path., 29, 47 (1916). 
Dodok, L. ,  M odhir, A. A., Buchtov·, V., Halasov· ,  G. and Pol · cevk, I . ;  Nahrung, 41(2), I 08 

(1997). 
Doesthale, Y.G.,  Nagarajan, V. and Pant, K.C.; Indian J. Null: Diet., 7, 80 (1970). 
Doesthale, Y.G., Rao, K., Nagarajan, V. and Pant, K.C. ; Indian J. Nutr. Diet., 8, 301 (1971). 



624 Al-Easa, H .S; Rizk, A.M . ;  Abdel-Bari, E .M.  

Gates, P.J . and Brown, K.; Outlook 011 Agriculture, 17, 61 (1988). 
Gaur, A., Bhardwaj,  L., Merilon, J .M.  and Ramawat, K.G.,  Indian J. Exp. Biol . ,  31 ,  987 

(1993); C.A., 120, 50187. 
Gavrilyuk, A.A.; Farmakol i Tokikol., 3(4), 60 (1940); C.A. , 35, 7033. 
Geerken, C.M., Diaz, A. and Gonzales, R.; Int. Gras/. Cong,: [Proc.], 13'" 1977, (Wojahn, E. 

and Thoens, H., eds.), Akad.-Verlag: Berlin, 2, 153 7 ( I 980a); C.A . , 94, 173294. 
Geerken, C.M., Funes, F. and Gonzalez, R.; Cuban J. Agric. Sci., 14(3), 291 (1980b); C.A. , 

95, 95751. 
Gelpi, E., Schneider, H . ,  Doctor, V.M. ,  Tennison, J. and OrO, J . ;  Phytochemist,y, 8, 2077 

( 1969). 
Genevin i, P.L., Sciaraffia, F. and Mannino, S. ; Agrochimica, 29(2-4), 289 (1985); C.A. , 105, 

77790. 
Geng, C.S. ,  Xing, S.T., Zhou, J.H .  and Chu, B.M . ;  Zhongguo Yaolixue Yit Dulixue Zazhi, 

3(3), 175 (1989); B.A., 88, 123272. 
George, J .R. and Hal l ,  K.E. ;  Iowa state J. Res., 56, 353 (1982); C.A., 97, 22730. 
Georgiadis, N.J. and Mcnaughton, S.J . ;  Oikos, 5 1(3), 343 (1988). 
Gervais, P.; Can. J. Plant Sci., 68, 755 (1988). 
Getinet, A., Rakow, G. ,  Rcney, J.P. and Downey, R.K.; Plant Breed., 1 16, 39 (1997); C.A., 

127, 119618. 
Ghazal, S.A., Abuzarqa, M .  and Mahasneh, A.M.; Phytothe1: Res., 6, 265 (1992). 
Ghedira, K., Chemli ,  R., Richard, 8 .  Nuzillard, J.M . ,  Zeches, M.  and Le Men-Oliver, L . ;  

Phytochemist1J'., 32,  1591 ( 1993). 
Ghosh, A., M isra, S., Dutta, A.K. and Choudhury A.; Phytochemislly, 24, 1725 (1985). 
Ghosh, L.K., Dey, D.C., Bandyopadhyay, A.K. and Gupta, 8. K. ;  Res. Ind. , 38(2), I 05 ( 1993); 

C. A., 1 20, I 16558. 
Gibbons, S., Denny, B.J . ,  Ali-Amine, S., Mathew, K.T., Skelton, B.W. , White, A.H. and 

Gray, A. I .; J. Nat. Prod., 63, 839 (2000). 
Gil, L.A., Ramirez, J. and Diaz, J . C . ;  Turria/ba, 34, 437 (1984); C.A., 103, 51316. 
G il l ,  R.S., Sharma, D.D. and Negi, S.S.; J. Res. Pu11jab Ag1: Univ., 5(3) (suppl.), 43(1968); 

C.A., 71 ,  27882. 
G iral, F. , Sotelo, A., Lucas, 8 .  and DeLavega, A.; Quart. J. Crude Drug Res., 16, 143 ( 1978). 
G iri, J., Jeyanthi, G. P. and Kalyani, s.; Indian J. Null: Diet., 24(6), 159 (1987); C.A., 1 09, 

5466. 
Girola, C.D. ;  Bal. Del. Ministerio de la Nacion (extracto), 20pp. (1917) ; Bull. Agr. 

Intelligence, 9, 190 (1918), C.A. ,  12 ,  1577. 
Gladysheva, L.E. and Korbkova, 0.1 ;  Prob/. Osvo Pustyn. ,  (3), 56 (1979). 
Glenn, E.P. ,  Fontes, M .R., Katzen, S. and Colvin, L.B.; Environ. Sci. Res. ,  23 (Bio.mine 

Res.), 485 (1982); C.A., 96, 121 I 75. 
G lenn, E.P. ,  Olsen, M . ,  Frye, R., Moore, D. and Miyamoto, S. ; Plant Cell and Environ., 17, 

711 (1994). 
Glew, R.H., VanderJagt, D.J. ,  Lockett, C., Grivetti, L.E., Smith, G.C. ,  Pastuszyn, A. and 

Mil lson, M.; J. Food Compos. Anal., 10, 205 (1997). 
Gliaubertiene, V. and Marciulionis, V. ; lief. TSR Mokslu Akad. Darb., Se,: C., (3), I 03 (1985); 

C.A., 103, 175482. 



' 

Chemical Constituents and Nutritive Values of Range Plants in Qatar 625 

Glombitza, K.-W., Mahran, G .1-1. , Mirhom, Y.W., Michel, K.G. and Motawi, T.K.; Plan/a 
Med., 60, 244 (1994). 

Glozman, O.M., Veronina, T.A., Orlova, E.K., Mescheryakova, L.M. ,  Rakhmankulova, I .Kb., 
Kazanskaya, A.A., Samimov, K.Z.A., Syrov, V.N. and Kuliev, Z. ; Khim. Farm. Z/1. , 
23(9), 1111 (1989); C.A., 1 12, 91214. 

G lukhovetskaya, Z.V., Sirenko, G.T. and Khaleeva, O.L . ;  Farm. Zh. (Kiev), (I), 79 (1991 ); 
C.A., 1 1 4, 240083. 

Gmelin, R. and Kjaer, A. ; Phytochemisl!J', 9, 60 I ( 1970). 
Gmelin, R., Kjaer, A. and Larsen, P.O.; Phytoche111ist1y, 1 ,  233 ( 1962). 
Gnanasunderam, C. and Sutherland, O.R. W. ; Phytoche111ist1y, 25, 409 (1986). 
Gnguly, S .C., Hossain, T. and Mukerj i, B.; Indian J. Phann., 7, I 06 ( 1945). 
Goa, Z., L iu, P. and Fu, C.; Sepu, 14(1), 50 (1996); C.A., 1 24, 169694. 
Godawat, S .L. and Kaul, B.K.; Indian J. Agric. Sci., 51 ,  147 ( 1981 a); C.A ., 94, 153590. 
Godawat, S .L .  and Kaul, B .K. ;  Indian J. Agric. Sci. ,  5 1 , 527 (1981b); C.A., 95, 111783. 
Goel, U. ,  Saxena, D.B. and Kumar, B.; J. Chem. Ecol., 15, 591 (1989); B.A., 87, 113905. 
Goelz, M .F.B., Rothenbacher, H., Wiggins, J .P., Kendal l ,  W.A. and Hershberger, T.V. ; 

Toxicology, 18(2), 125 (1980); C.A., 94, 115651. 
Goh, Y.K., Clandinin, D.R. and Robblee, A.R. ;  Can. J. Anim. Sci., 60, 473 (1980). 
Gohar, A.A. and Elmazar, M.M .A.; Phytothe,: Res., 1 1 , 564 (1997). 
Gomez, R.G. ,  Bertoni, M. 1-1. and Covas, G.; An. Asoc. Quim. Argent., 74( 4), 333 (1986); 

C.A., 107, 6005. 
Gomide, J .A., Costa, G.G.  and S ilva, M .-A.M.M.; Rev. Soc. Bras. Zootec., 13(1), 22 (1984); 

C.A., 102, 94556. 
Gomide, J .A., Nol l er, C. H., Mott, G .O., Conard, J.H. and Hill ,  D.L.; Agron. J. , 61 ,  120 

( 1969); C.A ., 70, 86640. 
Gomide, J .A. ,  Obeid, J .A. and Neto, J.F.T.; Rev. Soc. Bras. Zootec., 8(2), 198 (1979); C.A., 

91, 174070. 
Goncharova, V.P., Dedova, R.G .  and Baimatova, A.K.; Vestn. S-kh. Nauki Kaz., (6) 60 (1988); 

C.A. , 109, 167345. 
Gonzalez, R. and Enriquez, A.V.; Cuban J. Agric. Sci., 28(3), 285 (1994). 
Gonzalez, R., Munoz, E . ,  Alfonso, F., Gonzalez, R.M. and Enrique, A.V.; Cuban J. Agric. 

Sci., 23(2), 145 ( 1989). 
Gonzalez, S.B., Sanchez, M .  and Rodriguez, M.A. ;  Cuban J. Agric. Sci. ,  22(3), 325 (1988). 
Gonzalez-Andres, F., P ita, J .M. and Ortiz. J.M.; J. Harlie. Sci., 71 ,  187 (1996); C.A., 1 24, 

338151. 
Goodin, J.R.; in "Arid Land Plant Resources ", (Goodin, J.R. and Northington, D.K., eds. ) 

Springer-Verlag, Heidelberg, 418 ( 1979). 
Gopal, B. and Shanna, K.B.; Aquat. Bot., 20(1-2), 65 (1984); C.A., 1 02, 61429. 
Goplen, B.P., Howarth, R.E . ,  Sarker, S .K. and Lesins, K. ;  Crop Sci. , 20, 801(1980). 
Gordaliza, M . ,  dcl Corral, J .M.M. ,  Castro, M . A. ,  Gorritti, C. and Fel iciano, A.S . ;  Cun: Top. 

Phytochemist1J', 2, 151 (1999); C.A., 133, 332041. 
Gorham, J. ,  Coughlan, S.J., Storey, R. and Jones, R.G. W.; J. Chromatogr., 210, 550 ( 198 la). 
Gorham, J., Hughes, L. and Jones, R.G.; Physiol. Plant., 53, 27 (1981b); C.A., 95, 183948. 
Gorinstein, S . ;  Biosci, Biotec/11101., Biochem.,  57, 1617 (1993). 

---- ------ -- -- - � -��- -- -- - -··� 



626 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E .M. 

Gorski, P. M., Jurzysta, M., Burda, S. , Oleszek, W.A. and Ploszynski, M.; Acta Soc. Bot. Pol. , 
53, 51 5 ( 1 984a). 

Gorski, P.M., Jurzysta, M., Burda, S., Oleszek, W.A. and Ploszynski, M.; Acta Soc. Bot. Pol., 
53, 527 ( 1 984b ) . 

Gorski, P. M., Jurzysta, M., Burda, S., Oleszek, W.A. and Ploszynski, M.; Acta Soc. Bot. Pol., 
53, 543 (1 984c). 

Goswami, A., Gupta, B.K. and Sharma, K.P.; J. Res.,P1111jab Ag,: Univ., 7(1 ), 58 ( 1 970c); 
CA., 74, 1 23845. 

Goswami, A., Sehgal, K.L. and Gupta, B .K. ;  /11dia11 J. Null: Diet., 7( I), 5 ( 1 970a); CA., 73, 
44062. 

Goswami, A., Sharma, K.P. and Sehgal, K.L.; /11dia11 J. Nut,: Diet. , 7(2), 67 ( 1 970b); CA., 
73, 651 70. 

Goswami, A.K., Sehgal ,  K.L.  and Sharma, K.P. ;  J. Null: Diet. , 6(4), 287 ( 1 969a); CA., 72, 
1 09973. 

Goswami, A.K., Sharma, K.P. and Gupta, B .K. ;  J. Nut,: Diet. ,  6(4), 29 1 ( 1 969b); CA., 72, 
1 09974. 

Goto, I. and Minson, D.J. ; J. Agric. Sci. Camb., 89( 1 ), 1 43 ( 1 977). 
Goto, I. ; Nippon Chikusa11 Gakkaiho, 55(1 1 ), 838 ( 1 984); CA., 1 02, 94553. 
Goto, M., Gordon, A .H .  and Chesson, A . ;  J. Sci. Food Agric., 54, 47 (1 99 1 ). 
Gounaris, I . ,  Sherwood, R.T. and Gustine, D.L.; J. Plant Physiol., 137, 437 ( 199 1  ) . 
Goyal, S.P., Bohra, H.C., Ghosh, P.K. and Prakash, l . ; J. Arid Environ. ,  14, 285 (1 988); B.A., 

86(5), 46843. 
Grant, A .B .  and Sheppard, A.O.; N. Z. Vet. J. ,  31 ,  1 31 ( 1 983). 
Greenberg, D. ; J. Am. Pharm. Assoc., Sci. Ed., 37, 1 39 ( 1 948). 
Greenway, H. and Munns, R.; Ann. Rev. Plant Physiol. ,  3 1 , 1 49 ( 1 980). 
Greenway, Y.P.J .  and Raymond, W.D.; East African Ag,: J. ,  1 2, 2 1 6 ( 1 947); CA. , 42, 956. 
Grettenberger, J .F. and Newby, J .E . ;  Biological Consen1ation, 38, 207 ( 1 986). 
Griffiths, D. W.; J. Sci. Food Agric., 38, 229 ( 1 987). 
Grigoras, M. and Cematescu-Asandai, A. ;  Cellul. Chem. Tee/mo/., 2(2), 1 95 ( 1 968); CA., 

70, 9342. 
Grim, F. and Lebreton, P.; Acta Pharm., 46, 1 87 ( 1 996). 
Grimme, C.; Jahrb. Deut. Landw. Ges., 25, 658; CA., 5, 1 806 ( 1 9 1 1 ) . 
Grimmett, S.G.; J. Brit. Grassland Soc., 22(1 ), 42 ( 1 967); CA., 67, I 0797. 
Grof, B .  and Harding, W.A.T.; Tropical Grasslands, 4, 85 ( 1 970). 
Grof, C.P.L., Johnston, M. and Brownel l ,  P.F. ; Aust. J. Plant Physiol., 13, 343 ( 1 986). 
Gromek, D., Kisiel, W., Klodzinska, A. and Chojnacka-Wojcik, E.; Phytothe,: Res., 6, 285 

( 1 992). 
Gromek, D. ; Pol. J. Chem., 63, 297 ( 1 989). 
Gromek, D. ; Pol. J. Chem., 65, 1 1  ( 1 99 1  ) .  
Gross, C.F. and Jung, G.A. ;  Agron. J., 70, 397 ( 1 978). 
Gross, C.F. and Jung, G.A. ;  Agron. J., 73, 629 ( 1 98 1 ) . 
Groud, Ch. ;  Papier, 23, 259 ( 1 920); CA., 15, 596. 
Grove, M.D., Spencer, G .F. ,  Rohweddcr, W.K., Mandava, N., Worley, J.F., Warthen, J.D., Jr., 

Steffens, G.L. ,  Flippen-Anderson, J .L. and Cook, J .C. ,  J r. ;  Nature (London), 281 ,  
21 6 ( 1 979). 



Chemical Constituents and Nutritive Values of Range P lants in Qatar 627 

Grubb, P.J . ;  J. Ecology, 80, 586 (1992). 
Gruiz, K., Biacs, P.A. and Lichtenthaler, H.K.; Dev. Plant Biol. , 9 (Struct. Fune. Metah. 

Plant Lipids), 555 (1984); C.A., 1 02, 182519. 
Gudmunsson, M. and Aliasson, A.C.; Acta Agric. Scand. , 39, 101 (1989). 
Guerrero, J .L.G. and Isasa, M.E . ;  1111. J. Food Sci. Nutr. ,  48, 321 (1997); C.A. , 1 28, 12746. 
Guil-Guerrero, J .L.  and Rodriguez-Garcia, L; Z. Lebensm. -Unters. Forsch. A. , 209, 313 (1999). 
Guil-Guerrero, J .L. ,  G imenez-Gimenez, A., Rodriguez-Garcia, L and Torija-Isasa, M.E.; J. 

Sci. Food Agric., 76, 628 (1998). 
Gui I, J.L., Rodriguez-Garcia, L and Torija, M. E . ;  Plant Foods Hum. Nutr., 51 ,  99 ( 1997). 
Guil ,  J .L. , Torija, M.E., Gimenez, J.J . and Rodriguez, L; J. Chro111atogr. A, 719, 229 (1996a). 
Gui), J .L. ,  Torija, M.E., G imenez, J.J . , Rodriguez-Garcia, L and Gimenez, A.; J. Agric Food 

Chem.,  44, 1821 (1996b). 
Guinaudeau, H. ,  Bashir, M., Colton, M.D., Freyer, A.J. ,  Shamma, M., Jehan, K., Nilofar, A. 

and Atta-ur-Rahman, Phytochemislly, 26, 829 (1987). 
Gujer, R., Magnolato, D. and Self, R.; Phytochemisfly, 25, 1431 (1986). 
Gunasekaran, K. and Chelliah, S. ; Pest Manage., Pap. Natl. Semin. 1984, 123 (Regupathy, 

A. and Jayarai, S., eds.) , Tamil Nadu Agric. Univ. Coimbatore, India (1985). 
Guo, L.H., Zhu, R., Hui, Y. and Wang, L . ;  Xi 'an Yike DaX!le Xuebao, 1 1 ,  346 ( 1990); C.A . ,  

1 15, 46088. 
Gupta, A.K. and Bose, S. ; Carbohyd,: Res., 1 53, 69 (1986). 
Gupta, A.K. and Grasdalen, H . ;  Carbohyd,: Res., 1 73, 159 ( 1988). 
Gupta, A.K., Mamta and Bhotia, L S. ; Phytochemishy, 24, 1423 (1995b). 
Gupta, A.K., Mamta., Kaur, N.  and Singh, R.; Phytochemishy, 25, 2765 ( 1986). 
Gupta, B.K. and Beri, S.M.; Agric. Sci. Dig., 4(1 ), 17 ( 1984 ); C.A ., 1 02, 202882. 
Gupta, B.K., Gupta, G.K., Dhar, K.L. and Atal, C.K.; Phytoc/1emisfly, 19,  2034 (1980a). 
Gupta, B.K., Gupta, G.K., Dhar, K.L. and Atal, C.K.; Phytochemisfly, 19, 2232 (1980b ). 

Gupta, B.K., Mehra, S.P. and Chopra, A.K.; J. Res. (Punjab Agric Univ.) 18(4), 464 (1981 ); 
C.A., 97, 197100. 

Gupta, B.K., Nandra, K.S. Third, LS. and Chopra, A.K.; J. Res. (PunjabAgric. Univ. ), 1 9(3), 
270 (1982a); C.A., 98, 142155. 

Gupta, D.R. and Ahmed, B.; Phytochemisfly, 24, 873 ( 1985). 
Gupta, D.R. , Bhushan, R. and Ahmed, B. ; Khim. Pri,: Soedin. ,  (3), 408 (1985a); C.A., 103, 

51218 . 
Gupta, G.K. Dhar, K.L. and Atal, C.K. ;  Phytochemishy, 17, 164 (1978). 
Gupta, G .K., Dhar, K.L. and Atal, C.K.;  Phytoche111ist1y, 16, 403 ( 1977a). 
Gupta, G.K., Suri, J .L. ,  Gupta, B.K. and Dhar, K.L.; Phytochemislly, 21, 2149 (1982b). 
Gupta, L, Tank, R. and Dixit, V. P.; Proc. Natl. Acad. Sci. , India, Sect. B., 55, 262 (1985c); 

C.A., 1 07, 70981. 
Gupta, J. and Ali, M.;  Indian J. Heterocyclic Chem. , 6( 4), 295 ( 1997). 
Gupta, J. and Ali, M. ; J. Med. Aroma/. Plant Sci. , 20, 683 (1998); C.A., 130, 194276. 
Gupta, K.C., Bhatia, M.C., Chopra, C.L., Nath, A. and Chopra, LC.;  Bull. Reg. Res. Lab. , 

Ja111111u, India, 1, 59 (1962); C.A., 60, 885b. 
Gupta, M.B., Nath, R., Srivastava, N., Shanker, K., Kishor, K. and Bhargava, K.P.; Planta 

Med., 39, 157 (1980c). 



638 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Kalac, P., Price, K.R. and Fenwick, G.R.; Food Chem.,  56, 377 (1996). 
Kalambacher, R.S., Long, K .R. ,  Johnson, M.K. and Martin, F.G.; J. Range Manage., 37, 334 

(1984). 
Kalambacher, R.S., Mislevy, P. and Martin, F.G.; Proc. -Soil Crop Sci. Soc. Fla., 40, 124 

(1981); C.A., 96, 18860. 
Kalistratova, O.A., andAref'eva, L.P.; Ok/11: Sredy Ratsion, Jspol 'z Rastit. Resur., 190 (1976); 

C.A., 89, 194031. 
Kam, M. and Degen, A.A. ; J. Zoolo6ry, (London), 215(3), 453 (1988). 
Kamada, Y., Arita, Y., Ogata, S., Muramatsu, H .  and Muramatsu, T. ; Ew: J. Biochem. , 163 , 

497 (1987). 
Kamal, R. and Mangla, M.; Pharmazie, 42, 356 (1987). 
Kamal, R. and Sharma, G.I. ; Pharmazie, 36, 578 (1981). 
Kamal, R. and Yadav, R.; J. Phytolog. Res., 4, 161 (1991). 
Kamel, M.S., Ohtani, K. ,  Hassanean, H .A. ,  Khalifa, A.A., Kasai, R. and Yamaski, K. ;  

Pharmazie, 55,  460 (2000). 
Kameoka, H ., Hashimoto, S. and Satoh, F.; Kinki Daigaku Rikogakubu KenJ.yu Hakoku, 

(21 ), 133 (1985); C.A ., 104, 17659. 
Kamstra, L.D., Stanley, R.W. and Ishizaki, S.M.; J. Range Manage., 1 9(5), 288 (1966); C.A., 

66, 26590. 
Kandeel, K .M., EI-Sadek, M.M., Yacout, G.A. and Abdel Razek, A.; Acta Aliment, 1 7(2), 

141 (1988). 
Kandi!, F.E. ,  Ahmed, K.M., Hussiny, H .A. and Soliman, A.M.;  Arch. Phann. (Weinheim, 

Ge,:), 333, 275 (2000). 
Kaneta, M. and Sugiyama, N.; Ag,: Biol. Chem.,  27, 2663 (1973). 
Kang, S.-K., Han 'guk Yongyang Siklyong Hakhoechi, 24(5), 702(1995); C.A., 124, 140957. 
Kang, S.S. and Woo, W.S. ; J. Nat. Prod. , 51 , 335 (1988). 
Kang, S.S., Chang, Y.S. and Kim, J .S.; Chem. Phann. Bull., 48, 1242 (2000). 
Kang, S.S. , Lee, S.Y. and Lee, F.B . ;  Arch. Pharmacol. Res. , 1 1 ,  197 (1988). 
Kang, S.S., Lim, C .H . ,  Lee, S.Y. and Lee, F.B .; Saengyak Hakhoechi, 18(2), 89(1987b); 

C.A., 107, 242495. 
Kang, S.S., Lim, C .H . ,  Lee, S.Y. and Sook, Y. ; Arch. Pharmacol. Res. ,  1 0, 9 (1987a). 
Kang, Y., Wang, Z., Li, J .  and Liu, L. ;  Zhongguo Zhongyao Zazhi, 21, 741 (1996); C.A., 1 27, 

202916. 
Kapadia, V.H ., Naik, V.G., Wadia, M.S. and Dew, S. ; Tetrahedron Lett. , 4661 (1967). 
Kapadia, Z., Hussain, N. and Sadar, Y. ; Karachi Univ. J. Sci., 13(2), 113 (1985); C.A. , 107, 

151208. 
Kapoor, V.P., Chanzy, H .  and Taravel, F.R.; Carbohyd,: Polym., 27, 229 (1995) . 
Kapoor, V.P., Raina, R.M., Khan, P.S.H .  and Farooqi, M.I .H . ;  Sci. Cult. , 39, 444 (1973) . 
Kappel, L.C. ,  Morgan, E.B . ,  Kilgore, L . ,  Ingraham, R.H .  and Babcock, D.K.; J. Dai,y Sci. , 

68, 1822 ( 1985). 
Kapseu, C., Mbofung, C .M.F. and Kayem, G. J . ;  Sci. Aliments, 1 7, 531 (1997); C.A. , 1 28, 

127273. 
Karasawa, H . ,  Kobayashi, H ., Takizawa, N., Miyase, T. and Fukushima, S.; Yakugaku Zasshi, 

106, 562 ( 1986a); C.A ., 105, 178280. 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 639 

Karasawa, H . ,  Kobayashi, H., Takizawa, N ., Miyase, T. and Fukushima, S.; Yakugaku Zasshi, 
1 06, 721 (1 986b); C.A., 1 05, 21 3988. 

Karaseva, A.N ., Karlin, V. V., Konovalov, A.I., Mironov, V.F. ,  Efremov, Yu. Ya., Sharafutdinova, 
D.R., Tsepaeva, O.V. and Yunusov, E.R. ;  Chem. Nat. Prod. ,  36, 269 (2000). 

Karasuno, T. , Kanayama, Y. , Nishiura, T. et al.; Ew: J. /111111u11ol., 22, 2003 ( 1 992). 
Karawya, M.S., Balbaa, S.I. and Afifi ,  M.S. ; U.AR. J. Pharm. Sci., 12 ,  53 ( 1 971 a). 
Karawya, M.S., Wassel, G.M. and EI-Menshawi, B.Sh. ;  Acta Pharm Suec., 1 0, 477 (1 973) .  
Karawya, M.S. ,  Wassel ,  G.M. and EI-Menshawi, B.Sh. ;  Pharmazie., 29, 60 ( 1 974). 
Karawya, M.S., Wassel, G.M., Baghdadi, H .H .  and Ahmed, Z.F.; Phytochemisl!JJ, 1 1 , 44 1 

( 1 972c). 
Karawya, M.S., Wassel, G.M., Baghdadi, H .H .  and Ahmed, Z.F.; Plant a Med., 2 1 ,  1 73 ( 1 972b ). 
Karawya, M.S., Wassel, G.M., Ruecker, G.; Baghdadi, H .H .  and Ahmed, Z.F.; Phytochemisl!J', 

1 0, 3303 (1 971 b ). 
Karawya, M.S; H ilal, S.H .  and EI-Sohly, M.A.; Egypt J. Phann. Sci. , 47 (1 972a). 
Karimi, S.H. and Ungar, I.A.; in "Proceeding ofa Symposium 011 the Biology ofAtriplex and 

Related Chenopods, (Tiedemann, A.R., McArthur, E.D., Stutz, H .C., Stevens, R. 
and Johnson, K., eds.)  1 24, Provo, Utah (1 983) .  

Karlstam, B. and N ilsson, B.; J. /11111111110/. Methods, 54, 1 1 9 ( 1 982). 
Kartashkina, M.R.I. ,  Shamsutdinov, M.R. I .  and Shakirov, T.T. ; Khim Pri,: Soedin., Akad, 

Nuk Uz. ,  SSR, 2(1 ), 65 ( 1 966); C.A., 65, 1 038b.  
Kartnig, T., Gruber, A. and Preuss, M.;  Phann. Acta Helv. , 60, 253 (1 985). 
Karue, C.N.;  East A.fi: Agric. Fa,: J., 40( 1 ), 89 ( 1 974); C.A., 83, 56946. 
Kasai, T. and Sakamura, S. ; J. Null: Sci. Vitaminol. , 32, 77 ( 1 986); C.A., 1 04, 1 83429. 
Kassem, M.E. ,  Mosharrafa, S.A.M., Saleh, N . A. M. and EI-Wahab, S.M.A.; Fitoterapia, 67, 

432 ( 1 996). 
Katcgile, J.A., Urio, N . A., Sundstoel, F. and Mzihirwa, Y.G.; Anim. Feed Sci. Tec/11101., 6, 

1 33 (1 981 ); C.A. ,  95, 95748. 
Kathju, S., Lahiri, A.N. and Shankamarayan, K.A.; Experientia, 34, 848 ( 1 978). 
Katiyar, S.K. and N iranjan, G.S.; J. Indian Chem. Soc., 58, 98 ( 198 1 ) .  
Katiyar, S.K. ,  N iranjan, G.S. and Sikroria, B.C.;  J. Jndian Chem. Soc., 58, 996 ( 1 98 1 ). 
Kato, S. and Kawaguchi, T. ; Jpn, Kokai Tokl,,)'o Koho JP 06,141, 784 [94,141, 784} (Cl. 

A23Kl/16), 24 May ( 1 994); C.A., 12 1 ,  1 56266. 
Kato, S., Panichart, S., Aksomkoac, S. , Nakamura, T. and Sugi, J.; Nippon Kaisui Gakkaishi, 

42(236), 73 ( 1 988); C.A., 109, 22676 I. 
Kato, T. and Morita, Y. ; Chem. Phann. Bull., 38, 2277 ( 1 990). 
Kato, T. and Morita, Y. ; Shoyakugaku Zasshi, 41 ,  67 ( 1 987); C.A. 1 07, 1 51 238. 
Kato, T., Makino, S. , Yamachi, R. and Ueno, Y. ; Depun Kagaku. , 38( 1 ), 23 (1991); C.A. 1 15, 

134568. 
Kaur, N., Jain, H. ,  Mann, P., Gupta, A.K. and Singh, R.; Plant Physiol. Biochem., 30, 445 

( 1 992) .  
Kawai, Y. ; Jpn. Kokai Tokl,yo Koho JP 2001 72,583 (Cl. A6/K31/05) 21  Mar (200 1 ); C. A. ,  

134, 23 1 876. 
Kawamitsu, Y., Kawamoto, T., Yoshihara, T. and Murayama, S. ; Ryuku Daigaku Nogakubu 

Gakujutsu Hokoku, 44, 9 1  ( 1 997); C.A., 1 28, 1 5 1 9 1 9 .  



640 Al -Easa, H.S; Rizk, A.M.; Abdel -Bari, E.M. 

Kawamura, 0., Nagaiwa, Y., Tanaka, S. and Miaki, T. ; Miyazaki Daigaku Nogakubu, Ke11ky11 
1-/okoku, 26( I), 1 49 ( 1 979); CA., 92, 92962. 

Kawamura, T., 1-lisata, Y. , Okuda, K., Hoshino, S., Noro, Y. , Tanaka, T., Kodama, A. and 
Nishibe, S.; Nat. Med. , 52(1 ), 5 ( 1 998); CA., 1 29, 1 1 3367. 

Kawashty, S.A., EI-Negoumy, S. l .  and Mansour, R. M.A. ; Bull. Nat. Res. Cent. (Egypt), 24, 
1 1 5 ( 1 999). 

Kayongo Male, H. and Field, C.R.; /PAL Report, AS, 230 ( 1 983). 
Kazakov, A.I., Luk' yanchikov, M.S., Dzhumyrko, S.F. and Kompantsev, V.A.; Khim. Pri,: 

Soedin. ,  (3), 388 { 1 98 1 a); CA., 95, 1 471 30. 
Kazakov, A.L., Dzhumyrko, S.F., Sergeeva, T.A. and Kompantsev, V.A.; Khim. Pri,:, Soedin. ,  

(3)39 1 ( 1 981 b); CA. , 95, 1 471 32. 
Kazmi, I-I.A., Awan, I.A. and Khatoon, S. ; Phys. Chem. (Peshawar, Pakistan), 1 3, 59 ( 1 994); 

CA., 1 25, 1 46977. 
Kazutoshi, 0. and Sakaguchi, S.; Cereal Res. Comm., 9, 305 ( 1 981 ). 
Keckeis, K., Sarker, S.D. and Dinan, L.N.; Fitoterapia, 71, 456 (2000). 
Keeler, R.F.; J. Range Manag., 42, 3 1  ( 1 989). 
Keneshov, B .M., Kul iev, Z.A., Ydovin, A.O., Abdul laev, N.D. and Nishanov, A.A.; Chem. 

Nat. Prod., 33, 548 ( 1 997b ). 
Keneshov, B .M., Kul iev. Z.A., Vdovin, A.O., Abdul laev, N.D., Makhmtkulov, A.B .  and 

Nidhanov, A.A.; Chem. Nat. Prod., 33, 453 ( 1 997a) 
Kessler, J .J.; J. Arid Environ., 1 9(2), 225 ( 1 990). 
Khaitbaev, Kh.Kh., l slambekov, Sh.Yu., Kurbanova, M.M. and Yusupova, Sh. ;  Khim-Farm. 

Zh., 2 1( 1 1 ), 1 352 ( 1 987); CA., 108, 44099. 
Khaitbaev, Kh.Kh., Sultan, A., Ganiev, S.S. and Aslanov, Kh.A.; Khim. Pril: Soedin. ,  (5), 

664 ( 1 993); CA., 123, 2221 04. 
Khalil, A.M., El-Tawil, B .A.H., Ashy, M.A. and El-Beih, F.K.A.; Pharamzie, 36, 569 ( 1 98 1  ). 
Khalil, J .K., Sawaya, W.H. and Hyder, S.Z.; J. Range Manage., 39, 1 04 ( 1 986). 
Khal il ,  K. and Sawaya, W.N.; Cereal Chem., 61 , 301  ( 1 984). 
Khan, A.A.; Pak. J. F01: , 25( 1 ), 42 ( 1 975); CA., 86, 70379. 
Khan, D., Ahmad, R. and Ismail, S.; Pakistan J. Bot., 19, 1 3 1  ( 1 987a) . 
Khan, G. and Kapoor, V.P. ; Trends Carbohyd,: Chem., 4, 99 ( 1 999). 
Khan, J. and Khan, A.S.; Pak. J. Sci. Ind. Res., 32, 726 ( 1 989). 
Khan, K.A. and Shoeb, A.; Phytochemistly, 23, 765 ( 1 984). 
Khan, M.A. and Ungar, I .A.; Bot. Caz., 145, 487 ( 1 984). 
Khan, M.A. and Ungar, I.A.; J. Plant Nut,: , 1 9, 5 1 7 ( 1 996). 
Khan, M.A., Ungar, I .A. and Showalter, A.M.; J. Plant Nut,: , 22, 1 9 1  ( 1 999); CA., 130, 

266858. 
Khan, M.A., Ungar, I.A., Showalter, A.M. and Dewald, J·I.D.; Physiol. Plant. , 1 02, 487 ( 1 998); 

CA., 129, 93044. 
Khan, M.A., Weber, D.J. and Hess, W.M.; Am. J. Bot., 72, 1 672 ( 1 985). 
Khan, M.A., Weber, D. J. and Hess, W.M.; Great Basin Nat. , 47(1), 9 1  ( 1 987b). 
Khan, M.A.; Ann. Bot. (London), 70, 61 ( 1 992). 
Khan, M.S.Y. and Varshney, J .P. ;  J. Indian Chem. Soc., 47, 923 ( 1 970); CA. , 74, 95447. 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 64 1 

Khanna, M .  and Singh, S . ;  Trends Carhohyd,: Chem. ,  Carbohych: C01!f:, 9'" 1993, (Soni, 
P.L., ed.), 1 37, Sury International Publications: Dehradun, India ( 1 995). 

Khanna, P., Uddin, A. and Sogani, M.; J11dia11 J. Phann. ,  38(6), 1 40 ( 1 976); C.A. , 86, 68392. 
Khastgir, 1-1 .N., Duttagupta, P.C. and Sengupta, P. ; J11dia11 J. Appl. Chem., 22, 82 ( 1 959); 

C.A. , 54, 1 2275a. 
Khatri, L.M. ,  Mahar, S .M. ,  and Valhari, M.U. ;  Pak. J. Sci. ind. Res. , 32(3), 1 62 ( 1 989); C.A. , 

I l l ,  2 1 20 1 2 . 
Khazhakyan, Kh.K.; Rastit. Resw·., 24( 1 ), 1 1 1  ( 1 988); C.A., 108, 1 46550. 
Khetwal, K.S., Manral, K. and Pathak, R.P. ;  Indian Drugs, 24, 328 ( 1 987); C.A . , I 07, 1 1 2620 
Khizroeva, P.R. and Magomedov, I .A. ;  Mikroelem. Rast. Rav11i1111oi Zany Dagestana, 29 

( 1 982); C.A . ,  99, I 04282. 
Khodakov, G.V., Akimov, Yu.A. and Kintya, P.K.; Khim. Pri,: Soedi11 . ,  770 ( 1 994); C.A., 

124, 87533 .  
Khodakov, G.Y., Akimov, Yu.A., Shashkov, A.A. ,  Kintya, P.K. and Grishkovets, V.T. ; Adv. 

Exp. Med. Biol, 405 (Sapo11i11s Used in Food and Agriculture), 2 1 1 ( 1 996); C.A . ,  
1 26, 303700. 

Khokhar, I. and Ahmad, A.; Sci. Int. (Lahore), 5( I ), 3 7 ( 1 993); C.A. , 1 19, 245538 .  
Khorana, M.L., Prabhu, V.G. and Rajaram Roa, M .R.; Indian J. Phann. ,  20, 3 ( 1 958); C.A. , 

53, 7433 .  
Khristov, T.S. ;  Tec/111ika (Belgrade), 7( 1 ) ,  1 3  ( 1 958), Abstr. Bulg. Sci. Lit. Chem. and Chem. 

Tech110!. No. (2), Abst1: No 78; C.A., 53, 1 653 1 .  
Khushbaktova, Z.A., Syrov, Y.N., Khalikov, T.R., Vaisbrot, V.V. and Tadzhiev, B.A.; Med. 

Zh. Uzb., (6), 66 ( 1 988); C.A., 1 09, 1 63484. 
Khushbaktova, Z.A., Syrov, V.N., Kuliev, Z., Bashirova, N.S., Shadieva, Z.Kh., Gorodetskaya, 

Ye.A. and Medvedev, O.S. ;  Eksp. Klin. Farmakol., 55(6), 1 9  ( 1 992); C.A. , 118, 
1 39567. 

Kiatoka, M.M. ,  McDowell, L.R., Fisk, K.R., Fonseca, H., Camacho, J., Loosli, J.K. and 
Conrad, J .H. ;  J. Dai,y Sci, 61, 324 ( 1 978). 

Kido, S. ,  Yasufuku, H. and Azuma, J.-1.; J. Agric. Food Chem., 44, 3432 ( 1 996). 
Kim, C.S . ;  Sikmul Hakhoe Chi, 23( 1 ), 27 ( 1 980); C.A. , 96, 2 1 4426. 
Kim, C.W. and Lee, K.S. ; Saengyak Hakhoechi. ,  1 6(4), 206 ( 1 986); C.A. , 105, 29875. 
Kim, D.K., Choi, S.U., Ryu, S.Y. ,  Lee, K.R. and Zee, O.P.; Yak/wk Hoechi, 42, 233 { 1 998a); 

C.A., 1 29, 1 80008. 
Kim, H.J., Woo, E.R. and Park, H . ;  J. Nat. Prod. , 57, 58 1 ( 1 994). 
Kim, H.-M., Hong, D.-R. and Lee, E.-H. ;  Gen. Pharmacol. ,  31,  36 1 ( 1 998b); C.A., 129, 

2 1 1 42 1 .  
Kim, I .G. and Mun, G.S. ;  Chason Minjujuui lnmin Kongkwaguk Kwahagwon Tongbo, 26(2), 

1 08 ( 1 978); C.A. , 89, 1 76345. 
Kim, J.-H, Kang, T.-W. and Ahn, Y.-K.; Arch. Pharmacal. Res., 1 9(2), 1 37 ( 1 996); C.A., 1 25, 

796. 
Kim, J . I .  and Moon, C.K.; Palpu Chongi Gisul, 24( 1 ), 4 1  ( 1 992). 
Kim, J .K. ;  Han 'guk Yo11gya11g Siklyong Hakhoechi, 1 2(3), 259 ( 1 983); C.A. , 1 02, 23026. 
Kim, J .S .  and Kim, C.; Saengyak Hakhoechi. , 3 1 ( 1 ), 1 09 (2000); C.A., 1 33, 1 7459 1 .  
Kim, M .  and Shin, H .K.; J. Nutr. , 126, 2236 ( 1 996). 

- �- - .. - -- - - -



642 AI-Easa, H .S ;  Rizk, A.M.; Abdel-Bari, E.M. 

Kim, Mi-J., Lee, E., Cha, B.-C., Choi, M.-Y., Rhim. T.-J . and Park, H.-J . ;  Saengyak Hakhoec/1i, 
28( 1 ), 21 ( 1 997b); C. A., 1 27, 60467. 

Kim, S .K., Hwang, B.Y, Kang, S.J., Lee, J .J . ,  Ro, J .S.  and Lee, K.S . ;  Saengyak Hakhoechi, 
3 1 ( 1 ), I (2000a); C.A., 133, 1 74589. 

Kim, S.Y. ,  Choi, Y.H . ,  Kim, J., Kim. Y.C. and Lee, 1-1 .S .; J. Nat. Prod., 60, 274 ( 1 997a) .  
Kim, S.Y., Lee, E.J ., Kim, H .P., Kim. Y.C., Moon, A. and Kim Y.C.; Biol. Pharm. Bull., 22, 

873 ( 1 999). 
Kim, S.Y., Lee, E.J., Kim, H.P. , Lee, H .S. and Kim Y.C. ; Phytothe1: Res., 14, 448 (2000b). 
Kim, T. 1-1 . and Park, J .Y.; Saengyak Hakhoechi, 28(4), 1 85 ( 1 997); C.A., 128, 227 I 85. 
Kim, T. 1-1 . ,  Yang, K.S. and Park, J .Y.; Yak/wk Hoechi, 42( 1 ), 70 ( 1 998c); C.A., 1 28, 286252. 
Kim, Y.C. and Kingston, D.G.I.; Saengyak Hakhoechi, 26, 273 ( 1 995); C.A., 1 24, 22664 1 .  
Kim, Y.1-1 .; Saengyak Hakhoechi, 13(2), 249 (2000); C.A. , 134, 249507. 
Kingsbury, J.M.; "Poisonous Plants of the United States and Canada", Prentice Hall, Inc., 

New Jersy, USA ( 1 964). 
Kinjo, J . ,  Uemura, H . ,  Nakamura, M. and Nohara, T. ; Chem. Phann. Bull. , 24, 1 339 ( 1 994). 
Kirtikar, K.R. and Basu, B.D.; "Indian Medicinal Plants ", Lalit Mohan Basu Publishers, 

Allahabad, India ( 1 984). 
Kiselev, Y.E., Demina, T.G., Azovtesev, G .R., Polyakova, L.Y. and Yysochina, G.I.; Rastit. 

Bogatstva Sib., 93 ( 1 971 ); C.A., 77, 85643. 
Kishinevsky, B.D., Leshem, Y., Friedman, Y. and Krivatz, G.; Arid Soil Rehabil. , 6, 261 

( 1 992); C.A., 1 19, 48503. 
Kisiel, W. and Barszcz, B.; Phytocl,e111ist1J', 46, 1 24 1  ( 1 997). 
Kisiel, W. and Barszcz, B.; Phytochemisl!y, 48, 205 ( 1 998). 
Kisiel, W. and Gromek, D. ;  Phytocliemisl!y, 36, 1 644 ( 1 993). 
Kisiel, W. and Szneler, E . ;  Pol. J. Chem. , 72, 799 ( 1 998); C.A., 1 29, 144 14.  
Kisiel, W., Barszcz, B. and Szneler, E.; Phytocl,emist,y, 45, 365 ( 1 997). 
Kisiel, W.; Acta Soc. Bot. Pol . ,  67, 247 ( 1 998); C.A. , 13 1 ,  1 27614.  
Kist, A.A., Mukhammedov, S . ,  Tillaeva, Kh., Badalov, N.B. and Omonov, Sh.; At. Energ. ,  

65(2), 1 44 ( 1 988); C.A., 1 09, 1 6671 5. 
Kitamura, M. and Obara, T.; Nippon NUgei Kagaku Kaishi, 32, 946 ( 1 958); C.A ., 53, 1 0805. 
Kittur, M.H., Mahajanshett, C.S .  and Lakshminarayana, G.; J. Oil Technol. Assoc. India 

(Bomba;�, 25(2), 39 ( 1 993); C.A. , 1 1 9, 22 1 648. 
Kleiber, D., Aussenac, T., Gay, M. and Cassagnes, P.; Bull. Liason-Groupe Polyphenols, 13, 

5 1 8  ( 1 986); C.A., 1 08, 19300. 
Kling, 1-1.; Hoppe-Seylers Zeitschrif J; r Physiologiche Chemie, 350, 1 093 ( 1 969). 
Kling, 1-1 . ;  Zeitscl,ifl f. r Pjlanzenphysiolgie, 76, 1 55 ( 1 975). 
Klockars, G., Bowers, M.D. and Cooney, B.; Junonia coenia (Nymphalidae ), Chemoecology, 

4(2), 72 ( 1 993); C.A ., 12 1 ,  226380. 
Klopfenstein, C.F. , H oseney, R.C. and Leipold, 1-1.W.; Natw: Rep. Int., 27, 1039 (1983). 
Klyshev, L.K., Pershukova, A.M. and Antonova, N.Ya.; lzv. Akad. Nauk Ka;:,. SSR, Se,: Biol., 

(6), 1 7  ( 1 987); C.A., 108, 1 28550. 
Knacker, T. and Schaub, 1-1.; Planta, 162, 44 1 ( 1 984); C.A., 1 02, 3312. 
Knights, A.B.; Phytochemisl!y, 7, 2067 ( 1 968). 



-- �- ...___ - .. �- - I 

Chemical Constituents and Nutritive Values or Range Plants in Qatar 643 

Kobayashi, 1-1 . , Karasawa, 1-1 . , Fukushima, S. and Miyase, T. ; Jpn. Kokai Tokf..J,o Koho JP 6/ ,  
/ 89, 290 (86, / 89, 290) (Cl. C07H 15//8) 22 Aug ( 1 986); C.A., 1 06, 1 731 92. 

Kobayashi, 1-1 . , Karasawa, 1-1 . , Miyase, T. and Fukushima, S. ; Chem. Pl,arm. Bull., 32, 3880 
( 1 984). 

Kobayashi, 1-1 . ,  Karasawa, 1-1 . ,  Miyase, T. and Fukushima, S. ; Chem. Pharm. Bull., 33, 1452 
( 1 985a). 

Kobayashi, 1-1 . ,  Karasawa, 1-1 . ,  Miyase, T. and Fukushima, S. ; Chem. Phann. Bull., 33, 4645 
( 1 985b). 

Kobayashi, 1-1 . , Oguchi, 1-1 . ,  Takizawa, N . , Miyase, T., Ueno, A., Usmanghani, K. and Ahmad, 
M . ;  Chem. Plwrm. Bull., 353, 3309 ( 1 987a). 

Kobayashi, 1-1 ., Takizawa, N., Karasawa, H., Fukushima, S. and Miyase, T. ; Jpn. Kokai Tok/..)'o 
Koho JP 62, 230, 798 [87, 230, 798} (Cl. C07Hf 5/!8) 09 oct. ( 1 987b); C.A., 1 08, 
226826 ..  

Koedam, A.; Pharm. Weekblad., 1 1 2, 246 ( 1 977). 
Koehl, K., Kehl, A., Buddendieck, J. and Loesh, R.; Verh. Ges. Oeko/., 24, 657 ( 1 995); C.A., 

124, 36683. 
Koenig, G. and Rimpler, H.; Phytochemisll)', 24, 1 245 ( 1 985). 
Koenig, G. ,  Rimpler, H. and Hunkier, D.; Phytoc/1emisll:l', 26, 423 ( 1 987). 
Koenigshofer, H. and Kinzel, H . ;  Flora, (Jena), 1 78(3), 1 67 ( 1 986); C.A.; 1 05, 1 30885. 
Koenigshofer, H . ;  Plant Soil, 72, 289 ( 1 983); C.A. , 99, 1 1 953 1 .  
Kogan, L.M. and Bogacheva, N.G.; Tezisy Dok/. - Sov. Jndiiskii Simp. Khim. Pri,: Soedin., 

5'", 39 ( 1 978); C.A. , 93, 1 82786. 
Kogetsu, H. ,  Noda, N . ,  Kawasaki, T. and Miyahara, K.; Phytoche111ist1)', 30, 957 ( 1 99 1 ). 
Kohl, J .-G., Woitke, P., Kiihl, 1-1 . ,  Dewender, M .  and K'nig, G.; Aqu . Bot. ,  60, 221 ( 1 998); 

C.A. ,  1 29, 2704 
Kohlmuenzcr, S.; Dissertationes Phann. ,  17  (2), 221 ( 1 965); CA., 63, 1 6658 g. 
K.0ie, 8 .  and Doll, H.; in " Seed Protein Improvement in Cereals and Grain Legumes", Vol. 

I, 250, International Atomic Energy Agency, V ienna ( 1 979). 
Kojima, K., Yagi, T. and Okuda, T.; Shoyakugaku Zasshi, 38(2), 1 38( 1 984); C. A., 102, 1 2469. 
Kok, E.A., Machado, L. de 8. and Meirelles, L.V. ; Bo/. Ind. Animal (Sao Paulo), 6(4), 67 

( 1 943); C.A., 39, 2356. 
Kok, J . ;  Phann. Weekb/ad, 79, 4 1 ( 1 942); C.A., 37, 2882. 
Kokhar, I. and Ahmad, A.; Pak. J. Sci. ,  44, 37 ( 1 992); CA. , 12 1 ,  297 1 3 1 . 
Kokhar, I. and Ahmad, A.; Sci. Int. (Lahore), 5(1), 37 ( 1 993); CA., 1 19, 245538. 
Komai, K., Shimiz, M. ,  Tang, C.S. and Tsutsui, H.; Mem. Fae. Ag,: Kinki Univ. , 27, 39 

( 1 994). 
Komai, K., Tang, C.S. and Nishimoto, R.K.; J. Chem. Ecol., 1 7(1), I ( 1 99 1 ); C.A. , 1 14, 

1 60749. 
Komai, K. ;  Foods Foods Ingredients J. Jpn. ,  160, 43 ( 1 994); C.A. , 1 2 1 ,  200876. 
Konarev, A. V. and V vcdenskaya, 1 .0.; Dok/. Vses. Akad. S-kh. Nauk im. JI.I. Lenina, ( 1 1 ), 1 6  

( 1 984); CA., 1 02, 2 1 279. 
Kondo, T. , H iroi, T. , M izuno, K., Akiyama, F. and Kato, T.; Nippon Sochi Gakkaishi, 36, 3 1 9  

( 1 99 1 ); C.A. , 1 1 5, 1 31 937 
Kondo, Y., Kato, A., Kubota, Y. and Nozoe, S. ; Heteroxycles, 31 ,  1 87 ( 1 990). 



644 Al-Easa, H.S;  Rizk, A.M. ; Abdel-Bari, E.M. 

Kandra, Z.P. and Stefanson, B.R. ;  Can. J. Genet. Cytol. , 7, 500 ( 1 965). 
Konishi, H . ,  Kawai, Y. and Yamaha, H. ;  Jpn. Kokai Tokkyo Ko/10 JP I / ,  / 99, 464 [99, / 99, 

464} (Cl. A6IK7/48) 27 Jul ( 1 999); C.A., 13 1 ,  1 20608. 
Konishi, Y., Azumaya, J., 1-Iorikawa, K. and Nakatani, N.; J. N11t1: Sci. Vita111i11ol., 38, 2 1 5  

( 1 992). 
Konishi, Y., Fumita, Y. , Ikeda, K., Okuno, K. and Fuwa, 1-1 . ;  Agric. Biol. Chem. , 49, 1 453 

( 1 985a). 
Konishi, Y., 1-lorikawa, K., Oku, Y. , Azumaya, J. and Nakatani, N. ; Agric. Biol. Chem., 55, 

1 745 ( 1 99 1 ). 
Konishi, Y., Noj ima, 1-1 . ,  Okuno, K., Asaoka, M .  and Fuwa, 1-1 . ;  Agric. Biol. Chem. , 49, 1 965 

( 1 985b). 
Koppitz, 1-1 . ,  Kiihl, H and Kohl, J .-G.; Folia Geobotanika, 35, 3 89 (2000). 
Koshino, H . ,  Masaoka, Y. and l chihara, A.; Phytochemist1y, 33, I 075 ( 1 993). 
Kosikova, B., Ebringerova, A. and Naran, R.; Holz.fors/11111g, 53, 33 ( 1 999); C.A., 130, 1 65557. 
Kotmire, S.Y. and Bhosale, L.J. ;  Indian J. Mw: Sci. , 9(4), 299 ( 1 980); C.A. , 94, 44 1 07. 
Kouda-Bonafos, M., Czyzewska, E., Nacro, M. and Oehlschlager, A.C.; J. Chem. Ecol., 20, 

2 1 23 ( 1 994). 
Koupai-Abyazani, M .R. ,  McCallum, J . ,  Muir, A.D., Lees, G.L. ,  Bohm, B.A., Towers, G.H.N. 

and Gruber, M .Y.; J. Agric. Food Chem. , 4 1 , 565 ( 1 993) .  
Kovacs, M. ,  Penksza, K., Turcsayi, G. ,  Kaszab, L. and Otvos, E. ;  Acta. Bot. Hung. , 39( 1 -2), 

3( 1 995); C.A. , 124, 82 1 2 1 .  
Kovaleva, A.M. ,  Kovaleva, V.N. and Shestko, I .E.; Khim. Pri,: Soedin. 778 ( 1 986); C.A., 

106, 1 35322. 
Kovaleva, V.N. and Kovaleva, A.M.;  Khim Pri,: Soedin., 778 ( 1 986); C.A., 1 06, 1 3533 1 .  
Kovtunyk, J.M ., Gui 'chii ,  A.M. and Voloshchuk, N.M. ;  Visn. Sil 'skogospod. Nauki, ( 1 2), 30 

( 1 976); C.A., 86, 88 1 77. 
Kowalczyk, J.; Int. Grassl. Cong,: (Proc.), I 31

" 1 977), (Wojahn, E. and Thoens, H . ,  eds.), 
Akad.-Verlag, Berlin, 2, I 007 ( 1 980); C.A . ,  94, 207708. 

Kramer, N.W.;  "Cereal as Food and Feed", Westport, Conn. :  AVI Publishing Co. Inc. ( 1 959). 
Knme, C.N.; East A.fi: Agric. Fa,: J. , 40( 1 ), 89 ( 1 974); C.A., 83, 56946. 
Kravtchenko, T.P. ; Spec. Publ.-Royal Soc. Chem., 2 I 8 (Gums and Stabilizers for the Food 

lndustlJ' 9), 4 1 3  ( 1 998); C.A., 1 29, 2594 1 8 . 
Krebsky, E.O ., Genuns, J .M.C. and De Proft, M.; Phytochemis!JJ', 43, 747( 1 996). 
Krejsa, 8 .8 . ,  Rouquette, F.M. ,  Jr., Molt, E.C., Camp, B.J .  and Nelson,L.R.;  Agron. J. , 79, 

266 ( 1 987). 
Krejsa, 8 .8. ;  Agron. J. , 76, 1 57 ( 1 984). 
Krishchenko, VP., Ro tar, A.I . ,  Zadnipryanyi, Yu.F., Kosorukov, M.L., Pratov, U. and Anofrina, 

N.D.; lzv. Timi1J1azevsk. S-kh. Akad., (4), 38 ( 1 984); C.A., 1 0 1 ,  1 47846. 
Krishna, P.V.G., Rao, E.V. and Rao, D.V. ;  Planta Medica. ,  27, 395 ( 1 975). 
Krishnakumari, S. and Thayumanavan, B . ;  Plant foods for Human Nutrition, 48, 327 ( 1 995). 
Krishnan, S.S. , Cancil la, A. and Jervis, R.E. ;  Sci. Total Environ., 68, 267 ( 1 988); C.A., 108, 

1 37274. 
Krishnaveni, S. ,  Balasubramanian, T. and Sadasivam, S. ;  Food Chem., 1 5, 229 ( 1 984); C.A., 

1 02, 2 1 257 . 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 645 

Kritchevsky, D., Tepper, S.A. and Klurfcld, D.M. ;  Arte,y, 303 ( 1 995); 8.A., 101(  I 0), 1 47456. 
Krueger, C.R., H amilton, R.I. ,  Scholl, J.M .  and Baumgardt, B.R. ;  Agron. J., 61 ,  659 ( 1 969). 
Krzymanski, J. and Downey, R.K.;  Can. J. Plant Sci. , 49, 31 3 ( 1 969). 
Krzywiecki, S., Orda, J. and Szyskowska, Zes::.. Prob/. Postepow Nauk Roln. ,  257, 1 85 ( 1 984); 

C.A. , 102, 59420. 
Krzywiecki, S. ; Rocz. Nauk Roln. , Se,: A., 1 04(1 ), 54 (1 979); C.A., 92, 1 96637. 
Kshetrapal, S. and Goel, M . ;  J. Phytological Res. ,  2( I), 1 1 7 ( 1 989). 
Kuang, 1-1 . ,  Zhang. N., Tian, Z. , Zhang, P. , Okada, Y. and Okuyama, T. ; Nat. Med. (Tol,yo), 

5 1 (4), 358 (1 997); C.A., 1 28, 32373. 
Kuang, J., Gaff, D.F., Gianello, R.D. ,  Blomstedt, C.K., Neale,A.D. and Hamill, J.D.; Aust. J. 

Plant Physiol., 22, 1 027 (1 995); B.A., 1 0 1 ,  55573. 
Kubato, S. ; Trans. 9'". Cong,: Far East Assoc. Trap. Med. , 2, 639 ( 1 935); C.A ., 3 1 ,  7599. 
Kubota, K., N ishizono, 1 - 1 . ,  Suzuki, S. and Ishii, F.; Plant Cell Physiol. ,  29, I 029 ( 1 988); 

C.A. , 109, 2083 19. 
Kucherov, E.V. and Mikhailova, T.P. ; Ras/it. Resw: , 14(2), 255 ( 1 978); C.A. , 89, 4846. 
Kudlicki, W., Picking, W.D., Kramer, G., Hardesty, B., Smailov, S.K., Muchamedzhanov 

B.G. , Lee. A.V., Shigaeva, A.M.  and lskakov, B.Y.; IZV Akad. Nauk Resp. Kaz. ,  
Se,: Biol.,(4), 3 (1 992); C.A. , 1 1 8, 25 1 5 1 0. 

Kuehl, 1-1 . and Kohl, J.G.; Hydrobiologia, 251( 1 -3), I (1 993); C.A., 1 1 9, 79576. 
Kufel, I. and Kufel, L. ;  Bull. A cad. Pol. Sci. , Serv. Sci. Biol., 28, 563 (1 980); C.A., 95, 1 14078. 
Kufel, I. : Bull. Acad. Pol. Sci., Se,: Sci. Biol., 26, 765 ( 1 978). 
Kufel, I. ; Aquat. Bot., 40(3), 275 ( 199 1  ); C.A., 1 1 5, 203405. 
Kuiper, D. and Kuiper, P.J.C.; Physiol. Plant., 44, 81 ( 1 978). 
Kul' pina, T.G., Vysochina, G. l .  and Berezovskaya, T.P. ;  Khim. Pri1: Soedin. , 5 1 1 ( 1 986); 

C.A., 1 06, 81 533. 
Kull, D.R. and Pfander, H . ;  J. Agric. Food Chem. , 45, 4201 (1 997). 
Kumai, S., Hattori, I . ,  Fukumi, R., Bayorbor, T.B. and Takizawa, T. ; Grassland Sci., 41 (3), 

21 2 ( 1 995); B.A . , 1 0 1 ,  1 68695. 
Kumar, A. and Arya, H .C. ;  Cun: Sci., 47, 633 ( 1 978). 
Kumar, A., Shamshery, A.P. and Kumar, P. ; Comp. Physiol. Ecol. , 5(2), 98 ( 1980); C.A. , 93, 

2 1 79 1 9. 
Kumar, K.K. and Parameswaran, K.P.; J. Sci. Food Agric. ,  77, 535 ( 1 998). 
Kumar, S. and Garg, M .C. ;  Indian J. Anim. Nutr., 12( 1 ), 59 ( 1 995); B.A. , 1 0 1 ,  1 52703. 
Kumaresan, A., Mshelia, T. and Aliu, Y.O.; Anim. Feed Sci. Tec/11101., 1 1 ( 1  ), 45 ( 1 984); C.A. , 

101 ,  53634. 
Kuo,Y.-C., Sun, C.-M., Ou, J.-C. and Tsai, W. -J.; life Sci., 61 ,  2335 (1 997); C.A., 1 28, 70374. 
Kure in, M .S. and Subrahmanyan, V. ; Food Sci., 1 0, 3 ( 1 96 1  ); C.A ., 55, 1 793 I h .  
Kurein, S. ,  Narayanaswamy, D., Daniel, VA., Swaminathan, M . ,  Rajalkshmi, D. and Parpia, 

H .A.B. ;  Nut,: Rep. Int. , 3, 357 (1 971 ); C.A., 75, 46 1 69. 
Kurtz, E.B. ,  Jr. ; J. Am. Oil Che11i. Soc., 35, 465 ( 1 958). 
Kuruzuum, A. and Demirezer, L.O.; FABAD Farm. Bilimler Derg., 22(2), 79 ( 1 997);  C.A.,  

1 28, 202984. 
Kuzmicky, 0.0. and Kohler, G.O.; Poult. Sci. , 56, 1 5 1 0  ( 1 977). 
Kvet, J.; Hydrobiologii, 20, 1 37 ( 1 973). 



646 Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Kwon, S.-Y, An, C.S. Liu, J .R. and Pack, K.-H.; Biosci. , Biotec/1110/. Biochem. ,  6 1 ,  1 6 1 3  
( 1 997); CA. , 1 27, 31 681 1 .  

Kynnyzygucl. S., Gocrcn, N., Yang, S.-W., Cordel l ,  G.A. and Bozok-Johansson, C.; .I. Nat. 
Prod. , 60, 3 78 ( 1 997). 

Labbe, C. ,  Faini, F., Coll, J. and Connol ly, J .D., Phytoc'1emist1:v, 42, 1 299 ( 1 996). 
Ladha, K.S. and Jol ly, C.I.; Indian Drugs, 22, 499 ( 1 985); CA., 1 03, 1 38579. 
Ladizinsky, G.; Plant Syst. Eva/. , 133( 1 -2), 87 ( 1 979); CA. ,  92 , 1 24986. 
Lai, C.C. and Varriano-Marston, E.; Cereal Chem., 57, 27 1 ( 1 980a). 
Lai, C.C. and Varriano-Marston, E.; Cereal C'1em., 57, 275 ( 1 980b). 
Lai, J.S., Huang, K.F. and Yang, C.H.; Sci. Conf Asian Soc. Cosmet. Sci., 3"1, 25 ( 1 997); 

CA., 1 27, 1 952 1 9. 
Laidlaw, R.A. and Percival, E.G. V.; J. Chem. Soc., 1 600 ( 1 949). 
Laidlaw, R.A. and Percival, E.G.Y. ;  J. Chem. Soc., 528 ( 1 950). 
Lakshminarayana, G., Pantulu, A.J.  and Rao, K.S. ;  J. Agric. Food C'1em. ,  32, 1 36 1  ( 1 984). 
Lam, T.B.T., l iyama, K. and Stone, B.A.; J. Sci. Food Agric., 7 1 ,  1 74 ( 1 996). 
Lamaison, L.J., Petitjean-Freytet, C. and Camat, A. ; Plant. Med. P'1ytothe1:, 26, 1 30 ( 1 993). 
Landej i, 0. and Okoye, Z.S.C.; Food C'1em. ,  48, 205 ( 1 993); CA., 1 19, 224740. 
Langlands, J .P., Bowles, J .E. and Donald, G.E.;  Aust. Agric. Res., 30, 565 ( 1 979); CA., 9 1 ,  

73597. 
Lanning, F.C. and Eleuterius, L.N.; Ann. Bot., 56, 1 57 ( 1 985); CA, I 03, 1 38604.  
Lanning, F.C. ;  Bull. Torrey; Bot. Club, 99(4), 1 96 ( 1 972); CA., 78, 145 1 77. 
Lanoue, K.Z., Wolf, P.G., Browning, S. and Hood, E.E. ;  Theo,: Appl. Genet., 93(5-6), 722 

( 1 996); CA. , 1 26, 4750. 
Laredo C.M.A. and Cuesta P.A.; Rev. Inst. Colomb. Agropecu. , 1 9(1), 1 4 1  ( 1 984); CA., 1 02, 

1 30698. 
Laredo C.M.A., Anzola, Y.H.  and Ardila, G.A.; Rev. Inst. Colomb. Agropecu, 1 8(4), 269 

(1983); CA., 10 1 ,  229338. 
Laredo, C.M.A. and Ardila, A.; Rev. Inst. Colomb. Agropecu, 19(1 ), 1 3 1 ( 1 984); CA., 1 02, 

147776. 
Larher, F. and Hamelin, J .; P'1ytoche111is11:v, 14, 205 ( 1 975). 
Larherm F., Jolivet, Y., Briens, M. and Goas, M.; Plant Sci. Lett. ,  24(2), 201 ( 1 982); CA., 

96, 1 01 050. 
Lascurain, R., Porras, F., Baez, R., Chavez, R., Martinez-Cairo, S., Alvarez, G. and Zenteno, 

E.; 111111111110/. Invest., 26, 579 ( 1 997); CA. , 128. 60696. 
Laserna, G. , Buenaventura, J.S. and Maranon, J.; P'1ilippine J. Sci. , 89(2), 173 ( 1 960); CA. , 

62, 15673e. 
L·sztity, R.; Food Rev. Int., 14, 99 (1998). 
Laughlin,  W.M., Smith, G.R. and Peters, M.A.; Co1111111111. Soil Sci. Plant Anal., 1 2, 299 

( 1 98 1 ); CA. , 95, 5722. 
Lavaud, C., Voutquenne, L., Bal, P. and Pouny, I.; Fitoterapia, 71 ,  338(2000). 
Lavezzo, W., Gutierrez, L.C., Silveria, A.C., Mendes, O.E.N. and Goncalez, D.A.; Rev. Soc. 

Bras. Zootec., 12( 1 ), 1 63 ( 1 983); CA., 101, 3737 1 . 



Chemical Constituent<; and Nutritive Values of Range Plants in Qatar 

Lavrenic ,  A., Stefanon, 8. and Susmel, P.; A11i111al Sci, 64, 423 ( 1997). 
Law, A.T.; Pertanika, 1 (I), 51 ( 1978); C.A ., 90, 21245. 

647 

Law, K.N., Kokta, B.V. and Mao, C.B . ;  Bioresow: Tec/1110/. , 77, I (2001). 
Lawanson, A.O. , Aysire, B .E. and l kusebiala, S.F.; Turrialba, 41(3), 321 (1991); C.A., 120, 

75975. 
Layug, D. V., Ohshima, M., Yokota, H . ,  Nagatomo, T. and Ostrowski -Meissner, 1-1.T.; Grassl. 

Sci. , 41 , 287 (1996); C.A. , 1 24. 23053 1. 
Le HouErou, 1-1. N. ; in " Browse in Africa, the Current State of Knowledge" (Le Houerou, 

H .N. ,  ed. ), Addis Ababa: International Livestock Centre for Africa, 261 ( 1980). 
Lebedev-Kosov, V.I. Bykov, V.I. and Glyzin, V.I., Khim. Pri,: Soedin, (2), 266 ( 1978); C.A ., 

89, 103712. 
Lebedev-Kosov, V.I. ;  Khim. Pri,: Soedin. ,  (2), 240 (1981); C.A., 95, 39092. 
Lebedev-Kosov, V.I. ; Rastit. Resw·., 16 (3), 403 ( 1980); C.A., 93, 164343. 
Lebedev-Kosov, V.I.; Vop,: Farm. Dal 'nem Vostoke, 2, 54 (1977); C.A., 90, 164760. 
Lebreton, P. and Bouchez, M.P.; Phytochemisfly, 6, 160 I ( 1967) .  
Lee, 8 .H. ,  Choi, 8.Y., Ryu, G .S., Lee, E.S. ,  Kang, K.J., Hwang, O.Y. and H ong, N.D. ;  

Hakhoec/1i, 28(4), 167 (1997a); C. A., 128, 306212. 
Lee, G.L . ,  H inks, C.F. and Suttill, N.H . ;  J. Sci. Food Agric. ,  65, 415 (I 994). 
Lee, J., Harris, P.M., Sinclair, B .R. and Treloar, B .P. ;  Aust. J. Agric. Res., 46, I 587(1995a). 
Lee, K.H., Lee, H . -J . ,  Park, H .11, Hong, E.-O. and Song, K. -S. ;  Yak/,ak Hoechi, 41 (2), 153 

(1997b); C. A. , 1 27, 70669. 
Lee, S.-H., Lin, 8.-F. and Chen, K.C. -S. ; The Chinese Phann. J. , 47, 511 (1995b). 
Lee, S.-H ., Lin, 8.-F. and Liu, K. C.; Phytochemisfly. , 43, 847 (1996). 
Lee, T.-H. and Chou, C.-H . ;  J. Chin. Chem. Soc. (Taipei), 47, 1287 (2000); C.A., 134, 234366. 
Lee, T.-H. ,  Qiu, F. , Waller, G.R. and Chou, C.-H.; J. Nat. Prod., 63, 710 (2000). 
Lees, G.L . ,  H incks, C.F. and Suttil, N.H . ;  J. Sci. Food Agric., 65, 415 (1994). 
Lehmann, J. W., Putnam, D.H. and Qureshi, A.A.; lipids, 29(3 ), 177 (1994). 
Lei, L., Yang, F., Zhang, T., Tu, P., Wu, L. and Ito, Y. ; J. chromatogr., A, 912, 181 (2001). 
Leigh, J.H . ;  Exp. Agric. ,  3, 327 (1967). 
Leigh, J .H. ;  J. Brit. Grassl. Soc. ,  1 6, 135 (1961). 
Lein hos, V. and Bergmann, H . ;  Angewandte Botanik, 69(5-6), 206 ( 1995); B.A. , 101 ,  134520. 
Lenssen, A.W.,  Martin, S.S., Townsend, C.E. and Hawkins, B ;  Phytoc/1emishy, 36, 1185 

(1994).  
Lester, R.N. and Bekele, E. ;  Cereal Chem., 58,  113 (1981). 
Leu, R.W., Herriott, M.J. and Worley, D.S.; Jmmunobiology (Stuttgart), 169, 250 (1985); 

C.A. , 103, 52582. 
Leung, A. and Mo, Z. ;  Zhongguo Yaolixue Tongbao, 12(2), 126 (1996). C.A., 125, 317100. 
Levashova, I .G .  and Zhdanova, V.P.; Khim. Pri,: Soedin. ,  551 (I 990); C.A., 1 14, 98273 . 
Levchishina, R.V. and Dudkin, M.S.; Materially Vses. Konf. po Prob/. "Khim. i Ohmen 

Uglevodov", 3111, Moscow 1963. 137 (1965); C.A., 65, 2520d. 
Lewis, C.E. and McCormick, W.C.; J. Range Manage., 24, 334 (1971). 
Lewis, D .H. ;  New Phytol. , 1 24, 583 (1993). 
Lewis, O.A.M., Shanley, B .M.G. and Hennessy, E.F. ;  Proteins Food Supply Repub. S. Aji: ,  

Pap. Int. Symp. 1968, 95 (1971); C.A. , 78, 134806. 

- �-- - - --- - -- - �- - -----



648 Al-Easa, H.S; Rizk, A.M. ; Abdel-Bari, E.M. 

Lewis, W.1-1. and Elvin-Lewis, M.P.F.; Medical Botany, John Wi ley & Sons, New York, London 
(1 977). 

Lexander, K., Carlsson, R., Chalen, V., Simonsson, A. and Lundborg. T.; Ann. Appl. Biol. , 
66, 1 93 ( 1 970). 

Li, C.J . ,  Elgamal, M. 1-1 ., Shaker, K.1-1 . ,  Ahmed, A.A. and Mabry, T.J.; Nat. Prod. Lett., 8, 281 
(1 996). 

Li, D., Ge, 1-1 . ,  Tai, J . ,  Zhang, G. and Song, Y.; Zhongguo Mianyixue Za=f1i, 13(5), 296 ( 1 997); 
C.A. , 129, 202052. 

Li, J. and Lin, M.; Zhongcaoyao, 24(3), 1 1 5 (1 993); C.A., 119, 91 252. 
Li, K.-L., Shen, X.-W., Zheng, S.-Z. and Lu, J .-S. ;  Xibei Shij<111 Daxue Xuebao, Zirnn 

Kexueban, 35(3), 65 (1 999); C.A., 132, 1 05290. 
Li, X., Kel laway, R.C., Stimson, C., Ison, R.L. and Annison, G.; "Proc. Int. Co,!f: Near 

bifi·ared Spectroscopy " ,611, Meeting 1 994, 487 (Batten, G.D., ed.), Near Infrared 
spectroscopy Group: North Melbourne, Austral ia ( 1 995). 

Li, Z., Liang, Y., Yu, Y. , Huang, S., Gao, H. and Deng, T.; Zhongcaoyao, 16, 543 ( 1 985); 
C.A., 104, 1 06274. 

Lia-8., M. and Guittoneau, G.-G.; Acta. Bot. GalliC<1, 142( I), 3 1  ( 1 995); C.A. , 124, 2305 3 1 .  
Liew, Y.W. and Bird, G.W.G. ; Vox Sang, 54, 226 (1 986); C.A. , 109, 5285. 
Likhonos, E.F. and Korol ' kov, I. I . ;  Sb. Ti: Vses. Nauc/111. - lssled. Inst. Gidrolizen. i Sul '.fitno-

Spirt. Prom., 13, 47 (1 965); C.A., 66, 1 2099. 
Lin, J.H. and Lin M .-F. ; Yaowy Shipin Fexi., 5(4), 347 (1 997); C.A. , 1 28, 2682 1 3. 
Lin, L.-C., Kuo, Y.-C. and Chou, C.-J.; Planta Med. , 66, 333 (2000). 
Lin, M.H. and Hsu, Y.; T'ai-wan Yao Hsueh Tsa Chih, 39(1 ), 42 ( 1 987); C.A., 1 09, 1 66 1 5 .  
Lineback, D.R. and Ponpipom, S.; Die St%orke, 29, 52 ( 1 978). 
Lis-Balchin, M. ;  J. Essent. Oil Res. , 5, 31 7 ( 1 993). 
Little, D.A.; J. Agric. Sci. ,  1 08, 231 ( 1 987). 
Liu, B. and Lu. W.; Yaowu Fenzi Zazhi., 1 8(2), 80 ( 1 998a); C.A ., 1 29, 1 27245. 
Liu, B. and Lu. Y.; Zhongguo Yao.rue Zazhi., 33, 587 (1 998b); C.A ., 130, 1 7991 9. 
Liu, F., Liao, H. and Zhu, X. ;  Zhongcaoyao, 16(1), 48 (1 985); C.A., 103, 1 1 305. 
Liu, F.; Zhongyao Tongboa., 1 1 , 5 1 5 (1 986); C.A., 1 05, 206243. 
Liu, J., Wang, D. and Zheng, S.; ldic111 J. Heterocycl. Chem., 9( I), 69 (1 999); C.A. , 132, 

1 63449. 
Liu, L., Howe, P., Zhou, Y.-F., Xu, Z.-Q., Hocart, C. and Zhang, R.; J. Chro111atog1: , A. , 893, 

207 (2000). 
Liu, P., Guo, Z., An, Q., Jin, B. and Wu, Z.; Fenxi Ceshi Xuebao. ,  14(5), 70 (1 995b); C.A., 

1 24, 2875 35. 
Liu, Q., Chen, Y., Wang, J . ,  Chen, X. and Han, Y.; Zhongguo Zhongyao Zazhi., 20, 427 

( 1 995a); C. A., 1 24, 1 93663. 
Liu, S.Y., Sporer, F., Wink, M., Jourdane, J . ,  Henning, R., Li, Y.L. and Ruppel, A.; Ti-op. 

Med. Int. Health, 2(2), 1 79 ( 1 997); C.A. , 1 26, 222823. 
Liu, X., Maeda, S., Hu, Z., Aiuchi, T., Nakaya,, K. and Kurichara, Y. ; Ew: J. Biochem. , 2 1 1 ,  

281 (1 993); C.A. , 1 1 9, 1 1 1 549. 
Liu, Y., Liu, W. and Li, Z.; Zhongcaoyao, 18(7), 3 1 2 (1 987); C.A., 1 07, 1 68533. 
Livingston, D.P. , Chatterton, N.J .  and Harrison, P.A. ; New Phytol. , 1 23, 725 ( 1 993). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 

Livingston, D.P. ; Crop Sci., 3 1 ,  75 1 ( 1 99 1  ) . 
Lochte-Watson, K.R. and Weller, C. L. ; Appl. Enginee,: in Agric., 1 6, 253 (2000). 
Lochte-Watson, K.R. and Weller, C.L.; Appl. Enginee,: in Agric., 1 5, 69 ( 1 999). 
Lolas, G .M. ,  Palambidis, N. and Markakis, P. ; Cereal chem., 53, 867 (1 976). 
Lomanite, S. ; J. Ind. Eng. Chem., 7, 220 ( 1 9 1 5); CA., 9, 943. 

649 

Long, C., Moul is, C., Stanislas, E. and Fouraste, I.; J. Pharm. Belg., 50, 484 ( 1 995); CA., 
1 24, 50695. 

Long, K.R., Kalmbacher, R .S. and Martin, F.G.; ./. Range Manage., 39, 389 ( 1 986a). 
Long, K.R., Kalmbacher, R .S. and Martin, F.G. ;  J. Range Manage., 39, 51 8 ( 1 986b). 
Lopez, R.R. ,  Lopez, P.L., Chavez, M .A. and Macapagal, I. P.; Philipp. J. Vet. Anim. Sci., 4(2), 

55 ( 1 978); CA., 92, 74629. 
Lorenz, K. and Collins, F. ; Starch/ St%orke, 33, 1 49 ( 1 981  ) . 
Lorenz, K. and Dilsaver, W. ; Cereal Chem., 57, 1 6  ( 1 980a). 
Lorenz, K. and Dilsaver, W.; Cereal Chem., 57, 21 ( 1 980b). 
Lorenz, K. and Hinze, G.; J. Agric. Food Chem., 24, 9 1 1  ( 1 976). 
Lorenz, K. and Hwang, Y.S. ; Cereal Chem., 63, 387 ( 1 986). 
Lorenz, K. and Hwang, Y.S. ; Nut,: Rep. Int., 3 1 ,  83 ( 1 985). 
Lorenz, K. ,  MacFarland, G. and Hinze, G.; Lebensm.-Wiss. U. Tee/mo/., 9, 357 ( 1 976). 
Lorenz, K.; Cereal Chem., 60, 424 ( 1 983). 
Lotti, G . ,  Paradossi, C. and Marchini, F.; La Rivista de/la Societa lta/iana di Scienza 

dell 'A/imentazione, 14( 4 ), 263 ( 1 985). 
Louveaux, A., Jay, M. ,  EI-Hadi, O.T.M. and Roux, G.; J. Chem. Ecol., 24, 1 465 ( 1 998). 
Lu, S., Deng, P. , Liu, X. ,  Luo, J . ,  Han, R., Gu, X. ,  Liang, S., Wang , X. ,  Li, F., Lozanov, V., 

Patthy, A. and Pongor, S.; J. Biol. Chem., 274, 20473 ( 1 999). 
Lu, T.T. and Polyakov, A.E.; Bumazh. Prom., 34(5), 24 ( 1 959). 
Luis, E.S., Sul l ivan, T. W. and Nelson, L.A.; Pou/II)' Sci., 61 ,  31 1 ( 1 982a). 
Luis, E.S., Sul l ivan, T. W. and Nelson, L.A.; Poult1:v Sci., 61 ,  32 1 ( 1 982b ). 
Lukasiak, H . ;  Zesz. Nauk. Uniw. Lodz., Sev. 2(47), 89 ( 1 972); CA., 77, 1 37393. 
Lukoshko, E .S., Bambalov, N.N., Kmkovskaya, L.A. and Smychnik, T.P.; Khim. Drev., (2) 

40 ( 1 982); CA., 96, 20 1 449. 
Lund, Z.F. and Doss, B.D.; Agron. J., 72, 1 23 ( 1 980); CA., 92, 1 45735. 
Luo, Q., Yan, J. and Zhang, S. ; Weisheng Yanjiu, 29(2), 1 1 5 (2000); CA., 133, 276255. 
Luo, S., Gu, Y. and Liu, Y. ; Zhongyao Tongbao, 1 1 , 681 ( 1 986); CA., 106, 64356. 
Lyashenko, S.S. ; Trudov Vyssh. Farm. Ucheb. Zavedenii, Uk,: S.S.R., 21 6 ( 1 956); CA., 53, 

20659. 
Lyubeznov, Yu.E., Gaipova, A.P. , Dementicva, T.T. , Baratkulieva, G.K.H. and Khlopnikova, 

C.V.; lzv. Akad. Nauk Turkm., (3), 55 ( 1 995); CA., 125, 1 8397. 
Ma, C., J ia, S.S. , Sun T. and Zhang, Y.W. ; Ycwxue Xuebao, 28(2), 1 52 ( 1 993); CA., 119, 

2461 6. 
Ma, C., Miyashiro, H ., Hattori, M .  and Shimotohno, K. ;  Wakan Jyak11gak11 Zasshi, 12 , 4 1 8  

( 1 995); CA., 125, 25657. 
Ma, C., Nakamura, M. ,  Miyashiro, H., Hattori, M .  and Shimotohno, K.; Phytothe1: Res., 12,  

S l 38 ( 1 998c). 
Ma, C., Nakamura, N., Miyashiro, H., Hattori, M .  and Shimotohno, K. ; Chem. Phann. Bull. , 

47, 1 41 ( 1 999). 



650 Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Ma, J . ,  Wang, Z., Oi, S. , Xu, L. and Xu, G.; Z'1011gg110 Yaoke Daxue Xuebao., 29(3), 1 67 
( 1 998a); C.A. , 1 29, 242486. 

Ma, J . ,  Wang, Z., Xu, L . ,  Xu, G. and Wang, Y. ; Zl1011gg110 Yaoke Daxue Xuebao., 29(2), 94 
( 1 998b); C.A. ,  1 29, 1 201 06 .. 

Mabberley, D.J .; The Plant Book, Cambridge Univ. Press ( 1 993). 
MacArthur, L.A. and D' Appolonia, B.L.; Cereal chem. , 56, 455 ( 1 979). 
Macia, F.A., Simonet, A.M.,Galindo, J .C.G. Pacheco, P.C. and Sanchez, J.A.; Phytoche111islly, 

49, 709 ( 1 998). 
Macias, F.A., Simonet, A.M. and Esteban, M.D. ; Phytoche111isl1J', 36, 1 369 ( 1 994). 
Macias, F.A., Simonet, A.M. and Galindo, J.C.G.; J. Chem. Ecol., 23, 1 781  ( 1 997). 
Macias, F.A., Simonet, A. M., Esteban, M.D. and Galindo, J .C.G.; Phytoche111ist1y, 41 ,  1 573 

( 1 996). 
Mackenzie, S.L., Giblin, E.M., Barton, D.L., McFerson, J.R., Tenaschuk, D. and Taylor, 

D.C.; Physiol. , Bioche111. Mo/. Biol. Plant Lipids, [Proc. 1111. Symp. Plant Lipids}, 
1 2'" , 3 1 9, (Wil l iams, J .P., Khan, M.U. and Lem. N.R. eds.), Kluwer: Dordrech, 
Netherlands ( 1 997). 

Madesen, N.P. and Hegarty, M.P.; Biocliem. Pliarmacol., 1 9, 23 91 ( 1 970). 
Madesen, N.P. ,  Christie, G.S. and Hegarty, M.P.; Bioche111. Plwr111acol., 1 9, 853 ( 1 970). 
Maestri, D. M., Labuckas, D.O., Lamarque, A.L., Zygadlo, J .A., Grosso, N.R., Martinez M.J. 

and Guzman, C.A.; J. Sci. Food Agric., 70, 334 ( 1 996). 
Magnolato, D., Gujer, R. and Self, R. ; Bull. Liaison-Groupe Polyphe110/s, 1 3, 5 1 3  ( 1 986); 

C.A., 1 08, 34776. 
Maguina, J .R., P ineda, M.J., Gil, A. and Gomez G., F.; Rev. 111st. Co/0111b. Agropecu, 9(4), 

477 ( 1 974); C.A., 85, 3 1 775. 
Maguina, V.L . ;  A1111a/esfac. Far111.y biqulm., Univ. nae/. mayor San Marcos (Li111a, Peru). 2, 

1 2 1  ( 1 95 1 ); C.A., 48, 4777d. 
Mahadevan, Y., Gupta, P.S. and Jayal, M.M.; J11dia11 Vet. J. , 39, 1 9 1 ( 1 962); C.A., 57, 1 4253b. 
Mahadevappa, Y.G. and Raina, P.L.; J. Am. Oil Chem. Soc., 55, 647 ( 1 978). 
Mahalakshmi, Y., Subramanian, Y., Ridinger, F.R. and Jambunathan, R. ; J. Sci. Food Agne. , 

36, 1 33 7  ( 1 985). 
Mahasneh, A.M., Abbas, J .A. and EI-Oqlah, A.A.; Pliytotl,e1: Res. 10, 251 ( 1 996) . 
Mahato, S.B.; Adv. Exp. Med. Biol., 404 (Sapo11i11s Used in Traditional a11d Modern Medicine), 

1 73 ( 1 996); C.A., 1 26, 290672. 
Maher, S.M.A, Valhari, M.U. and Khatri, L.M.; Pak. J. Sci. Ind. Res. , 38, 91 ( 1 995). 
Mahmood, K. and Malik, A.; Environ. & Exp. Bot., 27, 1 1 9 ( 1 987). 
Mahmoud, I.I .  and AI-Kofahi, A.S.; Int. J. Pliar111acogn., 30, 1 97 ( 1 992). 
Mahmoud, M.J., Jawad, A.L.M., Hussain, A.M., AI-Omari, M. and AI-Naib, A. ; /111. J. Crude 

Drug Res., 27, 1 4  ( 1 989). 
Mahmoud, Z., EI-Masry, S., Amer, M., Ziesche, J. and Grenz, M.; Phytchemi�IIJ', 23, 1 1 05 

( 1 984). 
Mahmoud, Z.F., Kassem, F.F., Abdel-Salam, N.A. and Zdero, C. Pliytche111islly, 25, 747 

( 1 986) 
Mahmout, Y., Bcssicre, J.-M. and Dolmazon, R.; J. Soc. Ouest-Afi: Chim., 2(4) I ( 1 997); 

C.A. , 1 29, 3 06288. 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 65 1 

Mahran, G.H., Glombitza, K.W., Mirhorm, Y.W., Harmann, R. and Michel, C.G.; Planta 
Med. , 62, 1 60 ( 1 996). 

Maier, U. 1-1 . ,  Gundlach, 1-1 . and Zenk, M. 1-1 . ;  Phytche111isl1J', 49, 1 791 ( 1 998). 
Maiti, S. , Biswas, T.K. and Chatterjee, B .N . ;  Forage Res. ,  3(1 ), 1 9  ( 1 977); C.A., 88, 21 306. 
Majak, R. ,  McOiarmid, R.E. and Bose, R.J . ;  Phytochemislly, 17, 301 ( 1 978). 
Majak, W. and Bose, R.; Phytoc/1emist1y, 16, 749 ( 1 977). 
Majak, W. and Clark, L.J . ;  Can. J. Anim. Sci., 60, 699 ( 1 980) . 
Majak, W., Chang, K.J. and Hall, J .W.; J. Anim. Sci. , 62, 1 072 ( 1 986). 
Majak, W., Udenbderg, T., McOiarmid, R.E. and Oouwes, H . ;  Can. J. Anim. Sci., 61 ,  639 

( 1 981  ) .  
Majnarich, J .J . ;  U.S.3, 420, 935 (Cl. 424-195; A61K, C07g) 07  Jan 1969; C.A., 71,  1 05203 

( 1 969). 
Majumdar, S.G.  and Patra, G . ;  J. Indian Chem. Soc., 56, 1 1 1  ( 1 979); C.A. , 91 ,  1 0521 4. 
Majumdar, S.G. ,  Ghosh, P. and Thakur, S.; Indian J. Chem. , Sect. B., 20B, 632 ( 1 981 ); C.A., 

95, 1 1 1 780. 
Makarenko, N.G. and Oeineko, E.V.; lzv. Sib. Otd. Akad. Nauk SSSR, Se,: Biol. Nauk,(3), 32 

( 1 986); C.A. , 107, 20803. 
Makboul, M .A., EI-Shanawany, M .A. and Abdel-Baky, A.M .; Bull. Phann. Sci., Assiut Univ. , 

7(2), 380 ( 1 984). 
Malan, E. and Pienaar, O.H. ;  Phytochemisl/JJ, 26, 2049 ( 1 987). 
Malcolm, C.V.; Reel. & Reveg. Res., 5, 343 ( 1 986). 
Maldoni, B.E.; An. Asoc. Qui111. Argent., 87(1-2), 51 ( 1 999); C.A. ,  132, 90764. 
Maldoni, B.E. ;  Fitoterapia, 64, 470 ( 1 993). 
Maldoni, B.E. ;  Rev. Latinoam. Quim. ,  15(2), 84 ( 1 984); C.A., 10 1 ,  1 26936. 
Malhotra, S. and Misra, K. ;  Cun: Sci., 52, 583 ( 1 983b); C.A., 99, 1 1 93 1 0. 
Malhotra, S. and Misra, K.; Phytochemisfly, 20, 2043 ( 1 98 1  b). 
Malhotra, S. and M isra, K.; Phytochemistly, 20, 2439 ( 1 981 c). 
Malhotra, S. and M isra, K.; Phytochemislly, 20, 860 ( 1 98 1  a) .  
Malhotra, S. and Misra, K.; Planta Med., 47, 46 ( 1 983a). 
Malik, A., Kuliev, Z.A., Akhmedov, U.A., Vodvin, A.O. and Abdullaev, N.O. ;  Chem. Nat. 

Compel. (Trensl. of Khim. Pri1: Soedin. ), 33(2), 1 74 ( 1 997b); C.A. , 1 28, 99842. 
Malik, A., Kuliev, Z.A., Akhmedov, Yu.A. ,  Vodvin, A.O. and Abdullaev, N.D.; Chem. Nat. 

Prod. (Trensl. of Khim. Pri1: Soedin.) , 33(2), 1 65 ( 1 997a). 
Malik, M.N. and Khan, A.A.; Pak. J. Forest, 2 1 , 287 ( 1 97 1 ); C.A. , 79, 1 2581 0. 
Malik, P.V.S. and Singh, V.; J. Indian Soc. Soil. Sci., 34( 1 ), 220 ( 1 986); C.A., 1 06, 66090. 
Mall, L.P. and Singh, V.P.; Flora (Jena), 163(4), 286 ( 1 974); C.A., 82, 56236. 
Malleshi, N.G. and Oesikachar, H.S.R. ; J. Food Sci. Tec/11101., 22, 400 ( 1 985). 
Mallcshi, N.G. and Desikachar, H.S.R. ; J. Inst. Brew. ,  92, 1 74 ( 1 986). 
Malleshi, N.G., Desikachar, H.S.R. and Tharanathan, R.N.; Food Chem., 20 ( 4), 253 ( 1 986a); 

C.A., 1 05, 96231 .  
Malleshi, N.G. ,  Oesikachar, H.S.R. and Tharanathan, R.N.; Starch, 38(6), 202 ( 1 986b ) .  
Mallik, M .A.B., Puchala, R .  and Grosz, F.A.; J. Chem. Ecol. , 20, 957 ( 1 994). 
Malm, N.R. and Rachie, K.O.; Neb. Ag,: Exp. Sta. ,  SB, 5 1 3 ( 1 97 1 ) .  
Mamedov, G.G., Abdieva, R.G. and Azizbekova, Z.S. ; lzv. Akad. Nauk Az. SSR, Ser. Biol. 

Nauk, ( 1 ), 6 ( 1 982); C.A., 98, 1 4386. 

-- - -- - -- -- - - - - - - - - - - - �---



�� - ., - - - ..... - - - - -

652 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Mamedova, R.P., Agzamova, M.A. and lsaev, M.A.; Khim Pri1: Soedin . ,  453 (200 I). 
Mamo, T. and Parsons, J.W.; Trop. Agric. ,  64, 31 3 ( 1 987); C.A. ,  108, 7435 1 .  
Manavalan, R .  and Mithal, B.M. ; Plan/a Med. , 39, 95 ( 1 980). 
Mandal, 8., Majumdar, S.G. and Maity, C.R.; J. Food Sci. Tec/11101., 2 1 , 307 ( 1 984b); C.A ., 

102 1 3065 1 .  
Manda(, 8. ,  Majumdar, S.G .  and Maity, C.R.; Proc. Indian Natl. Sci. A cad. , Part B, 50( I), 48 

( 1 984a); C.A . ,  1 02, 1 30587. 
Mangoy, A.S., Pearson, W.M. and Darby, W.T., J. N1111: , 62, 377 ( 1 957). 
Mann, H.S. and Saxena, S.K.; in "Khejri (Prosopis ci11eraria) in the lndia11 Desert - its Role 

in Agroforeslly", (Mann, H.S. and Saxena, S.K., eds.), 64, Jodhpur: Central Arid 
Zone Research Institute ( 1 980). 

Mannich, L.; "An Ancient Egyption Herbal", London, Bri tish Museum ( 1 989). 
Mansour, R.M.A., Ahmed, A.A. and Saleh, N.A.M.; Phytchemislly, 22, 2630 ( 1 983b). 
Mansour, R.M.A., Saleh, N.A. M. and Boulos, L.; Phytcl1emislly, 22, 489 ( 1 983a). 
Manzoor-i-Khuda, M. and Sul tana, S. ; Pak. J. Sci. ind. Res., I I ,  247 ( 1 968); C.A . ,  71 ,777. 
Mao, S.H.  and Chang, S. M.; 811//. inst. Chem. Acad. Sinica, ( 1 9), 49 ( 1 971 ); C.A. ,  76, 70074. 
Marais, J.P., Figenschou, D.L., Escott-Watson, P.L. and Webber, L.N.; J. Agric. Sci. ,  1 26, 

207 ( 1 996); B.A . ,  1 0 1 ,  1 52657. 
Marais, J .P.; Agroani111a/ia, 1 2, 7 ( 1 980). 
Marangoni, A. and Alli, I . , J. Sci. Food Agric., 44 (2), 99 ( 1 988). 
Marchesan, M., Hose, S., Paper, D.H., and Franz, G.; Disch. Apoth. Ztg., 1 38, 2987 ( 1 998); 

C.A . ,  1 29, 140509. 
Marchi, A.C., Giraudo, C.G. and Haidar, V.H.; Rev. invest. Agropecuaris, JNTA,  Buenos 

Aires, Argentina, Se,: 1, Biol. Prod. Ani111 . ,  1 0, 309 ( 1 973). 
Marcone, M.F. and Vada, R.V.; Agric. Biol. Che111., 55, 2281 ( 1 99 1 ). 
Marcone, M.F. and Vada, R.V.; J. Agric. Food Chem. , 40, 385 ( 1 992). 
Marcone, M.F., Beniac, D., Harauz, G. and Vada, R. ; J. Agric. Food Chem., 42, 2675 ( 1 994b). 
Marcone, M.F., Niekamp, F.K., LeMaguer, M. and Vada, R.V.; Food Che111., 51 , 287 ( 1 994a). 
Marckov, N., Popov, S. and Khandzhieva, N.; Khi111. Ind. (Sofia), 58(3), 1 32 ( 1 986); C.A . ,  

1 05, 1 68854. 
Marhuenda, R.E. and Garcia, M.D.; Biruniya. ,  2(2), 1 1 7 ( 1 986); C.A . ,  1 06, 1 5624. 
Marhuenda, R.E. and Garcia, M.D. ;  Far111111aco, Ed. Prat., 40, 302 ( 1 985a); C.A ., 1 03, 1 34858. 
Marhuenda, R.E. and Garcia, M.D.; Plant. Med. Phy/other., 1 9, 1 63 ( 1 985b ). 
Marius, C., Neamtu, G. and Stanescu, U.; Fitoterapia, 65, 1 8 1 ( 1 994). 
Marquard, R., Gaudchau, M. and Boehm H.; VDLUFA-Schriftner, 40 (Gruen/and als 

Pro11ktio11ssta11dort 1111d Landschaft-sele111e11/ ), 31 9 ( I 995); C.A. ,  1 24, 1 7472. 
Marshall, D. R., Braue, P. and Munday, J .; Aust. J. fap. Agric. Anim. Hush. ,  1 9, 1 92 ( 1 979). 
Marten, G.C. and Andersen, R.N.; Crop Sci., 1 5, 821 ( 1 975). 
Marten, G.C. and Danker, J .; Agron J., 60, 703 ( 1 968). 
Marten, G.C. and Jordan, R.M.; Agron. J., 71 ,  55 ( 1 979). 
Marten, G.C. and Jordan, R.M.; in "Proc. 1 2th int. Grassl. Cong,: (Moscow, U.S.S.R.), Grassl. 

Utiliz. Sec., 391 ( 1 974). 
Marten, G.C., Barnes, R.F., Simons, A.B. and Wooding, F.J.; Agron. J., 65, 1 99 ( 1 973). 
Marten, G.C., Jordan, R.M. and H ovin, A.W.; Agron. J., 66, 909 ( 1 976). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 

Marten, G .C., Jordan, R.M. and l-lovin, A.W.; Crop Sci., 2 1 ,  295 (1981). 
Marten, G .C., Simons, A.B. and Frelich, J .R. ;  Agron. J., 66, 363 ( 1974). 

653 

Marten, G.C.; in "Antiquality Components of Forages", (Matches, A.G., ed.), Spec. Publ. 4. 
Crop Sci. Soc. Am. ,  Madison, Wisconsin, U.S.A., 15 (1973). 

Martin, A.B., Cuadrado, Y., Guerra, 1-1., Gallego, P., Hita, 0., Martin, L., Dorado, A. and 
Vi llalobos, N.; Plant Sci. (Shannon, Ire/.), 15, 143 (2000); C.A., 1 33, 117484. 

Martinez, E.N., Castellani, O.F. and AOoD, M.C. ;  J. Agric. Food Chem. , 45, 3832 (1997). 
Martinez, R.O., Ruiz, R. and Herrera, R .S. ;  Cuban J. Agric. Sci. ,  14, 225 (1980). 
Martins, J .C. Maes, D., Loris, R., Pepermans, H .A.M., Wyns, L., Willem, R. and Verheyden, 

P. ; J. Mo/. Biol., 258, 332 ( 1996). 
Martyniuk, S., Jurzysta, M. ,  Bialy, Z. and Wroblewska, B.; Environ. Biotic Factors lnteg,: 

Plant Dis. Control, Ew: Found. Plant Patho/. Conf 3"1 meeting / 944, (Manka, M. ,  
ed.), Polskie Towarzystwo Fitopatologi czyno, Pazan, Poland, 395 (1995). 

Marum, P. , Hovin, A.W. and Marten,G.C. ; Crop Sci., 1 9, 539 (1979). 
Marx, J.L. ;  Science, 1 98, 40 (1977). 
Masaki, S. and Ohyama, Y. ; Nippon Chikusan Gakkai Ho, 49, 659 (1978); C.A., 89, 193907. 
Masaoka, Y., Koj ima, M., Sugihara, S, Yoshihara, T., Koshino, M. and Ichihara, A.; Plant 

Soil, 155-1 56, 75 (1993); C.A., 1 2 1 ,  34279. 
Masaoka, Y. , Takano, N., Ohta, K. and Ochi, M. ;  Nippon Sochi Gakkaishi, 32(4), 389 (1987); 

C.A., 1 07, 58006. 
Maslin, B.R., Conn, E.E. and Dunn, J.E. ;  in "Australian Acacias in Developing Countries" 

(Turnbull, J. W., ed.) Procedings of an International workshop held at the Forestry 
Training Center, Gympie, Qld, Australia, 4-7 August 1986, ACIAR Proceedings 
No. 16, 107 (1987). 

Mason, C.F. and Bryant, R.J.; J. Ecol. ,  63, 71 (1975). 
Massa, L . ;  Rassegna Econ. Colonie (Italy), 23, 266 (1935); C.A. , 29, 6959. 
Masse, J .P. ,  Taillade, C. and Lucas, C.; Patent : FR 2649322 Al (1997); C.A. , 11 5, 239724. 
Massiot, G., Lavaud, C., Benkhalcd, M. ,  and Le Men-Olivier, L . ;  J. Nat. Prod. , 55,1339 

(1992). 
Massiot, G. ,  Lavaud, C., Besson, V., Le Men-Olivier, L., and Van Binst, G . ;  J. Ag,: Food 

Chem., 39, 78 (1991). 
Massiot, G. ,  Lavaud, C., Guillaume, D. and Le Men-Olivier, L . ;  J. Agric Food Chem., 36, 

902 (1988a). 
Massiot, G., Lavaud, C., Le Men-Olivier, L. ,  Binst, G., Miller, S.F. and Fales, H.M. ;  J. Chem. 

Soc. Perkin Trans., 3071 ( 1988b ). 
Mata, R. ,  Navarrete, A., Alvarez, L . ,  Pereda-Miranda, R. and Rom o  de V ivar, A . ;  

Phytchemislly, 26, 191 ( 1986). 
Matalawska, I., Sikorska, M., Henzel-Malak, K. and Kowalewski, Z.; Herba Pol. , 38, 155 

(1992); C.A., 1 20, 4572. 
Mathams, M.C. and Sutherland, A.K.; Queensland J. Agric. Sci., 9, 317 (1952). 
Mathe, J. and Racz, G.; Farmacia (Bucharest), 20(8), 493 (1972); C.A.,  78, 2004. 
Mathe, J. and Racz, G.; Farmacia (Bucharest), 2 1 (8), 457 (1973); C.A., 80, 80076. 
Mathe, J . ,  Racz, G. and Cscdo, K. ;  Planta Med., 29, 295 (1976). 
Mathela, D.K., Kharkwal, H .B. and Mathcla, C.S.; Fitoterapia, 57, 299 (1986). 

- -· --- -- - - -- -



654 Al-Easa, H .S; Rizk, A.M. ;  Abdel-Bari, E.M. 

Matheson, N. R. and Travis, J .; J. Biol. Chem., 273, 1 6771  ( 1 998); C.A., 129, 1 99636. 
Mathews, S., Singha!, R.S. and Kulkarni, P. ; Nahr1111g , 37( 1 ), 69 ( 1 993); C.A . ,  1 1 9, 1 58763. 
Mathur, J . M.S.; Cun: Sci., 38, 570 ( 1 969). 
Mathur, M.L., Pherwani, M.S., Rangasamy, M.C. and Sen, K.C. ; flldia11 J. Dail)' Sci. , 10, 85 

(1 957); C.A. ,  52, 40621'. 
Matsuda, 1-1 . , Murakami, T., lkebata, A. ,  Yamahara, J .  and Yoshikawa, M.; Chem. Pharm. 

8111/. , 47, 1 744 ( 1 999). 
Matsumoto, 1·1 . ,  Unrau, A.M., Hylin, J .W. and Temple, B. ; Anal. Chem.,  33, 1 442 ( 1 96 1  ). 
Matsuoka, T., Hosoda, 1-1 . and Kurogi, M.; Shok11hi11 Sago Ke11!..)'11sho Ke11k11 /-Jokoku, (5 1 ), 

7 1  ( 1 987); C.A . ,  109, 72292. 
Matthiesen, F., Schumacher, M.J. and Lowenstein, 1-1 . ;  J. Allergy Cli11. /111111111101., 83, 1 1 24 

( 1 989). 
Matz, S.A. ;  "The Che111is11:v a11d Tech11ology of Cereals as Food a11d Feed ", AVI Publishing 

Co, Westport, CT. (1 959). 
Matz, S.A . ;  "The Chemist I)' and Tech11ology of Cereals as Food a11d Feed ", 2nd ed., Van 

Norstrand Reinhold: New York ( 1 99 1  ) .  
Maurice, D.V., Jones, J .E., Hall ,  M.A., Castaldo, D.J . ,  Whisenhunt, J.E. and McConnel, J .C. ;  

Paull. Sci. , 64, 529 ( 1 985); C.A, 102, 1 65770. 
Maya, T.I., Leont'eva, V.G. ,  Zharkaya, T.L., Semenov, A.A., Kuznetsova, E.E. and Chupin 

S.P.; Khim Pri,: Sedi11 . ,  (4), 531 ( 1 984); C.A. , 102, 3263. 
Mayeux, H .S. ,  Jr. and Jordan, W.R.; Bot. Gaz., 145, 26 ( 1 984). 
Mayeux, H .S., Jr. and Wilkinson, R.E.; Bot. Gaz., 15 1 , 240 ( 1 990). 
Maymone, B., Dattilo, M. and Massiotti Di Celso, P. ; A1111. spe,: agrar., 7, 1 289 ( 1 953); C.A., 

48, 4 1 46.  
Maz, J .L . ;  Scie11ce,1 98, 40 ( 1 977). 
Mbiapo, F. and Moundipa, P.F.; Null: Res. (N. Y.), 13, 94 1 ( 1 993). 
Mcllroy, R.J . ; J. Chem. Soc. ,  6067 ( 1 963). 
McKenzie, R.A. and Schul tz, K.; J. Agric. Sci., 1 00(1), 249 ( 1 983). 
McKenzie, R.A. ;  in "Pla11t Toxicology", Proceedi11gs of the Australia- U.S.A. Poiso11011s 

Plall/s Symposium, Brisbane, Australia. May 1 4- 1 8, 1 984, (Seawright, A.A., Hegarty, 
M.P., James, L .F. and Keeler, R.F. , eds.), Queensland Poisonous P lants Committee, 
Yeerongpil ly, Australia, 1 50 ( 1 985). 

McLaehlan, K.D.; Aust. J. Exp. Agric. Anim. Hush, 110, 3 1 8  ( 1 981 ); C.A., 96, 5523. 
McLean, A. and Tisdale, E. W.; Can. J. Pla11t Sci., 40, 405 ( 1 960); C.A., 54, 25373i. 
McMeniman, N.P., Beale, 1 . F. and Murphy, G .M. ;  Aust. J. Agric. Res., 37, 289 ( 1 986a). 
McMeniman, N.P., Kondos, A.C. and Beale, I .F. ;  Aust. J. Agric Res., 37, 31 5 (I 986e). 
McMeniman, N.P., Kondos, A .C. and Beale, I .F.; Aust. J. Agric. Res.; 37, 303 ( 1 986b). 
McNabb, WC., Waghom, G .C. ,  Barry, T.N. and Shelton, I .D. ;  B,: J. Nut,: , 70, 647, ( 1 993). 
McWill iams, J .R. and Shepherd, C.J . ;  Aust. J. Biol. Sci., 17, 601 ( 1 964); C.A., 66, 35472. 
Mears, P.T. , Hennessy, D. W., Wil liamson, P.J .  and McLennan, D.J . ,  Aust. J. Exp. Agric., 36, 

I ( 1 996); B.A., 101 ,  1 68672. 
Mehta, G. ,  Nayak, U.R. and Dev, S. ; Tetrahedron Lett., 456 1  (I 966). 
Mclek, F.R. , EI-Shabrawy, O.A., EI-Gindy, M., Miyase, T. and Hila!, S.1·1 . ;  Fitoterapia, 64, 

1 1 ( 1 993). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 655 

Melek, F.R., Miyase, T., El-Gindi, O.D., Abdel-Kal ik, S.M. and Haggag, M.Y. ; Phytoche111ist1J', 
42, 1 405 ( 1 998). 

Melek, F. R. , Miyase, T., EI-Gindy, M.R., Abdel-Kal ik, S.M., Ghaly, N.D. and El-Kady, S. M. ; 
Plwrmazie, 55, 772 (2000). 

Mel ikov. R.K.; lzv. Akad. Na11k Az. SSR, Ser. Biol. Nauk, (I) 22 ( 1 984); C.A., 1 0 1 ,  1 6724 1 . 
Melkumyan, Kh.A., Revazova, L.V. and Serobyan, S.E.; Biol. Zh. Arm., 22(3), 94 ( 1 969); 

C.A ., 72, 28844. 
Mell or, W., H ibberd, J .J .  and Grof, B . ;  Queensland .I. Agric Anim. Sci., 30, 259 ( 1 973). 
Mendes, B.U.; in "The Current State ofKnowledge 011 Prosopisjuli/lora", (Habit, M.A. and 

Saavedra, J .C. ,  eds.), 6 1 ,  International Conference on Prosopis, Recife, Brazil ,  25-
29 August ( 1 986). 

Mendoza, C.M. and Bressani, R.; Cereal Chem. , 64, 21 8 ( 1 987). 
Meng, X., Hu, X., Zhang, G. and Oi, Z.; Zhongyao Tongbao, 1 2(5), 298 ( 1 987); C.A. , 107, 

1 1 4498. 
Meng, X. ,  Riordan, H .D. and Riodan, N.H .; U.S. US 6,0833,510 (Cl. 424-195. / ;  A0.'N65/ 

00),4 July (2000); C.A. , 133, 79320. 
Mengesha, M.I-1 . ;  Econ. Bot. , 20, 268 ( 1 966). 
Mercadante, A. and Rodriguez-Amaya, D.; Int . .I. Food Sci. Tec/1110/. , 25, 2 I 3 ( 1 990). 
Merezhko, A.I. and Shokod'ko, T.I . ;  Biol. Ventw: Vod., 23, 24 ( 1 974); C.A., 87, 81 268. 
Merfort, I., Buddrus, J ., Nawwar, M.A.M. and Lambert, J . ,  Phytochemis/JJ', 3 1 ,  4031 ( 1 992). 
Mertz, W., Roginski, E.E . ,  Harrison, W.W., Shani, J .  and Sulman, F.G . ;  Arch. Int. 

Phar111acody11. Ther., 206, 1 2 1 ( 1 973); C.A., 81 ,  45950. 
Mesrob, B . ,  Petrova, M. and Ivanov, Ch.P.; Biochem. Biophys. Acta, 200, 459 ( 1 970). 
Mestechkina, N.M., Anulov, O.V. , Smirnova, N.I .  and Scherbukhin, V.D.; Prikl. Biokhim. 

Mikrobio/. 36, 582 (2000); C.A., 1 34, 27549. 
Mestechkina, N.M., Dovletmuradov, K. and Shcherbukhin, V.D.; Prikl. Biokhim. Microbial., 

29( 1 ), 1 70 ( 1 993); C.A., 1 1 9, 45245. 
Meybeck, A., Bonte, F. and Dumas, M.; PCT Int. Appl. WO 92 20,322 (Cl. A61K7/148) 36 

Nov ( 1 992); C.A., 1 1 8, 1 32 1 20. 
Meyer, D., Becker, R., Gumbmann, M.R., Vohra, P., Neukom, H .  and Saunders, R.M.; J. 

Agric. Food Chem., 34, 91 4 ( 1 986). 
Meyers, R.L . ,  Berns-Mason, A.W., Thayer, K.H., Feldman, B .H .  and Rosengren; .I. Allergy, 

47, 1 00 ( 1 971 ). 
Meyers, R.L., Berns-Mason, A.W., Thayer, K.H. ,  Seda. R.P., Tokrisna, A. and Caldwell, 

C.J.; J. Allergy C/in. 1111111 11110/. , 49, 1 1 4 ( 1 972). 
Mhinzi, G .S. and Mrosso, H .D.J. ;  Food ChemisflJ', 54(3), 261 ( 1 995). 
Midiwo, J .O., Rukunga, G.M.; Phytochemis/Jy, 24, 1 390 ( 1 985). 
Miersch, J . ;  G11anidino Compd. Biol. Med. , [Se/. Pap. Int. Symp.},3rd 1 99 1  (De Deyn, P.P.C. 

ed), 47( 1 991) ;  C.A., 1 18, 25 1 55 1 .  
Miething, H ., H olz, W. and Haensel, R.; Phann. Ztg., 131 ,  746 ( 1 986); C.A., 105, 301 47. 
Mitlin, B .J .  and Shewry, P.R. ; in "Seed Protein Improvement in Cereals and Grain Lequmes", 

Vol. I, 1 37, International Atomic Energy Agency, Vienna ( 1 979). 
Miklosz-Wisniewska, S. and Olkowski, M; Zesz. Nauk. Akad. Roln. -Tech. O/sztynie, Ro/11 . , 

(31 ), 1 33 ( 1 98 1 ); C.A., 97, 71 428. 

-- ·- ---- --�- -- - - - - - ------



656 AI-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Miletic, S., Milosavljevic, S. and Vidakovic, M. ;  J. Serb. Chem. Soc. , 56, 307 ( 1 99 1  ); CA., 
1 1 5, 203335. 

Miletie, S . ,  Milosavljevie, S. ,  Ristic, S. and Vidakovie, M. ;  Glas. Hem. Tel11101. Maked. , 7, 
265 ( 1 989); CA., 1 1 5, 1 55041 . 

Mi l ford, R.; Aust. J. Ag,: Res. , 1 1 ,  l 38(1 960a). 
Mil ford, R.; Proc. lnterm. Grassland Cogress 8'",Reading, England, 484 ( I 960b); CA. ,  59, 

7926. 
Mil ler, E.S . ;  J. Am. Chem. Soc., 57, 347 (1 935). 
Mi l ler, G.A., Youngs, V.L. and Opl inger, E.S. ;  Cereal Chem., 57, 1 89 ( 1 980). 
Mil ler, P.M.; J. Am. Soc. 1-/ortic. Sci., 1 03, 78 ( 1 978); CA., 88, 1 0 1 734. 
Mil ler, R.W. and Smith, C.R., Jr.; J. Ag,: Food Chem.,  21 , 909 ( 1 973). 
Mil l er, T.B. and Blair, R. ; J. Brit. Grassland Soc. ,  1 8(2), 1 58 ( 1 963); CA., 59, I I 966f. 
Mi lsevy, P. and Everett; Agron. J., 73, 60 ( 1 98 1  ) .  
Milt imore, J .E. ,  McArthur, J .M., Mason, J .L. and Ashby, D.L.; Can J. A11i111. Sci., 50, 61 

( 1 970). 
Milton, S.J . ;  Bothalia, 14, 767 ( 1 983). 
Minson, D.J . ;  Aust. J. Exp. Agric. Anim. Husb. ,  24, 494 ( 1 984). 
Minson, D.J . ;  Brit. J. Nufl: , 2 1 , 587 ( 1 967). 
Miraikar, P.B., Gujarathi, B.G. and Patil, T.M. ;  Cun: Trends l(f'e Sci., 1 1  (Prog. let!/Protein 

Res.), 95 ( 1 984); CA., 1 02, 59386. 
Mirgani, T. ; World Rev. Anim. Prod. , 1 7(3), 23 ( 1 981 ); CA. , 96, 2 1 6575 
Mirimoew, J.E., McArthur, J .M., Mason, J .L. and Ashloy, D.L. ;  Can. J. Anim. Sci. , 50, 61 

( 1 970). 
Mirzaazimova, Kh.T., Gusakova, S.D. and Glushenkova, A. I . ;  Chem. Na!. Compd. , 35, 61 6 

(1999); CA., 133, 147523. 
Misra, M. ,  Das, N. and Misra, A.N.; Acta Physiol. Plantarum, 1 7, 37 1 ( 1 995); B.A., 1 01 ,  

105604. 
M isra, P.K.; Acta Cie11c. Jndica, Chem.,  1 8, 393 ( 1 992a); CA., 1 2 1 ,  132642. 
Misra, P.K.; Acta Cienc. lndica, Chem. , 1 8, 395 (1992b). 
Misra, P.S . ,  Prakash, D., Pandey, R.M .  and Pal, M . ;  Fitoterapia , 56, 318 ( 1 985) .  
Mitcher, L.A., Telikepal l i, 1-1 . ,  McGhee, E. and Shankel, D.M.; Mulaf. Res., 350( 1 ), 1 43 

( 1 996); CA., 1 24, 21 9146. 
M itsuyama, S. and Yoshino,T. ; Jpn. Kokao Tokf..yo Koho JP 08099889 A2 16 Ap1: 1996 

Heisei ( 1 996); CA. ,  1 25, 4 1 843. 
Mityakova, R.P. ; Sib. Vestn. S-Kh. Nauki, 8(1 ), 52 ( 1 978); CA., 89, 22722. 
Miura, G .A. and Shih, T.M.;  Physiol. Plant., 61 , 4 1 7  (1984). 
M iura, H. ,  Nishida, H .  and Linuma, M.; Planta Med., 62, 150 ( 1996). 
M iura, K. and Nakabayashi, H. ;  Bull. Coll. Agric. Utsunomiya Univ., 1 0(2), 1 ( 1978). 
M iyage, E . ;  Nippon Sochi Gakkaishi, 29(3), 232 (1983); CA., 1 0 1 ,  1 29585. 
Miyase, T. and Fukushima, S . ;  Chem. Phann. Bull. , 35, 2869 (1987). 
Miyase, T., Mclek, F.R., El-Gindi, O.D., Abdcl-Khalik, S.M., E l-Gindi, M .R. ,  Haggag, M. Y. 

and 1-Iilal, S.1-1 . ;  Phytoc/1e111istJy, 41 ,  1175 (1996). 
Miyazawa, M. and Kameoka, H . ;  Chem. Express, 6, 343 (199 1 ); CA., 115, 27896. 
Mizutani, M. ,  Hashidoko, Y. and Tahara, S . ;  FEBS left., 438, 236 ( 1 998); CA., 1 30, 92807 . 

• --� -·--- - - -.. --- -- ·� - - -- + -- -- - - - - - -- --� =-- - -



Chemical Constituents and Nutritive Values of Range Plants in Qatar 657 

Mnatsakanyan, V.A., Agababyan, E. Yu. and Arutyunyan, L.S.; Khim. Pri,: Soedi11., 660 ( 1981 ); 
C.A., 96, 31673. 

Mocak, J . ,  Jurasek, P., Phi l l ips, G.O., Varga, S., Casadei, E. and Chikemai, B.N.;  Food 
Hydroco/loids, 12(2), 141 (1998); C.A., 1 29, 342774. 

Mochnaka-Lawacz, H. ;  Polskie Archiwum Hydrobiologii, 21 ,  381 ( 1 974). 
Mogle, T.B. and Mayee, C.D.; Indian J. Myca/. Plant Pathol., 1 1 (1), 61 ( 1 981); C.A., 96, 

101083. 
Mohamed A.I. and Hussein, A.S.; Plant Foods Hum. Null: , 45, I (1994). 
Mohamed, M.H. ; Bull. Phann. Sci, Assiut Univ. ,  22(1), 47 ( 1999). 
Mojumdar, A.B. and Rekib, A.; Forage Res., 6(1 ), 75 ( 1 980); C.A. ,  94, 1 38 1 09. 
M0lgaard, P., Skj0th, L. and Kaufmann, U . ;  Biochem. Sys!. Ecol., 8, 277(1 980). 
M0lgaard, P. ; J. Ecol., 74, 1127 (1986). 
Molodavkin, G.M. ,  Aldarmaa, Zh., Voronina, T.A., Seredenik, S.B. and Davgatseren, B. ; 

Khim- Farm. Zh. , 32(4), 35 (1998); C.A., 129, 36340. 
Molyaka, A. ;  Gruba, A.I. and Savenok, T. V. ; Vikoristannya Zbagachennya Rosi. Res111: Ukr., 

96 ( 1977); C.A ., 88, 86030. 
Molyneux, R.J., Pan, Y.T.,  Goldmann, A. Tepfer, D.A. and Elbein, A.D. ; Arch. Biochem. 

Biohys., 304, 81 (1993). 
Monastyrskaya, B.I .  and Petropavlovskaya, A.A.; Farmakol. i Toksikol., 16(2), 30 ( 1953); 

C.A., 47, 709. 
Monde, K., Oya, T., Shira ta, A. and Takasugi, M. ; Phytochemislly, 29, 3449 ( 1990). 
Montalvo, M.I . ,  Veiga, J.V., McDowell ,  L.R., Ocumpaugh, W.R. and Mott, G.O; Nut,: Rep. 

Int., 35, 157 (1987); C.A ., 1 06, 66096. 
Monteiro, P.V. ,  Gopal, D.H. ,  Virupaksha, T.K. and Ramachandra, G. ;  Feed chem. , 29(1), 1 9  

(1988); C. A., 1 09, 5351 7. 
Montero, M.J. , Mor·n, A., Martin, M.L. and San Rom·n, L. ;  Int. J. Crude Drug Res., 26, 215 

(1988). 
Monties, B. and Rambourg, J.C.; Bull Liaison, Groupe Polyphenols, 8, 25 ( 1 978); C.A., 91 ,  

37754. 
Moore, K.J. and Buxton, D.R. ; CSSR special Publication, (30), 23 (2000). 
Moore, R.M., Williams, J .D. and Chia, J . ;  Aust. J. Biol. Sci., 20, 1131 (1967); C.A. ,  68, 

75704. 
Mora-Escobedo, R. Paredes-LOpez, 0. and Odorica-Falomir, C. ; Lebensm. Wiss. Tee/mo/. , 

23, 484 ( 1 990). 
More, T.; Indian J. Animal Sci., 52, 824 ( 1 982); C.A ., 91 ,  1 59578. 
Moreira, M.M. and Paul, M.I . ;  Rev. Port. Farm., 39(3), 12 (1989); C.A. , 114, 3407. 
Moreira, M.M. and Paul, M.I . ;  Rev. Port. Farm., 41(1), 12 (1992); C.A. , 1 19, 34174. 
Moreira, M.M. and Paul, M.l . ;  Rev. Port. Farm. ,  43(4), 43 (1993); C.A. , 121 ,  78317. 
Morice, l .M.; J. Sci. Food Agric. ,  18, 129 (1967). 
Morimoto, A, Ikegaya, Y. and Harada, I . ;  Nippo11 Eiyo shokwyo Gakkaishi, 36(6), 51 5 ( 1 983); 

C.A. , 101 ,  5741. 
Morimoto, M., Fujii, Y. and Komai, K.; Phytocl1emisfly. , 51 , 605 (1999). 
Morita, H.,  Yoshida, N., Takeya, K., I tokawa, H. and Shirota, O. ; Tetrahedron, 52, 2795 

(1996). 



672 Al-Easa, H.S; Rizk, A.M. ;  Abdel-Bari, E .M. 

Reed, J .D., Horvath, P.J., Allen, M.S. and Van Soest, P.J .; J. Sci. Food Agric., 36, 255 (1985) .  
Rees, M.C. and Minson, D.J . ;  Aust. J. Agric Res. , 33, 629 ( 1982). 
Rees, M.C. and Minson, D.J.; B,: J. Nuh: , 36(2), 179 (1976); C.A., 86, 169835 . 
Rees, M.C., Jones, R.M. and Coote, J .N. ;  Australia Commonwealth Scientific and Industrial 

Research Organization Division of Tropical Crops and Pastures Tropical Agronomy 
Technical Memorandum, (87), I-III, I (1995 ); B.A., 101 ,  168290. 

Reeves, M., Fulkerson, W.J., Kellaway, R.C. and Dove, H.; Aust. J. Exp. Agric., 36, 23 ( 1996); 
B.A., 101 ,  168673. 

Reichert, R.D. and Youngs, C.G. ;  Cereal Chem., 54, 174 (1977). 
Reichert, R.D. and Youngs, C.G. ,  Cereal. Chem., 56, 287 (1979). 
Reichert, R.D., Youngs, C.G. and Christansen, D.A.; Int. Dev. Res. Cent. [Tech. Rep.] IDRC 

1979, IDRC-145e, Polyphenols Cereal Legumes, 50, 69 (1980); C.A., 94, 45775. 
Reichert, R.D. ; Cereal Che111 . ,  56, 291 (1979). 
Renault, J.-1-1 . ,  Gedira, K., Thepenier, P., Lavaud, C., Zeches-Hanrot, M. and Le Men-Olivier, 

L.; Phytochemishy, 44, 1321 (1997). 
Rendig, V., Welch, R.M. and McComb, E.A.; Crop Sci. ,  1 0, 682 (1970). 
Rhind, D.; Rep!. Operations Dept. Ag,: , Burma, 44 (1938-1939); C.A., 34, 5488. 
Riaz, M. , Rashid, M. and Chaudhary, F. M.; Pak. J. Sci. Ind. Res. , 35(7-8), 279 (1993); C.A. , 

1 18, 187833. 
Richardson, S. and McKell, C .M. ;  J. Range Manage., 33, 460 ( 1980). 
Ridley, P.E.R., Davies, H.L .  and Southey, I .N. ;  Aust. J. Exp. Agric., 26, 665 (1986). 
Riley, I .T. and Ophel, K.M.; Int. J. Syst. Bacterial., 42, 64 (1992) . 
Rimpler, H. and Rizk, A.M.; Phytoche111ishy, 8, 2269 (1969). 
Ringbom, T., Segura, L., Noreen, Y., Perera, P. and Bohlin, L.; J. Nat. Prod., 61, 1212 (1998) . 
Ripa, A. and Geidans, M. ; Latvijas PSR ZinatnuAkad. Vestis, (8), 69 ( 1964); C.A. , 62, 5577g. 
Ripa, A., Kolomiitseva, V.F. , Audrina, P. and Sarja, L. ;  Tautsaimn. Daigo Augu Agrote/z. 

Boil. ,  98 (1986); C.A. ,  107, 20769. 
Ripa, A. ; Byull. GI. Bot. Soda No. 63, 47 (1966); C.A. , 67, 8665 . 
Rish, M.A. and Ezdakova, L.A.; Trudy Biogeokhim. Lab.,Akad. Nauk S.S.S.R., 11 , 246 (1960); 

CA., 55, 15805b. 
Risi, J.C. and Galwey, N.W.; Adv. Appl. Biol. , 10,  145 (1984). 
Ristic, S. and Thomas, A.; Arch. Phann. , 295, 510 (1962); C.A. , 57, 14180e. 
Riveros, F. ; in "Prosopis Species. Aspects of their Value, Research and Develop111ent", (Dutton, 

R.W., ed.), 237, Proceedings of the Prosopis Symposium, University of Durham, 
U.K., 27-31 July 1992 (1992). 

Rivett, D.E., Tucker, D.J. and Jones, G.P.; Aust. J. Agric. Res. , 34, 427 (1983). 
Rizk, A.M., and Al- Nowaihi, A.S; The Phytoc/1emishy of the Horticultural Plants of Qatar, 

The Alden Press, Oxford, U.K., on behalf of the Scientific and Applied Research 
Centre, University of Qatar, Doha, Qatar, (1989). 

Rizk, A.M., and EI-Ghazaly, G.A.; "Medicinal and Poisonous Plants of Qatar", Doha Modem 
Printing Press, on behalf of The Scienfific  and Applied Research Centre, University 
of Qatar, Doha, Qatar ( 1995) .  

Rizk, A.M., EI-Missiry, M.M. and Rimpler, H.; J. Chem. Soc. Pak. , 7(1), 65 (1985a). 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 673 

Rizk, A.M. ,  Hammouda, F.M. ,  Ismail , S . I . ,  Hassan, N.M. ,  EI-Missiry, M.M. and Ahmad, 
F.A.; Plant Foods /-111111. Nut,: , 40, I ( 1 990). 

Rizk, A.M. ,  Hammouda, F.M.  and Hussein, L.; Qua/ Plant Plant Foods /-111111. Null: , 33, 7 1  
( 1 983a). 

Rizk, A.M., Hammouda, F.M., Ismail, S . l . ,  Kamel, A.S. and Rimpler, H.; Qatar Univ. Sci. J., 
15, 33 ( 1 995). 

Rizk, A.M., Heiba, I-I . I ,  Ma 'ayergi, I-I . I .  and Batanouny, K.H . ;  V i l  I. Fitoterapia, 51, 3 ( I 986a). 
Rizk, A.M. ,  Heiba, I-I . I . ,  Meshaly, M. and Sandra, P.; Qatar Univ. Sci. Bull., 59, 7 1  ( 1 985b). 
Rizk, A.M. ,  Heiba, I-I . I . , Sandra, P. , Meshaly, M. and Bicchi, C.; J. Chro111atogr., 279, 1 45 

( 1 983b). 
Rizk, A.M. ,  I smail , S . I .  and Hussein, L.; Fitoterapia, 55, 1 79 ( 1 984). 
Rizk, A.M., Rimpler, H . ,  Ghaleb, H. and Heiba, H. J . ;  Int. J. Crnde Dmg Res., 24, 69 ( 1 986b). 
Rizk, A.M. ,  Seif El-Nasr, M.M.  and Heiba, H . J . ;  int. J. Chem., 12, 1 1 7 (2002). 
Rizk, A.M. ,  Wil l iamson, E .M.  and Evans, F.J . ;  Int. J. Crnde Drug. Res., 23, I ( 1 985c). 
Rizk, A.M.;  "The Phytoche111istry of the Flora of Qatar", Kingprint of Richmond (Britain), 

on behalf of the Sci en ti fie and Applied Research Centre, University of Qatar, Doha 
( 1 986). 

Rizk, A.M. ;  Fitoterapia, 52, 35 ( 1 982). 
Roberts-Anderson, J., Mehta, T. and Wilson, R.8. ;  Null: Cancer, 10(3), 1 29 ( 1 987); CA., 

108, 36623. 
Robinso, S.P. and Downtown, W.J.S. ; Aust. J. Plant Physiol., 12, 47 1 ( 1 985); CA. , 90, I 00 1 2 1 .  
Robinson, D .H . ;  "Leguminous Forage Plants ", 2nd ed., Edward Arnold and Co., London, 

( 1 953). 
Robinson, M.D. ;  J. Univ. Kuwait, (Science), 22(2), 255 ( I 995). 
Robinson, R.G.; Agron. J., 67, 54 1  ( 1 975). 
Robinson, R.G.; Agron. J., 70, 797 ( 1 978). 
Rodrigo, M., Lazaro, M.J . ,  Alvarruiz, A. and G iner, V. ; J. Food Sci., 51, 1 1 52 ( 1 992) . 
Rodriguez Mej ia, M. ,  Rivas Montalvo, V. and Rosiles Martinez, R. ;  Veterinaria (Mexico 

Cif)j, 16(1 ), 2 1  ( 1 985); CA., 103, 1 03705. 
Rodriguez, C.S. and Blanco, E. ;  Agron. Trap. (Maracay, Venez.), 20(6), 383 ( 1 970); CA., 

75, 85 1 94. 
Rodriguez, J.A., Poppe, S. and Meier, H . ;  Arch. Anim. Nutr., 39, 97 1  ( 1 989); CA., 1 12, 

1 3 7825. 
Roe, R. and Mottershead, 8. ;  Nature, 193, 255 ( 1 962). 
Rofi, R.D. and Pomi lio, A.8. ; Fitoterapia, 53, 1 83 ( 1 982). 
Rofi, R.D. and Pomilio, A.8. ;  J. Nat. Prod., 50, 767 ( 1 987b). 
Rofi, R.D. and Pomilio, A.8. ;  Phytoc/1e111istJy, 103, 2 1 3 1 ( 1 985). 
Rofi, R .D. and Pomilio, A.8.; Phytoche111isliy, 26, 859 ( 1 987a). 
Rogalski, M. and Lyduch, L.; Zesz. Prob/. Postepow Nauk Rain, 282, 24 1 ( 1 983); CA., 101 ,  

I 0928 1 .  
Rogerson, A. ;  E. African Ag,: J. , 20, 240 ( 1 955); CA. , 49, 1 4 1 1 9h.  
Rogler, G.A. ;  J. Ame,: Soc. Agron. ,  36, 487 ( 1 944). 
Rogozinsky, F. and Glowczynski, Zb.; Bull. intern. Acad. Polonaise, classe sci. math. ,wt., 

Bil, 1 1 1  ( 1 935); CA., 30, 3035 .  

"'- - - - -� - -



674 AI-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

Romero- Zapeda and Paredes- Lopez, O.; J. Food Bioc/1e111 . ,  1 9, 329 ( 1 996). 
Romero, J .M. and Maranon, T. ; New Phytol. , 132, 565 (1 996). 
Romney, E.M., Wallace, A., Kinnear, J. and Alexander, G.V. ; Co1111111111. Soil Sci. Plant Anal. , 

8, 799 ( 1 977); C.A., 88, 1 1 9988. 
Ronsted, N., Gobel, E., Franzyk, H. ,  Jensen, S.R. and Olsen, C.E.; Phytochemislly, 55, 337 

(2000). 
Rooney, L.W. ;  Cereal Chem., 55, 584 ( 1 978). 
Rooney, W.L., Skinner, D.Z. and Fritz, J .O.; Crop Sci. , 37, 1 28 ( 1 997). 
Rosa, E.A.S. ;  Pbytoche111ist1y, 44, 1 4 1 5  ( 1 997). 
Rosa, 1-1 .R. ; Anim. Feed Sci. Technol. , 57, 1 1 1  ( 1 996); C.A., 124, 259 1 6 1 .  
Rosenthaler, L.; Plumn. Acta. He/11., 1 ,  1 68 ( 1 926); C.A., 2 1 ,  1 83 1 .  
Rosiles Martinez, R., Rivas Montalvo, V., Aguirre G., M.A., and Lopez Lopez, R.; Veterinaria 

(Mexico City), 17 (I), 1 3  ( 1 986); C.A., 105, 1 709 1 1 .  
Ross, A.I-I. , Manners, J .M. and Birch, R.G.; Plant Sci. , 1 10( I), 9 5  ( 1 995); C.A., 123, 333383 .  
Ross, M.D. and Jones, W.T. ; New Zealand J. Agric. Res. , 1 7, 19 1  ( 1 974). 
Ross, S.A. and El-Sayyad, S. ; Plan ta Med., 39, 1 87 ( 1 980). 
Rouquette, F. M., Jr., Keisling, T.C., Camp, B.J. and Smith, K.L.; Agron. J., 72, 1 73 ( 1 980). 
Rovesti, G.; Riv. ital. essenze, pro.fi1111i piante o.ffic. , olii vegetali, saponi, 22, 346 ( 1 940); 

C.A., 36, 6826. 
Rowan, D.D.; Agric. Ecosy.1·t. Environ. , 44, 1 03 ( 1 993 ). 
Rowan, M.G. and Dean, P.D.G.; Phytochemislly, 1 1 ,  3263 ( 1 972). 
Roy, S., Dutta, A.K. and Chakraborty, D.P.; Phytochemislly, 2 1 ,  24 1 7  ( 1 982). 
Roy, S., lhantola, R. and Hanninen, O.; Environ. Exp. Bot. ,  32, 457 (1 992); C.A., 1 18, 1 43546. 
Rozmarin, G., Solomon, 8. and Simionescu, Cr. ; Ce/111/. Chem. Tec/1110/. (Jassy), 1(4), 445 

( 1 967); C.A., 68, 3 1 235. 
Rozmarin, Gh. and Butnaru, R. ; Ce/11/. Hirtie, 21 (3 ), 1 39 ( 1 972); C.A., 77, 16002. 
Rozycki, V.R., Baigorria, C.M., Freyre, M.R., Bernard, C. M., Zannier, M.S. and Charpentier, 

M.; Arch. Lati11oa111. Null: , 47, 265 ( 1 997); C.A. , 128, 47541 .  
Ruales, J .C. and Nair, B.M.; Food Chem. , 48, 1 3 1  ( 1 993a). 
Ruales, J .C. and Nair, B.M.; Food Chem. , 48, 1 3 7  ( 1 993b). 
Ruangnmgsi, N., Aukkanibutra, A., Phadungcharoen, T., Lange, G. and Lee, M.; J. Sci. Soc. 

Thailand, 13(1), 57 ( 1 987); C.A. , 107, 1 94922. 
Rude, B.J .  and Rankins, D.L., Jr. ; Anim. Feed Sci. Tec/1110/., 44, IOI ( 1 993 ). 
Rudert, C.P. and O'Donovan, W.M.; Rhod. J. Agric. Res., 1 2(2), 1 4 1 ( 1 974); C.A. , 82, 84847. 
Rudert, C.P. and Oliver, J . ;  Rhod. J. Agric. Res., 16(1), 23 ( 1 978); C.A. , 89, 59074; C.A., 90, 

1 85583. 
Ruggeri, P., Del la Val le, C., De Fuco, R. and Paladino, L.; Boll. -Soc. Ital. Biol. Sper., 67, 955 

( 1 99 1 ); C.A. , 119, 4933 . 
Ruiz, A.S. and Munoz, M.S.; Ana/es.fis. y quim. (Madrid), 42, I 029 ( 1 947b); C.A. , 42, 956. 
Ruiz, A.S. and MuOoz, M.S. ;  Ana/es .fis. y q11i111. (Madrid), 43, 476 ( 1 947a). 
Rusev, G. and Atanasova, D. ; Int. Conj Chem. Biotec/1110/. Biol. Act. Nat. Prod. [Proc.}, ]'' 

/981, (Atanasova, 8. ed. ), Bulg. A cad. Sci. : Sofia, Bulgaria, 3(1 ), 253 ( 1 9 8 1  ); C.A. , 
97, 52543 . 

Ryabinin, A.A. and I l ' ina, E.M. ;  Dok/ady Akad. Nauk S.S.S.R. ,  67, 5 1 3 ( 1 949); C.A., 44, 
1 455. 

--- - -- ·� - - - - - - - - -



Chemical Const.ituents and Nutritive Values of Range Plants in Qatar 

Saad, S. F., Saber, A.H. and Scott, P. M.; 8111/. Fae. Pl,arm. , Cairo Univ. , 7, 265 (1 967). 
Saastamoinen, M., Kumpulainen, J. and Nummela, S.; Cereal Chem., 66, 294 ( 1 989). 
Saber, A.H. and Shoaib, A. M.E.; .I. Phann. Sci., U.A.R., 7, 1 1 7 ( 1 966). 

675 

Sadykov, Yu.D. and Begovatov, Yu.M. ; Akad. Nauk. Tadzh. SSR, Otd. Fiz.-Mat. , Kh1111. Geo/. 
Nauk, (4), 3 1 ( 1 990); C.A., 1 19, 45220. 

Sadykov, Yu.D. and Khodzhimatov, M.; lzv. Akad. Nauk Tadzh. SSR, Otd. Fiz. -Mat. , Kl,1111 . 
Geo!. Nauk, (2), 86 (1 985); C.A., I 04, 1 45541 . 

Sadykov, Yu.D.; lzv. Akad. Nauk Tadzh. , SSR, Otd. Biol. Nauk, (4), 48 ( 1 987); C.A., 109, 
1 07745 . 

Saeed, M.A. ,  Khan, Z. and Sabir, A.W.; Turk. J. Biol . ,  23, 1 87 ( 1 999); C.A. , 13 1 ,  82643. 
Saenz Rodriguez, M.T., Garcia Gimenez, M.D., Fernandez Arche, M.A. and Dela Puerta 

Vacquez, R.; Plant Med. Pl,ytother. , 24, 21 6 (1 990); C.A. , 1 1 5, 1 26866. 
Safir, 0., Fekih-Tetouani, S., Dr Tommasi, N. and Aquino, R. ;  J. Nat. Prod., 61 ,  1 30 ( 1 998). 
Sahasrbudhe, M.R.; J. Am. Oil Chem. Soc. , 56, 80 (1 979). 
Sahu, N.P., Koike, K. ,  Banerjee, S., Achari, B. ,  Jia, Z. and Nikaido, T.; Tetrahedron Lett. ,  38, 

8405 ( 1 997). 
Said, S.A., Kashef, H .A.E.,  Mazar, M. M.E. and Salama, O.; Fitoterapia, 67, 2 1 5  (1 996). 
Saito, T., Takadama, S., Akimoto, B. and Nakanishi, T.; Raku110 Kagaku No Kenkyu, 20(2), 

A55 (1 971 ); C.A., 75, 95367. 
Sakai, N., lnada, K., Okamoto, M., Shizur, Y. , and Fukuyama, Y.; Phytoc/1e111isfly. ,  42, 1 625 

( 1 996). 
Salama, H .M.H . ;  Egypt. J. Bot., 37(1 ), 85 (1 997). 
Salas, M.L., Hickman, M.V., Huber, D.M. and Schreiber, M.M.; Weed Sci., 45, 664 ( 1 997); 

C.A., 127, 2741 1 2. 
Salcedo, G . ,  Sanchez-Monge, R. ,  Argamenteria, A. and Aragoncillo, C. ; Plant Sci. Lett. ,  1 9, 

1 09 ( 1 980). 
Saleh, N., El-Hawary, Z., EI-Shobakij ,  F.A., Abbasy, M. and Morcos, S.R. ;  Z. Emaehrung­

swiss. , I 6, 1 58 ( 1 977). 
Saleh, N.A.M. ,  Bohm, B.A. and Maze, J.R. ;  Phytochemisfl:v, 1 0, 490 (1 971  a) 
Saleh, N.A.M., Boulus, L., EI-Ncgoumy, S.l .  and Abdalla, M.F.; Biochem. System. Ecol., I O, 

33 (1 982). 
Saleh, N.A.M., EI-Hadidi, M. N. and Arafa, R.F.M.; Biochem. Syst. Ecol. ,  2 1 , 301 (1 993). 
Salgues, R.; Qua/it, Plant. Mate,: Veget . ,  8, 367 ( 1 961  ) .  
Salgues, R. ;  Qua/it. Plant. Mate,: Veget. ,  9(2), 7 1  ( 1 962); C.A., 58, 748f. 
Salih, O.M., Nour, A.M. and Harper, D.B . ;  J. Sci. Food Agric. , 58, 4 1 7  (1992). 
Salim, M.L., Ammar, H.A., Abderruhman, S. and El-Remawy, I-I .A.; Bull. Fae. Pharm. (Cairo 

Univ.), 34, 235 (1 996). 
Salmon, C., Bassiere, J.M., Baccou, J.C., Carbos, J.L., Sambuco, J.P. and Caumette, P.; Riv. 

Ital. EPPOS, 24, 23 (1 998); C.A., 1 29, 1 52589. 
Salmon, M. and Walls, F. ; Bo!. Inst. Quim. Univ. Nae. Auton. Mex. , 1 8, 34 ( 1 966); C.A. , 66, 

92377. 
Salt, T.A.  and Adler, J.1-1.; Lipids, 20, 594 ( 1 985). 
Samuelsen, A.B. ,  Paulsen, B .S. ,  Wold, J.K., Knutsen, S.H .  and Yamada, H .; Carbohydr. 

Polym., 35, 1 45 ( 1 998). 

-� � -- -- - -- . - - - -. - - ---



676 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M . 

Samylina, I.A. and Ladygina, E.Ya. ;  lssled. Lek. Prep. Pri,: Sint. Proiskhozhd. , Mate,: 
Mezhv1r:::. Nauchn. Ko,!f: 1 974, 1 05 ( 1 975); CA., 86, 1 67874. 

San Feliciano, A., Barrero, A.F., Medarde, M. , Miguel del Corral, J .M .  and Cal le, M .V.; 
Phytoc/1e111ist1y, 22, 2031 ( 1 983). 

San Feliciano, A., Barrero, A.F. ,  Medarde, M . ,  Miguel del Corral, J .M. ;  Phytochemistry, 22, 
2031 ( 1 983). 

S{mchez, J .M I. Soto, H .  and Vargas, E.; Anim. Feed Sci. Technol., 71 , 295 ( 1 998). 
Sandberg, F. , Michel, K.-1-1., Staf, B. and Tjemberg-Nelson, M. ;  Acta Phann. Suecia,, 4, 5 1  

( 1 967). 
Sanderson, M.A., Meyer, D. W. and Casper, H . ;  J. Anim. Feed Sci. Tec/1110/., 14, 1 22 ( 1 986); 

CA., 1 05, 1 1 391 5. 
Sanderson, M.A., Meyer, D.W. and Casper, H .; J. Anim. Sci., 61 ,  1 243 ( 1 985); CA. , 103, 

1 23722. 
Sanderson, S.C., Chu, G . ,  McArthur, E.D. and Stutz, H.C.; Bioc/1e111. Syst. Ecol., 1 6, 1 43 

( 1 988). 
Sandison, M.S. and Harris, P.J .C. ;  NFT, Highlights, 91 ( 1 991 ), in Fagg aand Stewart ( 1 994). 
Sankhla, A.K. and Sankhla, N . ;  Trans. Indian Soc. Desert Tec/1110/. Univ. Cent. Desert Stud., 

4( I ) ,  35 ( 1 979); CA., 92, 72724. 
Sankhla, A.K., Panwar, D.K. and Sankhla, N . ;  Trans. Indian Soc. Desert Technol. Univ. 

Cent. Desert Stud. , 4(2), 1 01 ( 1 979); CA., 93, I 82842. 
Sannai, A., Fujimori, T. and Kato, K.; PhytochemisliJ', 2 1 ,  2986 ( 1 982). 
Sannai, A., Fujimori, T., Uegaki, R. and Akaki, T.; Agric. Biol. Chem.,  48, 1 629 ( 1 984). 
Sanni, A.I . ,  Lie, E. and Lindberg, A. M. ; Chemie Mikrobiologie Technologie der Lebensmittel, 

15  (3-4), 89 ( 1 993). 
Sano, Y., Tanaka, K. and Mishina, I., Chugoku Nogyo Kenl,.yu, (43), 34 ( 1 971 ) ;  CA., 78, 

94877. 
Sanwa Kagaku Kenkyusho Co., Ltd. ; Japan Kokai Tok!,.yo Koho 80, 160, 723 (Cl. A61k35/ 

78), Appl. 79/67, 441, Of Jun 1979, 1 3  Dec. ( 1 980); CA., 94, 71 477. 
Sapek, A.; int. Grassl. Congr., (Proc.), 1 3th 1 977, (Wojahn, E. and Thoens, H . ,  eds. ) , Acad.-

Verlag: Berlin, l ,  503 ( 1 980). 
Saracoglu, I . ,  Inoue, M., Cal is, I. and Ogihara, Y.; Biol. Phan11. Bull., 18,  1 396 ( 1 995). 
Saraswathy, A., Thomas, S. and Patra, A.; Indian Drugs., 36, 531 (I 999); CA. , 132, 1 4 1 779. 
Sarg, T.A., Hafez, S.S., Abd El-Aal, M.M. and AI-Gcndy, A.A.; Zagazig J. Phan11. Sci. ,  3( I), 

1 5 1 ( 1 994). 
Sarg, T.A., Hafez, S.S., EI-Ayouty, Y.M. and AI-Gendy, A.A.; Alexandria J. Phann. Sci. , 

9( 1 ), 47 ( 1 995). 
Sarg, T.M., Abd El Aziz, E .M. ,  Salem. A., Ateya, A.M. and Zayed, R.A.; Zagazig J. Phan11. 

Sci. , 2( I ) ,  20 ( 1 993). 
Sarg, T.M., Ateya, A.M. and Dora, G.A.; Fitoterapia. , 58, 1 33 ( 1 987). 
Sarg, T.M., Omar, A.A, Ateya, A.M. and Hafiz, S.S. ; Egypt. J. Phann. Sci. , 25(1 -4), 35 

( 1 984). 
Sarg, T.M., Omar, A.A, Khafagy, S.M., Grenz, M. and Bohlmann, F. ; Phytochemishy, 2 1 ,  

1 1 63 ( I 982). 
Sartor, F.P., Da Silva, C.C. and De Souza, M.C.; Biochem. Syst. Ecol., 27 , 303 ( 1 999). 

-�. . - -



Chemical Constituents and Nutritive Values of Range Plants in Qatar 677 

Sarwar, M. ,  Masood, M.K. ,  Ali, M. ,  Maqsood, A. and Qureshi, E.A.; Sci. /111. (Lahore) , 1 (3) ,  
1 82 ( 1 989); CA., 1 1 1 ,  228998 . .  

Sasmakov, S .A. ,  Puticva, Zh .M.,  Kachala, Y.V. , Saatov, Z. and Sashkov, A.S . ;  Chem. Nat. 
Prod. , 37, 347 (200 1 a); (Kim. Pri,: Soedi11, 294 (200 1 a)). 

Sasmakov, S.A. ,  Putieva, Zh.M. ,  Saatov, Z. ,  Kachala, Y.Y. and Sashkov, A.S. ;  Chem. Nat. 
Prod. , 37, 9 1  (200 1b); (Kim. Pri,: Soedin, 79 (200 l b)). 

Sassen, R. ; in "/11terdiscipli11m:v Studies of Peat and Coal Origens " (Given, P.H. and Cohen, 
A.D., eds.) . ,  Vol .  7, Geol. Soc. America Microform Publ . ( 1 977b). 

Sasscn, R.; Proc. 3rd /111. Coral Reef'Symp. 2, 135 ( 1 977a). 
Sastamoinen, M., Kumpulainen, J. and Nummela, S.; Cereal Chem.,  66, 294 ( 1 989). 
Sastry, 8.,Vijayalakshmi, T., Rao, D.V. and Rao, E.Y. ;  Indian Drugs, 22, 6 1 1 ( 1 985); CA., 

103, 2 1 1 2 1 9. 
Salish, S . ,  Periasamy, P. and Namasivayam, A. ;  Phann. Sci., 2, 437 ( 1 996). 
Sato, 1-1 . ,  Sakamura, S .  and Obata, Y. ; Ag,: Biol. Chem., 34, 1 254 ( 1 970). 
Sato, T., Kozima, S., Kobayashi, K. and Kobayashi, H . ;  Yak11gak11 Zasshi, I 05, 1 1 3 1  ( 1 985); 

CA., 104, 1 230 1 8 . 
Saunders, R.M .  and Becker, R.; in "Advances in Cereal Science and Techology ", Vol. VI, 

(Pomeranz, Y. , ed.), A111. Assoc. Cereal Chem.: St. Paul, MN ( 1 984). 
Saunders, R.M., Becker, R., Meyer, D., Del Valle, F.R., Marco, E. and Torres, M.E. ;  Fo,: 

Ecol. Manage., 16  ( I -4), 1 69 ( 1 986). 
Savage, D.A. and Hel ler, Y.G. ;  USDA Tech. Bull., 943 ( 1 947). 
Savos 'kin, LP. and Kadyrova, R.8. ;  Kompleksn. l::.11ch. Polezn. Rast. Sib., 1 74 ( 1 974); CA., 

83, 75348. 
Savos'kin, I . P. ,  Bannov, M.G .  and Kadyrova, R.8.; Ras/it. Resw: , 14(4), 5 1 5  ( 1 978); CA. , 

90, 1 9057. 
Savos 'kin, I . P. ,  Pekker, E.G. and Kadyrova, R.B. ;  Rast. Bogastslva Sib. ,  1 04 ( 1 97 1 ) ;  CA., 

77, 85644. 
Sawhney, P.C. ,  Bedi, S .P.S. and Khan, S.A. ;  Indian J. A11i111. Sci. ,  47(4), 229 ( 1 977); CA., 

87, 66832. 
Sawhney, S. and Bhide, S.; J. Food Sci. Tec/1110I., 29, 354 ( 1 992). 
Sawhney, S. K. and Naik, M.S . ;  J. Genetics and Plant Breeding, 29, 395 ( 1 969). 
Saxena, V.K. and Jain, A.K. ;  J. Indian Chem. Soc., 63, 854 ( 1 986a); CA., 1 07, 1 1 2622. 
Saxena, Y.K. and Jain, A .K. ;  Phytochemisl!y, 25, 2687 ( 1 986b). 
Saxena, V.K. and Nigam, S.; Asian J. Chem., 8, 337 ( 1 996). 
Saxena, Y.K. and Nigam, S.; Fitoterapia, 68, 343 ( 1 997a). 
Saxena, V.K. and Nigam, S.; Fitoterapia, 68, 403 ( 1 997b ). 
Scheidecker, D. and Raynaud, N. ; Bull. Soc. Bot. Fi: , l l3, 439 ( 1 966). 
Schery, R.W. ; "Plants.for Man ", Prentice- Hall, Inc., Englewood Cliffs, N .J .  ( 1 963). 
Schim1er, U. and Breckle, S.-W; in " Contributions to the Ecology of Halophytes" (Sen, 

D.N . and Rajpurohit, K.S., eds.), 2 1 5, DR. Junk Publishers, The Hague, ( 1 982). 
Schmitt, J .M. and Svendsen, I.; Carlsbers Res. Commun., 45, 1 43 ( 1 980). 
Schmitt, J .M. ;  Carlsberg Res. Commun., 44, 43 1 ( 1 979). 
Schmitz, C.M. ,  Schmitz, L. das. And Terra, N.N. ;  Rev. Fae. Farm. Santa Maria (Univ. Santa 

Maria), 12( 1 /2), 1 ( 1 966); CA., 65, 1 8992[ 



- - - � - - ---

678 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Schmitz, C.M., Schmitz. L. de S. and Terra, N .N . ;  ReE Fae. Fam. Santa Maria (Univ. Santa 
Maria) , 12( 1 ), 1 -8 ( 1 966); C.A. , 65, 1 8992f. 

Schnetzler, K.A. and Breene, W.M. ;  in "Amarantl,-Biology, Cl,emist,y and Teclmology", 
(Paredes- Lopez, 0., ed.), CRC Press, Boca Raton, FL, U SA ( 1 994). 

Schroder, V.N . ;  Soil Crop Sci. Soc. Fla. , Proc., 36, 1 95 ( 1 976). 
Schuhly, W., H eilmann, J . ,  Cal is, I. and Sticher, O.; Heh� Cl,im. Acta, 83, 1 509 (2000). 
Schuhly, W., H eilmann, J . ,  Calis, I. and Sticher, O.; Planta Med. , 65, 740 ( 1 999). 
Schumacher, M.J., Wagner, C.M. and Cusanovich, M.A.; J. Allergy Clin. l11111111nol., 69, 145 

( 1 982) .  
Schwab, A.P., Lindsay, W.L. and Smith, P.J.; J. Environ. Qua/., 1 2(3 ), 30 I ( 1 983 ); C.A., 99, 

104280. 
Schwarz, R. ; landw. Jal,rh., 80, 909 ( 1 934); C.A., 29, 2994. 
Sculthorpe, C.D.; "The Biology o.lAquatic Vascular Plants", Arnold, London (1972) .  
Sea bra, R.M., Andrade, P.B. ,  Ferreres, F. and Moreira, M.M.; Pl,ytochemisfly, 45, 839 ( 1 997). 
Seabra, R.M., Moreira, M.M., Costa, M.A.C. and Paul, M. I.; Pl,ytocl,e111isfly, 40, 1 579 

(1995). 
Sea bra, R.M., Siva, A. M., Andrade, P.B. and Moreira, M.M.; Pl,ytoche111islly, 48, 1429 ( 1 998). 
Seale, D.R., Quinn, C.M., Whittakar, P.A. and Wilson, R.K.; l,: J. Agric. Res., 21(2-3 ), 147 

( 1 982) ;  C.A., 99, 4345. 
Segura-N ieto, M., Barba de la Rosa, A.P. and Paredes-Lopez, O.; "Amaranth: Biology, 

Che111ist1J1 mul Technology ", (Paredes- Lopez, 0., ed. ) 75, CRC Press: Boca Raton, 
FL. (1994). 

Segura-N ieto, M., V·zquez-Sanchez, N ., Rubio-Vel ·zquez, H., Olguin-Martinez, L.E., 
Rodriguez-Nester, C.E. and Herrera-Estrella, L.; J. Agric. Food Chem., 40, 1 553 
(1992). 

Segwa, K., Kataoka, T. and Fukuo, Y.;  Biol. Phann. Bull. , 2 1 (2), 184 ( 1 998); C.A., 1 28, 
256793 . 

Sehested, M. and Skovsgaard, T.; Virchows Arch. B., 54, 3 66 ( 1988); C.A., 1 08, 218431. 
Seidel, K.; in "Biological Control of Water Pollution", (Tourbier, J. and Pierson, Jr. , R.W. , 

ed.) 109, Univ. Pennsylvania Press, Philadelphia, U .S.A. (1976). 
Seif El-Nasr, M.M., EI-Missiry, M.M. and Soliman, M.A.; Fitoterapia, 55, 254 ( 1 984a). 
Seif El-Nasr, M.M., Youssef, M.M. and Youssef, M.A.M.; Pharmazie, 39, 181 (1984b). 
Seif El-Nasr, M.M.; Fitoterapia, 53, I 89 (I 982) .  
Seigler, D.S. and H ern·ndez, J.F.; JALCA, 84, 315 (1989). 
Seigler, D.S., Seilheimer, S., Kessy, J. and H uang, H .F.; Econ. Bot., 40, 220 (1986). 
Seikel, M.K. and Bushnell, A.J.; J. Org. Chem., 24, 1995 ( 1 959). 
Seikel, M .K. and Geisman, T.A.; Arch. Biochem. Biophys., 71 ,  17 ( 1957). 
Seiler, R.J., Sheikh Omar, A.R. and Salim, N . ;  Kajian Vet., 1 1(1-2), 10 (1979); C.A., 94 

115383. 
Semikov, V.F., Kalistratova, O.A. and Aref'eva, L.P. ;  Bot. Zh. (Leningrad), 63, 812 (1978); 

C.A.; 89, 103959. 
Sen, A.K., B enerjee, N .  and Farooqi, M.I.H . ;  Carbohyd1: Res. , 1 57, 251 (1986). 
Sen, S., Makkar, H .P.S. and Becker, K. ;  J. Agric. Food Chem. , 46, 131(1998) .  
Sena, L.P., Vanderj agt, D.J . ,  Rivera, C., Tsin, A.T.C., Muhamadu, I., Mahamadou, 0., Millson., 

M., Pastuszyin, A. and Glew, R.H . ;  Plant Foods Human Null: , 52, 17 (1998) .  



Chemical Constituents and Nutritive Values of Range P lants in Qatar 679 

Sencindiver, J.C. and Bhumbla, D.K.; Inf Circ. -U.S. ,  Bw: Mines, l, 3 59 (1988). 
Serra, S.D. ,  Serra, A.8. ,  l chinohe, T. and Fuj ihara, T. ; Asian-Australian J. Anim. Sci., 9( I), 

75, 81 (1996a); B.A., 101,  89466. 
Serra, S.D., Serra, A.8. ,  I chinohe, T., Harumoto, T. and Fujihara, T. ; Asian-Australian J. 

Anim. Sci., 9(2), 139 (1996b); B.A., 101, 137866. 
Seshadri, T.R., Sood, A.R. and Varshney, I.P.; Indian J. Chem., 10, 26 (1972). 
Seshadri, T.R., Varshney, LP. and Sood, A.R.; Cun: Sci. , 42, 421 (1973 ). 
Seto, K.; Sci. Repts. Tohoku Univ. , First Se,: , 41 ,  154 (1957); C. A., 53, 1453 . 
Seto, M., M iyase, T., Umehara, K., Ueno, A., Hirano, Y. and Otani, N.; Chem. Pharm. Bull. , 

36, 2423 (1988) . 
Shafiee, A,  Yunginger, J.W. and Gleich, G . J. ;  J. Allergy Clin. Immunol., 67, 472 (1981); 

CA. , 95, 22758. 
Shafii, A., Pazhoohandeh (Tehran), 31, 57 (1977); C.A. , 88, 72791. 
Shaga, N.l. ;  Restit. Resur. , 2 1(1 ), 82 (1985); C.A. , 102, 128860. 
Shah, A.H., Agee!, A.M., Tariq, M . ,  M ossa, J.S. and Al-Yahya, M .A.; Fitoterapia, 57, 452 

(1986b). 
Shah, A.H., Al-Yahya, M.A., Devi, S. and Pandey, V.B; Phytochemislly, 26, 1230 (1987). 
Shah, A.H., Khan, R.M .A. ,  M urya, S.K. and Singh, V.P. ;  Phytochemishy, 28, 305 ( 1989). 
Shah, A.H., Miana, G .A. and Tschesche, R.; Nat. Prod. Chem. , Proc. Int. Symp. Pak. -U.S. 

Binatl. Workshop. /-'' I984 (Rahman, Atta Ur., ed.), 404, Springer: Berlin, Germany 
(1986a). 

Shah, A.H. ,  Pandey, V.8. ,  Eckhordt, G. ,  and Tschesche, R.; Phytochemishy, 24, 2765 ( 1985a). 
Shah, A.H., Pandey, V.8., Eckhordt, G. ,  and Tschcsche, R. ; Phytochemishy, 24, 2768 ( 1985b). 
Shah, A.H., Tariq, M.  and Al-Yahya, M .A.; Fitoterapia, 61, 469 ( 1990). 
Shah, 8 .H. and Noor, M . ;  Pak. J. Foreshy, 44, 62 (1994); B.A., 101 (7), 94861. 
Shah, H.C .  and Mehta, 8.V. ; Soil Sci. , 87, 320 (1959). 
Shah, S.W., Brandangc, S., Behr., D., Dahmen, J . ,  Hagen, Anthonsen, T. ; Acta Chem. Scand. 

Se,: B, 30, 903 (1976). 
Shahat, A.A., Pieters, L., Apers, S., Nazif, N.M. ,  Abdel-Azim, N.S., Berghe, D.V. and 

Vlietinck, A.J.; Phytother Res. , 1 5, 593 (200 I ). 
Shaker, K.H., Bernhardt, M. ,  E lgamal, M . H.A. and Seifert, K. ; Phytochemislly, 51 ,  1049 

(1999). 
Shaker, K.H. ,  Bernhardt, M ., E lgamal, M.H.A. and Seifert, K.;  Z. Natwforsch. , 55c, 520 

(2000). 
Shalashvili, K.G., and Kemcrtelidze, E.P. ;  Izv. Akad. Nauk Gruz. SSR, Se,: Biol. , 1 1 ,  388 

(1985); C.A., 104, 165329. 
Shalashvili, K.G. ,  Antelava, M.V. and Dalakishvili, Ts. M . ;  Khim. Pri,: Soedin., 519 (1984), 

C.A. , 102, 3260. 
Shamed, N.T, Inghal, R.S., Kulkarni, P.R. and Pal, M . ;  Carbohyd,: Polym, 3 1 ,  99 (1996). 
Shankar, F., Nandagopal, K., Subramanian, R. and Sekharan, P.C.; J. Forensic Sci. Soc. India, 

1 (1),41 (1987); C.A., 106, 133 i 83 .  
Shannon, M .C., Wheeler, E.L. and Saunders, R.M . ;  Agron. J., 73, 830 (1981 ) .  
Shannon, P.V.R. and Lcyshon, W.M . ; J. Chem. Soc., (16), 2837 (1971). 
Sharaf, M ., E l-Ansari, M .A. and Saleh, N. ; Biochem. Sys!. Ecol. , 25, 161 (1997). 
Sharaf, M. ,  E l-Ansari, M .A. and Saleh, N.A.M. ;  Fitoterapia, 71 ,  274 (2000). 



688 AI-Easa, H.S ;  Rizk, A.M.; Abdel-Bari, E.M. 

Thomson, L.; in "Australain D,y-Zone Acacies for Human Foocf', (House, A.P. N. and 
Harwood, C.F. , eds.), Proceedings of a Workshop held at Glen Helen, Northern 
Territory, Australia, 7- 1 0  August, 1 991 , 3, Canberra, CSIRO Australian Tree Seed 
Centre ( 1 992). 

Thomson, L.; NFT Higl,/ights, 93 ( 1 993). 
Thukral, A.K., Joshi, M.C. and Chand, R.; Cun: Sci. , 5 1 (5), 752 ( 1 982); CA., 97, 1 8  I 025. 
Thusoo, A., Raina, N. and Ahmed, S.R.; J. Indian Chem Soc., 59, I 007 ( 1 982). 
Tiller, S .A., Parry, A.O. and Edwards, R.; Acta Harlie. , 381 (l11ternatio11al Symposium 011 

Natural Phenols in Plant Resistance, Vol. 1 ), 227 ( 1 994b); CA. ,  126 , 236208 . 
Tiller, S.A., Parry, A.O. and Edwards, R.; Physiol. Plant. , 91 ,  27 (1 994a); CA. , 1 2 1 ,  3 1 1 64. 
Timbekova, A.E. and Abubakirov, N.K.; Khim. Pri,: Soedin. , 45 1 ( 1 984); CA., 1 02, I 6999. 
Timbekova, A.E. and Abubakirov, N.K.; Khim. Pri,: Soedin., 607 ( 1 986a); CA. , 106, 1 1 6476. 
Timbekova, A.E. and Abubakirov, N.K.; Khim. Pri,: Soedin. , 61 0 ( 1 986b); CA., 1 06, 1 1 6477. 
Timbekova, A.E., lsaev, M.I and Abubakirov, N.K.; Adv. Exp. Med. Biol. , 405 (Saponins 

Used in Food and Agriculture), 1 71 ( 1 996); CA. , 1 26, 290609. 
Tiwari, K.P., Masood, M. and Tripathi, R.D.; J. Indian Chem. Soc., 56, 1 042 ( 1 979); CA., 

92, 1 77470. 
Tjon Sic Fat, L.; Proc. K. Ned. Akad. Wet. Se,: C., 81 , 347 ( 1 978). 
Tjon Sie Fat, L.; Proc. Koninkl. Nederl. Akad. Wetensch., SOC, 227 ( 1 977). 
Toda, S., Miyase, T., Arichi ,  H., Chem. Phann. Bull., 33, 1 270 ( 1 985). 
Todd, J .R.; J. Ag,: Sci., 47, 29 ( 1 956a). 
Todd, J.R.; J. Ag,: Sci., 47, 35 ( 1 956b). 
Toit, P.J . de, Malan, A.I., Louw, J.G. ,  H olzapfel, C.R. and Roets, G.; Onderstepoort J. Vet. 

Sci., 2, 607( 1 934); CA., 28, 5898. 
Tolibaev, I .  and Glushenkova, A. I.; Khim. Pri1: Soedin. , (3), 500 ( 1 995); CA. , 1 24, 2265 62. 
Tollefsen, S. and Kornfeld, R.; Methods En::::ymol., 138, 536 ( 1 987); CA. , 1 07, 1 29 1 95. 
Toma-Barbcran, F.A., Iniesta-Sammartin, E. ,  Ferrercs, F., Tomas-Lorente, F., Trowitzsh-

Kienast, W. and Wray, V. ; Phytochemis!Jy, 29, 305 0 ( 1 990) .  
Tomas, F .  and Ferrercs, F. ; Rev. Agroqim. Tec/11101. Aliment, 16(  4), 252 ( 1 976). 
Tomas, F., Morenilla, A. and Barber·n, F.A.T. ; Fitoterapia, 56, 365 ( 1 985). 
Tomoda, M. Shimizu, N., Oshima, Y., Takahashi, N., Murakami, M. and Hikino, H.; Plan/a 

Med., 53, 8 ( 1 987). 
Tomoda, M., Shimizu, N., Ohara, N., Gonda, R., Ishii, S. and Otsuki, H. ;  Phytochemis!Jy, 

31 ,  63 ( 1 992). 
Tomoda, M., Shimizu, N., Shimada, K., Gonda, R. and Harumi, S.; Chem. Phann. Bull., 32, 

2 1 82 ( 1 984). 
Tomoda, M., Yokoi, M., and Ishikawa, K.; Chem. Phann. Bull., 29, 2877 ( 1 98 1 ) .  
Tomova, M.; Farmatsiya (Sofia), 37(6), 40 (I 987); CA., 1 08, 1 61 409. 
Toong, Y., Schooley, D.A. and Baker, F.C.; Nature, 333, 1 70 (I 988). 
Toor, F.D. and Din, M.U.; Pak. J. Sci. Ind. Res., 16, 202 ( 1 973). 
Toroitich, M.J., Virk, A.S. and Sagar, V.; Indian J. Anim. Sci., 66(3), 273 ( 1 996); B.A., 101 ,  

1 5271 7. 
Tosai, H ., Bonassi, I.A., S ilveira, A.C. and De Faira, V.P. ;  Pesqui Agropecu. Bros., 1 8(1), 67 

( 1 983); CA., 98, 2 1 392. 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 689 

Tosi, B. ,  Tiril l ini, B. ,  Donini, A. and Bruni, A.; lilt. J. Phar111acog11., 33, 35 3 ( 1995). 
Toth, I., Bi1thory, M., Szendrei, K., Minker, E. and BlazsO, G.; Fitolerapia, 52, 77 (1981). 
Tovmasyan, V.S.; Biol. Zh. Arm., 26(3 ), 106 (1973); CA., 79, 89475 . 
Townsend, C.C. and Evan, G., Flora oflraq, Volume 3, Ministry of Agriculture and Agrarian 

Reform, Baghdad, Republic of Iraq (1974). 
Townsend, C.C. and Evan, G., Flora of Iraq, Volume 4, Part I, Ministry of Agriculture and 

Agrarian Reform, Baghdad, Republ ic of Iraq ( I 980). 
Transue, T.R., Smith, A.K., Mo, H. ,  Goldstein, I.J. and Saper, M.A.; Nature Str11ct11ral Biology, 

4, 779 ( 1997). 
Trease, G .E. and Evans, W.C. ; "Pharmacogno�y", 12 th ed., English Language Book Society/ 

Bail l iere Tindal l ,  Alden Press, Oxford, U.K. (1987). 
Trezzini, G .F. and Zryd, J .P. ;  Phytochemisl!J', 30, 1897 (1991). 
Trheebilcock P.E., Vil lafane, A.F. and Gil P.A.; Inst. Colomb. Agropecu, 1 3(1), 119 (I 978); 

CA., 91, 69647. 
Tricker, A.R., Wacker, C.D. and Preussmann, R. ;  Cancer Lall., 35, 199 (1987a). 
Tricker, A.R., Wacker, C.D. and Preussmann, R.; Toxicol. Lau., 38, 45 ( 1987b ). 
Trinca, J.C. ; Med. J. Aust., 49, 969 (1962). 
Tripathy, Y.C., Devi, S., Pandey, V.B .  and Shah, A.H . ;  Fitoterapia., 59, 158 (1988). 
Tsai, P. -L., Wang, J . -P., Chang, C.-W., Kuo, S.-C. and Chao, P.D.L.; PhytochemisllJ', 49, 

1663 ( 1998). 
Tsakadze, D., Sturua, M., Kupatashvil i, N . ,  Vepkvadze, T., Ziaev, R., Samsonia, Sh. and 

Abusamatov, A.; Bull Georgian Acad. Sci., 1 55, 372 (1997); CA., 1 28, 306258. 
Tshesche, R., David, S.T., Zerbes, R. ,  von Radloff, M. ,  Kaussmann and Eckhardt, G. ;  Liebigs 

An11. Chem., 1915 (1974). 
Tsista-Tzardi, E. ,  Skal tsa-Diamantidis, H ., Philianos, S. and Deli theas, A. ; Ann. Phann. Fr. ,  

48(4), 185 (1990); CA., 1 14, 139650. 
Tsita-Tzardi, E., Loukis, A. and Philianos, S. ; Fitoterapia, 58, 200 (1987). 
Tsukervanik, LP. and Bersutskii, V.P.; Bull. Univ. Asie Centrale, (21), 49 (1935); CA., 3 1, 

5015 . 
Tsumura Juntendo Co., Ltd.; Jpn. Kokai Tokkyo Koho 81 92,211 (Cl. A6/K3//35), 25 July 

1981; CA., 95, 209643 (1981). 
Tu, P., Wang, B., Deyama, T., Zhang, Z. and Lou, Z.; Yaoxue Xuebao, 32, 294 (1997b); CA. ,  

1 28, 59407. 
Tu, P.H. ,  H e, Y. and Lou, Z. ; Tianran Chanwu Yanjiu fit Kaifa, 9(2), 7 (1997a); CA. , 1 28, 

203015. 
Tuerkoez, S., Toker, G. and Sener, B.; J. Fae. Phann. Gazi Univ. , 12(1), 17(1995); CA. , 124, 

25571. 
Tull och, A.P. and Bergter, L.; Phytochemislly, 19, 145 ( 1980). 
Tul l och, A .P. and H offman, L .L. ;  Phytochemisfly, 19, 837 ( 1980). 
Tull och, A.P.; Can. J. Bot. , 59, 1213 (1981 ). 
Tull och, A.P. ;  Phytochemislly, 17, 1613 ( 1978). 
Tul l och, A.P.; Phytochemislly, 21 ,  661 (1982a). 
Tull och, A.P. ;  Phytochemislly, 21 ,  2251 (1982b). 
Tull och, A.P. ;  Phytochemislly, 23, 1619 (1984). 



690 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E .M. 

Tulsiani, D.R. and Touster, 0. ;  Arch. Bioc/1em. Biophys., 296, 556 ( 1 992). 
Tulsiani, D.R. , Broquist, H . P. ,  James, L.F. et al.; Arch. Biochem. Biophys., 232, 76 ( 1 984). 
Tul siani, D. R., Broquist, H .P., James, L.F. et al . ;  Arch. Biochem. Biophys., 264, 607 ( 1 988) . 
Turki, Z.A.; Egypt. J. Bot., 38(1 -2), 47 (1 998). 
Turley, S.D., Daggy, B .P. and Dietschy, J . M.; Gastroenterology, 1 07, 444 (1 994); C.A., 121 ,  

22 1 620. 
Turner, T.R., Waddington, D.Y. and Watschke, T.L. ;  Proc. Northeast. Weed Sci. Soc., 33, 280 

( 1 979); C.A ., 90, 1 4693 7. 
Tyagi, C .S. and Paroda, R.S. ; Indian J. Agric. Sci., 51(3 ), 1 50 ( 1 981  ); C.A., 94, 1 53591 . 
Tyihak, E. and Kaposi, P. ; Bot. Kaz/em., 57(2), 1 49 (1 970); C.A., 742, 994. 
Tyler, J.M.; J. Chem. Soc., 5288 (1965a). 
Tyler, J.M.; J. Chem. Soc., 5300 (1 965b). 
U .S. National Academy of Sciences: "Underexploited Tropical Plants with Promising 

Economic Value ", National Academy of Sciences, Washington, D.C. ( 1 975). 
Uchiyama, Y. ;  Nettai Nogyo, 29(2), 98 (1 985); C.A. , 103, 8531 5. 
Uchiyama, Y. ; Nettai Nogyo, 30(1 ), 6 (1 986); C.A., 105, 41 840. 
Udeyama, M., Kinj o, J., Yoshida, N .  and N ohara, T. ; Chem. Pharm. Bull., 46, 526 (1 998). 
Udupa, S.L. and Pattabiraman, T.N . ;  Indian J. Biochem. Biophys., 24(3), 1 36 (1 987b); C.A . ,  

107, 1 7 1 349. 
Udupa, S.L. and Pattabiraman, T.N . ;  J. Sci. Food Agric., 38, 1 86 ( I 987a). 
Ueda, H. and Ohshima, M.; Anim. Sci. Tec/1110/. , 63, 1 032 (1992); C.A. , l 1 8, 1 68 1 45. 
Ueda, H .  and Ohshima, M.; Nippon Chikusa11 Gakkaiho, 58, 583 ( 1 987); C.A., 108, 51 34. 
Uglea, C.V.; Hemicelluloses fractionation, Makromol. Chem., 175, 1 535 (1 974); C.A., 81 , 

1 7 1 645. 
Ul lrich, I. and Jahn-Deesbach, W. ; A11gew. Bot., 58, 255 ( 1 984) ;C.A ., 102, 1 461 76. 
Umerir, S.C. ,  Obi, N .A. and Okafor, E.O.; Bioresow: Tec/1110/., 62, 63 (I 997); C.A., 128, 

1 27283. 
Ungar, I .A. ;  in "Biology of A triplex and related che11opods". Syposium USDA, Intennountain 

Forest and Range Experimental Station, Ogden, Utah (Tiedemann, A.R., McArthur, 
E .D., Stuta, !·LC., Stevems, R. and Johnson, eds.), 40 ( 1 984). 

Upadhayay, K.G., Patel , A.R. and Vyas, S.H . ;  GujaratAgric. Univ. Res. J., 4(1 ), 45 (1 978); 
C.A., 89, 1 95639. 

Upadhyaya, R.S.; Indian J. Animal Nutr., 2, 47 (1 985). 
Uphof, J.C. Th., "Dictio11a,y of Economic Plants", J. Crame,: Lelll'e, Gemiany ( 1 968) . 
Uppal , S.K., Chhabra, B .R. and Kal si, P.S.; Phytochemislly, 23, 2367 ( 1 984). 
Urones, J.G., Sanches Marcos, I . ,  Gomez Perez, B. and Basabe Barcala, P. ; Phytochemislly, 

29, 3687 ( 1 990). 
Usmanghani, K, Nazir, T. and Ahmad, V.U . ;  Fitoterapia, 53, 75 (1 982a). 
Usmanghani, K, Nazir, T. and Ahmad, V.U . ; J. Phann. (Univ. Karachi), 1 ,  39 (1982b); C.A., 

99, 1 9666. 
Uteniyazov, K.K., Saatov, Z., Abdullaev, N.D. and Lcvkovich, M.G. ; Chem. Nat. Compd., 

35, 650 ( 1 999). 
Utril las, M.J., Alegre, L. and Simon, E . ;  Plant & Soil, 1 75(1), 153 (1995). 
Vaithiyanathan, S., Kumar, R. and Prasad, R.; Indian J. Animal Sci., 64, 986 (1994). 

- -..- ----·-�· - - -- -- - - � -



Chemical Constituents and Nutritive Values of Range Plants in Qatar 

Vajpeyi, R. and Misra, K. ;  Indian J. Chem. Sect. B, 208, 348 ( 1 98 1  ). 
Vajpeyi, R. , Shukla, N. and Misra, K.; Phytoc/1emist1y, 20, 339 ( 1 98 1  ) .  

69 1 

Vakharia, D.N. and Chakraborty, M.K.;  J. Food Sci. Tec/1110/., 21 (2), I 05 ( 1 984); C.A., 101 ,  
1 69372. 

Vallet, C., Chabbert, B., Czaninski, Y. , Lemaire, G. and Monties, B. ; Int. J. Biol. Macromol. , 
2 1 , 201 ( 1 997). 

Van Arendonk, J .J .C.M. ,  Karanov, E., Alexieva, V. and Lambers, H . ;  Plant Growth Regul., 
24(2), 77 ( 1 998); C.A ., 1 28, 268300. 

Van Arsdel l ,  W.J . ,  Branaman, G.A., Harrison, C. M. and Davis, J .F. ;  Quart. Bull. Mich. Agric. 
Exp. Sta., 125, 1 3 1 ,  August ( 1 954). 

Van den Ende, W. and Van Laere, A. ; New Phytol., 123, 31  ( 1 993). 
Van Etten, C.H . ,  Mil ler, R.W. , Wolff, I .A. and Jones, Q.; Agric. Food Chem., 9, 79 ( 1 96 1 ). 
Vande1jagt, D.J. ,  Freiberger, C., Vu, H . -T.N., Moukaila, G . ,  Glew, R.S. and Glew, R.H . ;  

Plant Foods Hum. Nut,: , 55,  335 (2000). 
Vangheesdale, G. and Fournier, N.; Rev. Fi: Corps. Gras. , 27( 1 ), 1 5  ( 1 980); C.A. , 93, 22584. 
Varma, P.N., Loher, D.R. and Satsangi, A.K. ; J. l11dia11 Chem. Soc., 61 , 1 7 1  ( 1 984). 
Varnaite, R.; Lief. TSR Mokslu Akad. Darb. , Se,: C. , (I), 3 ( 1 984); C.A., 10 1 ,  3965. 
Varriano-Marston, E. and Hoseney, R.C.; Cereal Foods World, 28, 394 ( 1 983). 
Varshney, J . P. and Sood, A.R.; J. Indian Chem. Soc., 46, 39 1 ( 1 969). 
Vasi, I.G .  and Chintalapudi, R.S. ; Comp. Physiol. Ecol., 6, 206 ( 1 98 1  ) .  
Vegerovskii, A. I . ,  Baturina, N .0. ,  Chuchalin, V.  S.  and Saratikov, A.S. ;  Ras ti  tel '11ye Resursy, 

3 1 (4), 50 ( 1 995). 
Vel,izquez-Fiz, M.P., Diaz-Lanza, A. M. and Femandez-Matel lana, L. ; Pharm. Biol., 38, 268 

(2000a). 
Vel{1zquez-Fiz, M.P., Diaz-Lanza, A.M. and Femandez-Matel lana, L.; Z. Natwforsch. C. ;  J. 

Biosci, 55, 877 (2000b). 
Velez-Santiago, J. and Arroyo-Aguilu, J .A. ;  J. Agric. Univ. Puerts Rico, 68, 471 ( 1 984); 

C.A., 102, 1 48 148. 
Velisek, J . ,  Mikulcova, R., Mikova, K. ,  Woldi, K.B. ,  Link, J. and Davidek, J .  ; Food Sci. 

Tec/11101. , 28, 620 ( 1 995);  C.A., 1 24, 1 4424 1 .  
Vera, P.O.; Cie11c. Invest. Agrar., 4(2), 1 41 (1977); C.A . ,  88, 601 28. 
Vera, R.R. and Rocha, G.P.; Arq. Esc. Vet. Univ. Fed. Minas Gerais, 33(2), 389 ( 1 981); C.A., 

96, 1 97948. 
Verheyden, P., P lentinckx, J . ,  Maes, D., Pepcnnans, H .A. M. ,  Wyns, L., Willem, R. and Martins, 

J. C.; FEBS Letters, 370, 245 (1995). 
Verma, D.P.S.; Indian Forester, 113, 529 ( 1 987), B.A., 86, 37305. 
Verma, S.C.L. and Agarwal ,  S.L.; Indian J. Med. Res., 50, 439 ( 1 962); C.A., 58, 9412c. 
Verotta, L., Guerrini, M., EI-Sebakhy, N.A., Asaad, A.M., Toaima, S.M. Abou-Sheer, M.E., 

Luo, Y. -D and Pezzuto, J.M.; Fitoterapia. , 72, 894 (2001). 
Verotta, L. , Orsini, F., Tato, M., EI-Scbakhy, N.A. and Toaima, S.M. ; Phytochemislly, 49, 

845 (1998b). 
Verotta, L., Tato, M., El-Sebakhy, N.A. and Toaima, S.M.;  Phytochemisfly, 48, 1403 (1998a). 
Vetter, J . ;  Gyogyszereszet, 40(1), 1 1  (1996);  C.A., 1 24, 3355479. 
Viano, J., Masotti, V., Gaydou, E .M., Giraud, M., Bourreil, P.J .L. and Ghiglione, C.; J. Agric 

Food Chem., 44, 3126 (1996). 



692 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Vieira, A.C., 1 laddad, C.M., Castro, F.G.F., Heisecke, O.R.P., Vendramini, J. M.B., and Quecini, 
V.M.; Sci. Agric. (Piracicab, Braz.), 56, 1 1 85 ( 1 999); C.A. , 133, 732 1 3 .  

Vijayanagar, H .M.,  Audette, R.C.S., Bolan, J. and Clark, K.W.; lloydia, 38, 442 ( 1 975). 
Viladomat, E., Codina, C., Labres, J.M. and Badtida, J. ; Int. J. Crude Drug Res. 24, 1 23 

( 1 986). 
Vilenskii, E.R. and Shcherbakov, V.K.; Dok!. Vses. Akad. S-Kh. Nauk im. V.J. Lenina, ( 1 2), 8 

( 1 980); C.A., 95, 76865. 
Villar Del Fresno, A., and Manez Al ino, S. ; Ann. Quim, Se,: C. ,  79, (3, suppl. I), 437 ( 1 983 ); 

C.A., 1 02, 2 1 229. 
Villar, A., Manez, S. and Llopis, A.; Ann. Phann. Fr., 42, 349 ( 1984); C.A ., 1 02, I 09 1 95. 
Virtanen, A.L., Kreula, M. and Kiesvaara, M.; Z. Ernaehrungswiss. , 3, 23 ( 1 963); C.A., 60, 

61 35a. 
Vishin, M.L. and Razdan, B.K.; Proc. Rajasthan Aca(I. Sci. , 9(2), 45 ( 1 962); C.A. , 61, 2 1 86c. 
Vithanage, H . L.M.V., Howlett, B.J., Jobson, S. and Knox, R.B. ;  Histochem. J. , 14, 949 ( 1 982); 

C.A. , 98, 1 4400. 
Vitkus, A., Panamarioviene, A. and Tamulis. T.; Liet. TSR Mokslu Akad. Darb. Se,: C, (3 ) 37 

(1985); C.A. , 1 03, 175480. 
Vivier, M. and Doreau, M.; Agron. Trap. (Paris), 34, 362 ( 1 979); C.A., 93, 24985. 
Vogel, P., Petterson, D.S. ,  Berry, P.H . ,  Frahn, J.L., Anderton, N., Cockrum, P.A., Edgar, J.A, 

Jago, M.V., Lanigan, G.W., Payne, A.L. and Culvenor, C.C.J.; AJEBAK, 455 ( 1 981 ) . 
Vogel, P., Stynes, B.A., Coackely, W., Yeoh, G.T. and Petterson, D.S. ;  Biochem. Biophys. 

Res. Commun. , 105, 835 ( 1 982). 
Vogel, W.C. ; in "Proc. 1st Weeping Lovegrass Symp.", (Dalrymple, R.L., ed.) . ,  152, Samuel 

Roberts Noble Foundation, Ardmore ( 1 970). 
Vogel. , S. and Graham, M.; "Sorghum and Millet: Food Production and Use ", International 

Development Research Center , Ottawa, Canda ( 1 979). 
Voigt, P.W.,  Croy, L.l .  and H om, F.B.; J. Range Manage., 39, 276 (1986). 
Voigt, P.W., Hom, F.P. and Dewald, C.L.; Agron. J. ,  73, 877 ( 1 98 1 ) .  
Voigt, P.W., Kneebone, W.R., Mcllvain, E.H. ,  Shoop, M.C. and Webster, J.E . ;  Agron. J. ,  62, 

673 (1970). 
Voigt, P.W.; Crop Sci. , 24, 115 (I 984). 
Yolotovskii, D. ;  Moloc/1110-Masoldel'naya Prom., 7(7), 10 (1940); Chem. Zenh: , I, 3161 

(1941); C.A. , 37, 6753 . 
Yon Maydel l ,  H . J. ;  "Trees and Shrubs of the Sahel, their Characteristics and Uses", 

Schriftenreihe der GTZ No. 196 ( 1986). 
Voorhees, M.E.; Great Basin Nat., 50(1), 57 (1990). 
Vose, P.B . ;  Herb. Abstr. , 29, 77 (1959). 
Vu, V.D. and Mai, T.T. ; Tap Chi Duoc Hoc. , (I), 16 (1994); C.A., 121, 73758. 
Vu, V.D. and Pham, X.S.; Tap Chi Duoc Hoc. , (4), 20 (1993); C.A., 1 20, 73464. 
Vu, V.D. and Pho, D.T.; Tap Chi Duoc Hoc. , (I), 13 (1993 ); C.A., 119,  68111. 
Vysochina, G.l . ,  Kul' pina, T.G. and Berezovskaya, T.P.; Rastit. Resm·., 23, 229 (1987); C.A., 

107, 74323 .  
Waage, S.K. and Hedin, P.A.; PhytochemislJy, 24,  243(1985). 
Waghmode, A.P. and Joshi, G.V. · Jndian J. Ma,: Sci. , 11(1 ), 1 04 ( 1 982); C.A., 96, 1 1 9072. 



Chemical Constituents and Nutritive Values of Range P lants in Qatar 

Waghorn, G.C.,  Ulyatt, M . ,  J. John, A. and Fisher, M .T.; 81: J. Null: , 57, 1 1 7 ( 1 987). 
Wagner, H. and Schwarting, G. ;  Phytochemislly, 1 6, 7 1 5  ( 1 977). 

693 

Wagner, H .; in "The Biology and Chemislly of the Compositae " (Heywood, Y.H. ,  Harbome, 
J.B. and Turner, B.L. ,  eds.), 1 , 41 1 ,  Academic press, London (1 977). 

Wagner, M .L. ,  Strittmatter, C.D., Kade, M . ,  Rivero, M . ,  Ricco, R.A. and Gumi, A.A.; Phyto11 
(Buenos Ai res), 58 ( I /2), 1 41 ( 1 996). 

Waheed, A., Sabir, A. W. and Sattar, A.; Proc. Pak. A cad. Sci., 29(3), 237 ( 1 992); CA., 1 18, 
1 43459. 

Walewska, E. and Strzelecka, H . ;  Herha Pol., 30(3-4), 1 5 1 ( 1 984); C.A. , 104, 203832. 
Walker, B . ;  East A_(,: Ag,: Forest. J., 35(1 ), 2 ( 1 969); C.A., 72, 54224. 
Wal l ,  K.A., Pierce, J.D. and Elbein, A.D.; Proc. Natl. Acad. Sci. U.S.A. , 85, 5644 ( 1 988).  
Wallaart, R.A.M .; Proc. K. Ned. Akad. Wet., Se,: C., 84 (I), 77 ( 1 98 1 ); C.A., 94, 20542 1 .  
Wal lace, A .  Romney, E .M. ,  Alexander, G.Y. and Kinnear, J.E.; Great Basin Nat. Mem., 4, 

1 46 (1 980a); C.A. , 95, 58 1 30. 
Wal lace, A., Romney, E .M. ,  Hunter, R.B., Kinnear, J.E. and Alexander, G .V.; Great Basin 

Nat. Mem.,  4, 1 59 (1 980b), C.A., 95, 58 1 31 .  
Wal lace, J.W., Porter, P.L., Besson, E. and Chopin, J. ; Phytochemislly, 21 , 482 ( 1 982). 
Wang, Y., Douglas, G.B . ,  Waghom, G.C., Barry, T.N. Foote, A.G. and Purchas, R.W.; J. 

Agric Sci. , 1 26, 87(1 996b ) .  
Wang, B .K. ,  Xing, S.T. and Zhou, J. H .; Zhongguo Yao/ixue Yi, Dulixue Zazhi, 4(1 ), 39 

( 1 990). 
Wang, H .-L., Zhang, C.-L. and Chen, G.-C.; Zhiwu Xuebao, 35, 936 ( 1 993); C.A., 12 1 ,  78303. 
Wang, J. and Lin, X.; Zhongcaoyao, 27(3), 1 54 ( 1 996); C.A., 1 25, 204636. 
Wang, Q., Tang, G. ,  Zhao, W., Fu, F. and Zhao, L., Zhongguo Mianyixue Zazhi, 14(2), 1 29 

( 1 998c); C.A. , 1 29, 30 1 627. 
Wang, S., Ghisalberti, E.  and Ridsdil l - Smith, J. ; J. Nat. Prod. , 16, 508 ( 1 998a). 
Wang, T. and Peverly, J.H . ;  Soil Sci. Soc. Am. J.; 60, 323 (1 996); C.A., 1 24, 1 1 6 1 1 3. 
Wang, W., Chen, L. and Cui, H.; Zhiwu Xuebao, 41 ,  903 ( 1 999); C.A. ,132, 262668. 
Wang, W.; Envinron. Toxicol. Chem., 6, 409 ( 1 987). 
Wang, W. ; Zhongcaoyao, 27(4), 21 1 ( 1 996); CA., 1 25, 204637. 
Wang, W.M .  and Klopfenstein, C.F.; Cerel Chem. , 70, 7 1 2  ( 1 993). 
Wang, X., L i, L., M uhuyati, Wang, X. and Du, N. ; Zhongguo Zhongyao Zazhi, 23, 554 (1 998b); 

C.A. , 1 30, 1 9 1 843. 
Wang, Y. , Ohtani, K., Kasai, R. and Yamasaki, K.; Phytochemislly, 45, 8 1 1  ( 1 997). 
Wang, Z., Cai, X., Kang, Y. and Wei, F . ; Zhongcaoyao, 27, 7 1 4  ( 1 996a); C.A. , 1 26, 1 97398. 
Wannigama, G.P., Volkman, J.K., Gillan, F.T.; Nichols, P.D. and Johns, R.B.; Phytochemishy, 

20, 659 (I 98 1 ) .  
Warrag, M .O.A.; J. Arid. Environ. ,  27, 79 ( 1 994). 
Warrag, M .O.A. ;  J. Arid Environ., 3 1 , 415 ( 1 995); B.A., 10 1 ,  73084. 
Wasft, I .A., Bashir, A.K.,Abdalla, A.A., Banna, N.R. and Tanira, M.O.M.; lnt. J. Pharmacogn., 

33, 1 24 (1 995). 
Wasicky, R. and Ferreira, C.; Annais faculdode farm. e odontol. Univ. Sao Paulo, 9, 35 

( 1 951 ); CA. , 46, 1 1 584. 
Was icky, R.; Pia ma Med. ,  9, 232 ( 1 96 1  ). 



I 
-- -� - - �-

694 AI-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M.  

Wasicky, R . ;  Ze11t1: Bioc/1em. Biophys. , 20, 5 1 1 ( 1 91 9) ;  CA. , 1 4, 3 1 1 .  
Wassel ,  G. ,  EI-Mcnshawi, 8., Saeed, A., Mahran, G. and El-Merzabani, M. ;  Pharm{i=ie., 42, 

709 ( 1 987b ). 
Wassel ,  G., EI-Menshawi, 8., Saeed, A., Mahran, G.  and Reisch, J.; Sci. Pharm., 55, 1 63 

( 1 987a). 
Wassel ,  G.M. and Ammar, N.M.; Fitoterapia., 58, 3 67 ( 1 987). 
Wassel ,  G.M. ,  Abdel Wahab, S.M. ,  Aboutabl, E.A., Ammar, N.M. ,  Yassin, N. and Afifi, M. ;  

Egypt . .J. Phann. Sci., 38,  43 ( 1 997). 
Wassel ,  G.M. ,  8aghdadi, 1-1.H. and El- Difrawy, S.M.; Fitoterapia, 50, 5 1  ( 1 979). 
Wassel ,  G.M., EI-Difrawy, S.M. and Saeed, A.A.; Sci. Phann., 53, 1 69 ( 1 985). 
Wassel ,  G .M. ,  Rizk, A.M.  and Abdel-Bary, E.F.; Qua/. Plant. Mate,: Vege., 22, 1 1 9 ( 1 972). 
Wasti, S. , Jajua, K.M., Ganai, Y. , Sheikh, M.A. and Iqbal, J .; Pak. J. Phann. (Lahore), 5( 1 -2), 

89 ( 1 992); CA., 1 1 9, 2 ! 03 1 2. 
Watanabe, K., Miyakado, M., lwai, T., Izumi, K. and Yanagi, K.; Agric. Biol. Chem., 52, 

1 079 ( 1 988), CA. , 108, 21 9033. 
Watanabe, S. and Aoki, T.; Jpn Kokai Tok/..yo Ko/10 JP 05 15, 340 (93, I 5, 340), (Cl. A23ll/308), 

26 Jan ( 1 993); CA., 118, 1 68055. 
Watanabe, Y.; Zasso Ke11/..yo, 10, 1 9  ( 1 970a) . 
Watanabe, Y. ; Zasso Ke11/..yo, 10, 24 ( 1 970b ). 
Wathelet, 8., Marl ier, M ., Dardenne, G.  and Casimir, J . ;  PhytochemisllJ', 27, 607 ( 1 988). 
Wathugala, A.G. ,  Suzuki, T. and Kurihara, Y. ; Water Res., 21, 1 2 1 7  ( 1 987); CA., 108, 1 0663 . 
Watson, M.C., O' Leary, J.W. and Glenn, E.P. ;  J. Agric. E11ivron. ,  13, 293 ( 1 987). 
Watson, M.C.; Agric. Ecosystems & E11ivro11111ent , 32(1 -2), I 07 ( 1 990) 
Watson; S. A.; in "So,ghum: Production and Utilizatio11s", (Wall ,  J .S. and Ross, W.M., eds.), 

602, Westport, Conn. :  AV! Publishing Co., Inc. ( 1 970). 
Watt, J .M.  and Breyer-Brandwijk, M.G.; "The Medicinal and Poisnous Plants of Southerm 

a11d Easterm A_fi·ica ", 2nd ed ., E. & S. Levingstone , Ltd., Edinburgh, London ( 1 962). 
Wattiaux, M.A., Dombs, D.K. and Shaver, R.D.; J. Dai,y Sci., 77, 1 604 ( 1 994). 
Wattiez, N. and Hans, M .; Bull. Acad. Roy. Med. Belg., 8, 386  ( 1 943); CA., 39, 4849. 
Weaver, C.A., Hamaker, B.R. and Axtel l ,  J.D.; Cereal Chem.,  75, 665 (I 998). 
Webb, L.J; C.S.J.R. O. Australia (Melbourne), Bull. No. 232, 61 ( 1 948). 
Webb, M .E. and Harbome, J.B . ;  Biochem. Syst. Ecol., 19, 8 1 ( 1 99 1 ) .  
Weber, E.J . ;  Nature, 272, 486 ( 1 978). 
Wei, A. and Zhou, R. ; Zhongguo Youzhi., 25(1), 53 (2000); CA., 133, 1 63327. 
Wei ,  F. and Yan, W., Yaoxue Xuebao, 32, 765 ( 1 997); CA. ,  1 28, 3 06209. 
Weigel ,  P. and Larher, F.; C.R. Acad. Sci., Se,: 3, 3 00, 65 ( 1 985); CA. , 102, 1 63 962. 
Weiner, M.A., "Earth Medici11e - Earth Foods" (Plant Remedies, Drugs and Natural Foods 

of the North America11 l11dia11s), Col l ier-MacMillan Ltd. ,  London ( 1 972) . 
Weiser, I . ;  Kiser/et Kozlem, 27, 1 6  ( 1 924); CA. ,  20, 965. 
Weiser, R.; Fortschritte der Landwirthschafi, 2, 6 ( 1 927). 
Weissenboeck, G., Schnabl, H . ,  Sachs, G . ,  Elbert, C. and Heller, F.O. ; Physiol. Plant., 62, 

356 ( 1 984); CA., 102, 593 53 . 
Weitz, R. ; Bull. Sci. Pharmacol. , 28, 562 ( 1 92 1 ); CA., 16, 1 448. 
Welch, R.W. and Leggett, J.M. ;  J. Cereal Sci. , 26, 1 05 ( 1 997). 



Chemical Conslilucnls and Nutritive Values of Range Plants in Qatar 695 

Wermke, G.; Landwirt. Forsch. So11derl1 . ,  28, 246 ( 1 973). 
Wernli, C.G. and Wilkins, R.J . ;  J. Argie. Sci. Camb., 94, 209 ( 1 980a). 
Wernli, C.G. and Wilkins, R.J . ;  J. Argie. Sci. Ca111b. ,  94, 2 1 9  ( 1 980b). 
West, C.J . ;  Paper 28, No. 1 1 , 28; No. 1 2, 25, 39 ( 1 921  ); C.A., 1 5, 2983. 
Westerlund, E., Adersson, R. and Aaman, P. ; Carbohyd,: Polym. , 20, 1 1 5 ( 1 993). 
Weslhafer, M .A. ,  Law, J .T. , Jr., and Duff, D.T. ; Agron. J., 74, 270 ( 1 982); C.A. , 97, 38027 . 
Westlake, D.F. ; Biol. Rev., 38, 385 ( 1 963). 
Wheeler, J .L. and Hedges, D.A. ;  Aust. J. Agric. Res., 23, 825 ( 1 972). 
White, K.N., Bel l inger, E. and Cardenas, A. ;  Clean Technol. Min. Ind. , Proc. Int. Conf 3"1, 

(Sanches, M.A. ,  Vergara, F. and Castro, S.H . ,  eds.), 1 29, Univ. Concepcion, 
Concepcion, Chile, ( 1 996); C.A., 1 28, 79237. 

Wickens, G.E.; in "Browse in Aji-ica, the Current State of Knowledge", (Le Houcrou, H .N. ,  
ed.), 1 55, Addis Ababa: International Livestock Centre for Africa ( 1 980). 

Wild, G.M.  and French, D. ; Proc. Iowa A cod. Sci. , 59, 226 ( 1 952). 
Wildeman, E. de; Me111. inst. Colon. Belg. , 1 8(2) ( 1 949). 
Wilkins, R.J . ;  J. Ag,: Sci. , 78, 457 ( 1 972) .  
Wilkinson, S. ; J.Chem. Soc., 2079 (1958). 
Willard, E .E . ,  and Schuster, J .L. ;  J. Range Manage. , 26, 37 ( 1 973). 
Wil l iams, M . ,  Barnes, R.F., and Cassady, J .M. ;  Crop Sci., 1 1 ,  2 1 3 ( 1 97 1  ). 
Wil l iams, M.C. and Barne by, R.C.; Brittonia, 29, 31 0 ( 1977a). 
Will iams, M.C. and Barneby, R.C.;  Brittonia, 29, 327 ( 1 977b). 
Wil l iams, M.C. and Davis, A.M. ;  J. Range Manage. , 35, 113 (1982). 
Wil l iams, M.C. and James, L.F.; in " Effects of Poisonous Plants on Livestock" (Keeler, 

K.R., Van Kempen, K.R. and James, L.E., eds.), 379, Academic Press, New York 
( 1 978). 

Wil l iams, M .C. and James, L.F. ; J. Range Manage. , 28, 260 ( 1 975) .  
Will iams, M.C. and James, L.F. ; J. Range Manage. , 29,  165 (1976). 
Wil l iams, M .C., James, L.F. and Bond, 8.0. ;  Am. J. Vet. Res., 40, 403 (1979). 
Wil l iams, M .C. ,  N orris, F.A. and. Van Kampen, K.R.; Am. J. Vet. Res., 31 , 259 (1970). 
Wil l iams, M.C. ;  Agron. J. , 73, 434 (1981 b). 
Wil liams, M .C. ;  Aust. J. Exp. Agric. and Anim. Husb., 20, 1 62 ( 1 980). 
Wil l iams, M.C. ;  Weed Science, 29, 261 (1981a) .  
Wil l iams, M.J. and Hanna, W.W. ; Tropical Grasslands, 29(2), 122 (1995); B.A., 10 1 ,  30409. 
Wil lms, W., M cLean, A. and Kain in, C.; Can. J. Plant Sci., 60, I 31 (1980). 
Wills, R.B.H .  and Rangga, A. ; Food Chem. , 56, 45 I (1996). 
Witman, D. and Al timimi , A.K.; J. Sci. Food Chem. , 33, 595 (1 982). 
Witman, D. and Derrick, R. W.; J. Ag,: Sci. , Cambridge, 1 22, 217 ( 1994). 
Witman, D. and Riley, J. A.;  J. Ag,: Sci. , Cambridge, 1 20, 43 (1993). 
Wilson, A.D., Aust. J. Agric. Res., 28, 501 (1977). 
Wilson, C.M. ;  in "Seed Proteins Biochemisliy, Genetic, Nutritive Value", Gottschalk, W. and 

M . I ler, H .P. eds.), Martin us N ijhoff/Dr. Junk Publ ishers, The Hague/Boston/ London 
(1983b). 

Wilson, G. and Barkus, B. ; Ag,: Gaz. NS. Wales, 76, 222 (1965) . 
Wilson, J .R. and Ng, T.T.; Aust. J. Agric. Res. , 26, 127 (1975). 



696 AI-Easa, H .S; Rizk, A.M.; Abdel-Bari, E.M. 

Wilson, J .R. ,  Jones, P.N. Minson, D.J. and et al., Tropical Grasslands, 20, 1 45 ( 1 986). 
Wilson, J .R. ;  Agric. Res., 34, 377 (1 983a). 
Wil son, J .R. ;  in "Nutritional Limits to Animal Prod11ctio11 .fi-om Pastures ", (Hacker, J .B . ,  

ed. ), 1 1 1 , Commonw. Agric. Bur.: Farnham Royal ,  U .K.  ( 1 982). 
Wilson, J .R. ;  Proc. X/Vth /111. Grassland Congress, Lexi11gto11, Ky, U.S.A., 470 (1 981 ). 
Wilson, J .R. ;  Proceeding of the XV l11ternatio11al Grassland Congress, Kyots, Japan. , 49 

( 1 985). 
Wiltshire, G .H . ;  Proc.-Grassl. Soc. South A.fi·., 15, 1 1 7  (1 980); CA., 95, 96095. 
Windham,W.R., Amos, H .E. and Evans, J.J. ; J. Agric. Food Chem. , 35, 698 ( 1987). 
Winter, W. 1-1 . , Edye, L.A., and Willams, W.T.; Aust. J. Exp. Agric. Anim. Husb., 7, 1 87 (1 977c). 
Winter, W. 1-1 . ,  Edye, L.A., Mcgarrity, R.C.  and Wil l iams, W.T. ; Aust. J. Exp. Agric. A11im. 

Husb., 17, 66 ( 1 977b). 
Winter, W. 1-1 ., Siebert, B.D. and Kuchel, R.E. ;  Aust. J. Exp. Agric. Husb., 17,10 (1 977a). 
Woerner, M. and Schreier, P. ; Z. Lebensm.-U11ters. Forsch. , 1 90, 425 ( 1 990). 
Wohrmann, R., Averbeck, M. and Maier, I-1 .G. ;  Disch. Lebensm. Rundschau, 93, 285 ( 1 997) . 
Woldu, Y. and Abegaz, 8 . ;  Phytochemis/JJ', 29, 201 3 (1 990). 
Wolkowski, A., Fornal, J., Lewandowicz, G. and Sadowska, J.; Pol. J. Food Nut,: Sci. , 6(2), 

1 1  (1 997); CA. , 1 27, 21 9774. 
Wolverton, 8.C. ;  Econ. Bot., 36, 373 (1 982). 
Wong, K.C., Chee, S.G .  and Tan, C.H. ;  J. Essen/. Oil Res., 8, 323 ( 1 996). 
Wood, K.V., Stringham, J . ,  Smith, D.L., Volenec, J.J . ,  Handeshot, K.L., Jackson, K.A., Rich, 

P.J . ,  Yang, W.J. and Rhodes, D. ; Plant. Physiol., 96, 892 (1 99 1 ) . 
Wood, P.I . ,  Weisz, Fedec, P. and Burrows, V.D.; Cereal Chem. , 66, 97 (1 989). 
Woods, D.L. and Clark, K.W.; Can. J. Plant Sci., 51 , 323 { 1 97 1b); CA., 75, 4571 9. 
Woods, D.L. and Clark, K.W.; Can. J. Plant Sci., 54, 89 ( 1 974). 
Woods, D.L. and Clark, K.W. ;  Crop Sci., 1 1 ,  1 2 1 ( 1 971 a); CA., 74, 954 1 6. 
Woods, F.W.; J. Range Manage. , 12,  1 41 ( 1 959). 
Wrangham, R.W. and Watennan, P.G. ;  J. Animal. Ecol., 50, 7 1 5 (1 981 ) .  
Wright, M.J .  and Davison, K.L.; Adv. Agron., 16, 1 97 ( 1 964) 
Wu, E., Komolpis, K. and Wang H .Y. ; Biotechnol. Tech. , 13 , 567 ( 1 999) .  
Wu, G. ,  Jiang, S. , J iang, F., Zhu, D. ,  Wu, H.  and Jiang, S. ; PhytochemisliJ', 42, 1 677 ( 1 996). 
Wu, H. and Corke, H . ;  Cereal Chem., 76, 877 ( 1 999). 
Wu, H., Sun, M., Yue, S., Sun, H . ,  Cai, Y., Huang, R., Brenner, D. and Corke, H . ;  Genetic 

Resources and Crop Evaluation, 47, 43 (2000). 
Wu, H., Yue, S., Sun, H .  and Corke, H.; Starch/St%orke. , 47, 295 ( 1 995). 
Wu, L., Guo, X. and Harivandi, M.A.; Environ. Exp. Bot., 39(2), 1 59 (1 998); CA., 129, 

25830. 
Wu, N. and Wang, D.; Zhongcaoyao, 16, 1 03 ( 1 985); CA., 103, 761 1 6. 
Wu, S., Zhang, J . ,  Xu, T., Li, L. , Zhao, S. and Lan, M. ; Zhongguo Zhongyao Zazhi, 1 8, 685 

( 1 993); CA., 120, 95524. 
Xia, R., Yang, X. and Xiao, Z. ; Zhongyao Tongbao, (6), 270 ( 1 984); CA., 102, 1 09807. 
Xiong, Q., Hase, K., Tezuka, Y., Tani, T. , Namba, T. and Kadota, S.; Planta Med. , 64, 1 20 

(1 998). 
Xiong, Q., Kadota, S. and Namba, T.; Wakan Jyakugaku Zasshi, 13 , 360 ( 1 996a); CA., 1 27, 

1 5429. 

=-- �--. - - - - - ---------=-----=-



Chemical Constituents and Nutritive Values of Range Plants in Qatar 697 

Xiong, Q., Kadota, S. , Tani, T. and Namba, T. ; Biol. Phann. Bull., 1 9, 1580 (1996b) ;  C.A., 
1 26, 152388. 

Xu, J . ,  Lin, P., Meguro, S. and Kawachi, S. ; Moku::::ai Gakkishi, 43, 875 (1997a). 
Xu, L. , Wang, S. and Zhu, T. ; Zhiwu Xuebao, 28, 523 (1986b); C.A., 1 06, 30035. 
Xu, L., Wang, S., Zhu, T. and Yu, D.; Yaoxue Xuebao, 22, 433 (1987); C.A., 108, 52761. 
Xu, N ., Coulter, K.M., Krochko, J.E. and Bewley, J .D.; Seed Sci. Res., 1 (2), 119 ( 1 991); 

C.A., 1 19, 68158 . 
Xu, S., Patterson, G.W. and Schmid, K. ;  Phytochemisfly, 25, 1 883 (1986a). 
Xu, Y., Zhang, Q. and Wu, Q. ;  Shanghai Dier Yike Daxue Xueboa, 17(5), 357 (1997b); C.A., 

1 29, 1 31126. 
Xu, Y.-X., Chen, H.-S., Liang, H.-Q., Gu, Z.-B., Liu, W.-Y., Leung, W.-N. and Li, T. -J. ;  

Planta Med., 66, 545 (2000). 
Xu, Y. -X. ,  Chen, H.-S., Liu, W.-Y., Gu, Z.-B. and Liang, H.-Q.; Phytochemisfly, 49, 199 

(1998) . 
Xu, Z., Yang, J ., Lu, R., Lu, Y., Zhou, J . ,  Zheng, Q. and Yang, S. ; J. Chin. Phann. Sci., 8(2), 

61 (1999b); C.A., 131 ,  2403 93 . 
Xu, Z., Yang, S., Yang, J. and Lu, R.; Zhongcaoyao, 30, 244 (1999a); C.A., 131 ,  240384. 
Xu. X., Zhang, C., and Li, C.; Zhongguo Zhongyao Zazhi., 21 ,  676 (1996); C.A. 126, 314804. 
Xue, D., Zhang, M., Wu, X. ,  Chen, X. and Zhang, Y.; Zhongguo Zhongyao Zazhi, 20, 687 

(1995); C.A., 1 24, 242441. 
Xue, D.; Faming Zhuanli Shenging Gongkai Shuomingshu CN 1111 989 A22 Nov (1995); 

C.A., 1 24, 270598. 
Xue, D.; Zhongguo Zhongyao Zazhi, 22(3), 170 (1997); C.A., 1 27, 245503 . 
Yadav, l . S.P.; Indian Forester, 101 ,  385 (1975) . 
Yagi, A . ,  U emura, T. , Okamura, N . ,  Haraguchi, H. ,  I moto, T. and Hashimoto, K.; 

Phytochemislly, 35, 885 ( 1994). 
Yahara, S. , Kohiyouma, M. and Kohoda, H. ; Phytochemislly, 53, 469 (2000). 
Yakovlev, A.I. and Churilov, G.l . ;  Khim. Pri,: Soedin. ,  795 (1978). 
Yakovlev, A.I . ,  Churilov, G.l .  and Ginak, A.I . ;  Khim. Pri,: Soedin., 619 (1985); CA., 1 04, 

85430. 
Yamada, H., Nagai, T., Cyong, J .C., Otsuka, Y. , Tomoda, M., Shimizu, N. and Gonda, R. ; 

Carbohyd,: Res., 156, 137 (1986). 
Yamaguchi, K., Shinohara, C., Kojima, S., Sodeoka, M. and Tsuji, T. ; Biosci. Biotechnol., 

Biochem., 63, 731 (1999). 
Yamaguchi, M.-A., Kawanobu, S., Maki, T. and Ino, I . ;  PhytohemistJy, 42, 661 (1996). 
Yamaki, M., Kashihara, M. and Takagi, S. ; Shoyakugaku Zasshi, 43(3), 261 (1991) . 
Yamamoto, K.; Kagaku to Kyoiku, 44(3), 188 (1996); C.A., 1 24, 292124. 
Yamasaki, Y., Kono, H. and Masima, H.; Phytochemist,y, 41 ,  703 (1996) . 
Yan, R., Wang, J . ,  Liu, S., Guo, N. and Guan,Y. ; Zhongguo Zhongyao Zazhi, 23(7), 398 

(1998); C.A. , 129, 347351. 
Yan, W., Ohtani, K., Kasai, R. and Yamasaki, K.; Phytochemist,y, 42, 1417 (1996). 
Yanez, E. ,  Zacarias, I . ,  Granger, D., Vasquez,M. and Estevez, A.M.; Arch. Latinoam. Nuh: , 

44(1), 57 (1994); C.A., 1 24, 174144. 
Yanez, G. , Messinger, J .K., Walker, C.E. and Rupnow, J .H.; Cereal Chem. , 63, 273 (1986). 



,... _ _  I •  I ' • 

704 

australis, 377 
phragmites, 377 
vu/garis, 377 

ASCLEPIADACEAE, 54-61 ,  570, 574, 
578, 581 

ASTERCEAE, 1 25-147 
Asthe11atheru111 forsskalii, 279 
Astraga/us, 1 74-186 

a111111ode11dro11, 179 
a11strosibi11111cL1s, I 74 
biscll!atus, 175, 180, 182 
boeticus, 176 
brachycmplls, 179 
brachyceras, 184 
canade11sis, 182 
caL1casicL1s, 179 
ceratoides, 174 
c/11ysopterus, 175 
cicer, 179 
co111pla11atL1s, 179 
corrugatlls, 174, 1 83 
crL1ciatL1s, I 83 
dahuicus, I 79 
da11cicL1s, 179 
dasynthlls, 176 
dissectus, I 76 
echidnaeformis, 176 
e11101ya11L1s var. emo,ya,ws, 180 
eremophilus, 174, 1 83-184 
falcatus, 179, 182 
falcinelllls, 183 
folicll!aris, 174 
ji·agidlls, 179 
g/obiceps, 177 
g/ycophyllos, I 79 
hamOSllS, 174, 184-185 
hL1anghee11sis, 175 
inca11L1s, 182 
lasioglettis, 179 
leh111a1111ia11L1s, 176 
lentiginoslls, I 74, 179, I 80, 182 
melilotoides, 174 
membranacells, 175, 176, 179, 182, 

183 
membra11ce11s mistura, 182 
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111e111bra11ceL1s var. mongholicus, 179 
111icrocepha!L1s, I 77 
miser, 181 
miser var. serotinlls, 181 
mollissi111L1s, 182 
111011gholicus, 176, 179, 183 
oleifolills, 177 
011ob1J,chis, 174, 179 
orbicL1/atL1s, I 77 
peregrinlls, I 77 
polyga/a, 179 
ponticus, 182 
praelonglls, 182 
propi11gL1s, 174 
propi11g11us, 174 
puberullls, 174 
pycanthlls, 176, I 77 
racemosus, 175, I 82 
shikokianlls, 177, 179 
sieberi, 1 85-186 
sieversienus, 176 
sulcatlls, 174 
tana, I 79 
taschke11dicL1s, 176 
testiculatlls, 174 
tibetanus, 175, 179 
tribllloides, 174, 186 
trigo11L1s, 177 
trojanus, 177 
1 1 11ifo/iatus, I 68 

Atrip/ex, 106, 84-92 
amincola, 85 
arenaria, 90 
barclayana, 89 
brewerii, 87 
bunbwyana, 88 
ca/otheca, 86, 87 
canescens, 85-87, 89 
cinerea, 88 
confertifo/ia, 85, 86 
cordobensis, 85 
crenatifo/ia, 87 
Cllneata, 85 
griffithii, 86, 88 
halimlls, 85, 88, 90 
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hortensis, 87 
hy111e11elytra, 86 
lampa, 85-88 
le11tifor111is, 85-87, 89, 90 
leucoclada, 91-92, 570, 574, 5 8 1  
le11coclada var. turkomanica, 9 1 ,  92 
!illora/is, 86, 90 
nitens, 85,  90 
11u11111w/aria, 85, 87-90 
pat11/a, 86, 87 
po(vcmpa, 85, 89 
por/11/acoides, 1 56 
prostrata, 86 
repanda, 88,  89 
rhagodioides, 85, 88, 89 
semibaccata, 90 
spo11giosa, 85 
suck/eyi, 89 
tria11gt1/aris, 86, 87 
1111d11/ata, 85, 88, 89 
verrucifera, 89 

Avena, 253-266 
abyssinica, 260 
barbata, 256, 257, 264 
ca11ariensis, 254, 256, 257, 264 
eriantha,  254, 256, 257, 264 
.fat11a, 255,  259, 260 
.forsskalii, 279 
hirtt1/a, 256, 257, 264 
longig!wnis, 256, 257, 264 
111aroccana, 254, 256, 257, 264 
111lllphyi, 256, 257, 264 
nuda, 255, 263-266 
prostrata, 254, 256, 257, 264 
pumila, 394 
saliva , 253-255, 259-265, 368, 369 
sterilis, 256, 257, 260, 264, 266 
strigosa, 260 
ventricosa, 254, 256, 257, 264 

Avice11nia, 61-67 
alba, 6 1 -63 
graminans, 63 
marina, 2, 61 , 63, 64-67, 570, 574, 

578, 5 8 1  
o_fjicina/is, 62-64, 66, 67 

shaueriana, 61 
tomentosa, 62 

AVICENNIACEAE, 61-67, 570, 574, 
578, 5 8 1  

B 
Blepharis, 19-22 

ciliaris, 19-22, 570, 58 1 
edt1lis, 1 9  
persica, 1 9-22 
sindica, 1 9  

Brachiaria 
dect1mbe11s, 345 
rt1ziziensis, 303 

Brachypodit1111, 266-267 
distachyom, 267 
phoenicoides, 266 
podit1111, 267 

Brassica, 67-73 
arabica, 73 
campestris, 67, 68, 80 
campestris chinensis, 68 
campestris marinosa, 68 
carinata, 68, 70, 72 
cemta, 73 
chi11e11sis, 72, 73 
costata, 70 
esculenta, 70 
gemm{fera, 70 
hirta, 70 
jt111cea, 67, 68, 70, 72, 423 
kaper, 70 
napobrassica, 71 
11apt1s, 67-70, 72 
nigra, 70, 72 
nitra, 70 
oler, 70 
o!eracea, 67, 69, 70, 72 
oleracea var. acephala, 70 
oleracea alboglobra, 68 
o/eracea var. moe/leria, 71  
oleracea var. troncllllda, 70 
parachinensis, 72 
pekinensis, 72, 73 

705 



7 1 0  

papposa, 3 1 4, 319 
pilosa, 3 1 4, 3 1 9-321 
plana, 319 
superba, 275, 3 1 3 , 3 1 9  
teJJ; 3 1 4, 3 1 6-3 1 8  
te1111ifolia, 319 
trichoides, 318 
viscosa, 319 

Epibaterium pe11d11!11s, 423 
Eremopogon foveolatus, 299 
Erodium, 248-250 

boll)'S, 249 
cicutarium, 248, 249 
foetidum, 249 
g!aucophyllum, 249-250 
laciniatum, 250 
malacoides, 248 
moschatum, 248 
pyramidatum, 250 

Eruca, 74 
saliva, 77 

Erucastrum arabicum, 73 
Erythrina, 421 
Euchlaena mexicana, 368 

F 
FABACEAE, 171- 247, 571, 575, 578, 

582 
Fagonia, 546-554 

arabica, 54 7, 548 
burgieri, 547, 548, 549-550 
cretica, 547, 552 
glutinosa, 547, 548, 550 
indica, 551-552, 573, 577, 580, 584 
mol!is, 547, 548 
1110/lis var. grandiflora, 548 
ovalifolia, 552-553, 573, 577, 584 
parviflora, 547, 548 
taeckholmiana, 548 
tenuifolia, 553-554 
thebaica, 549 
tristis, 549 

Festuca, 329 
arundinacea, 329, 330, 332, 370, 374 
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rubra, 329 
Fistica distachyosa, 267 
Frankenia, 247 

co,ymbosa, 247 
ericifolia, 24 7 
laevis, 247 
laevis var. capitata, 247 
pulveru!enta, 247, 575 
thymifolia, 247 

FRANKENIACEAE, 247, 575 

G 
Galega orientalis, 238 
GERANIACEAE, 248-250, 57 1 , 575, 

579, 582 
Geranium 

crassifolium, 249 
glaucophyllum, 249 

Glimus c1ystallinus, 22 
Glossonema edule, 54-57, 570, 581 
Gnetum, 168 
Glycine max, 448 
GRAMINEAE, 250-414 
Griffonia simplicifolia, 243 

H 
Halopyrum mucronatum, 321 
Haloxy/011, 1 02-105 

recurvum, I 03 
salicornicwn, 1 04-105, 570, 574, 578, 

581 
schmittiana, I 03 

Hammada, 1 02-1 05 
articu!ata ssp. scoparia, I 03 
elegans, 1 04, 1 05, 570, 574, 578, 581 
leptoclada, I 02 
salicornica, I 03, I 04 
vokhanica, I 03 

Helianthemum, 1 23-125 
caput-felis, 124 
glomeratum, 124 
kahiricum, 124 
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lava11d11/(/oli11111, 1 24 
lippii, 1 24 
lippii var. sessil(!oli11111, 1 24 
111111111111/ari11111, 1 23 
ova/11111, 1 24 
sq11a111at11111, 1 24 

Helia11th11s a11111111s, 305 
Heteropogo11 co11tort11s, 302 
Holc11111 

lwlepe11sis, 405 
Horc/e11111, 32 1 -325 

disticl,011, 321 , 322 
g/11c11111, 322 
hexasticho11, 322 
_j11bat11111, 322 
11111ri1111111, 322 
sativum, 322, 325 
valgare, 321 , 322-325 

Hydrastis ca11ade11sis, 249 

I 

ljloga, 128-129 
spicata, 1 28-1 29, 570, 574 

Jndigofera, 1 86-192 
anil, 1 90 
argentea, 1 92 
arrecta, 1 90 
articulata, 1 90, 191- 192, 571 , 575, 

582 
austra/is, 1 87 
e11doca1phylla, 1 88- 1 91 
e1111eaphylla, 1 87, 1 89, 1 90 
ga/egoides, 1 89, 1 91 
gerardina, 1 88 
gla11d11/osa, 1 86, 1 87, 1 90 
glauca, 1 91 
hetrantha, 1 88, 1 90 
hirsuta, 1 86- 1 88, 1 90 
kirilowi 1 90 
linifo/ia, 1 87, 1 88, 1 90 
longeraccmosa, 1 9 1 
microca,pa, 1 90 
111ysorc11sis, 1 90 
spicata, 1 87- 1 91 

subulata, 1 90 
s1!ffi-i1ticosa, 1 90 
su111atra11a, 1 90 
tinctoria, 1 89, 1 90, 1 92 
tr(/oliata, 1 86, 1 87 
Irita, 1 87 
wightii, 1 87 

Ixeris 

J 

c/1i11e11sis, 1 30 
de11tic11/ata, 1 3 0  
de11tic11/ata var. pi1111atipartita, 1 3 1  
so11chifolia, 1 3 1 ,  1 32 

JUNCACEAE, 414-41 8, 572, 576, 579, 
583 

J1111cel/11s laevigata, 1 64 
J1111cus, 414-418  

K 

acutus, 4 1 6  
arabicus, 4 1 7  
bufonius, 4 1 4, 4 1 6  
e.ffi1s11s, 4 1 4-4 1 7  
effi1ses var. dccipiens, 4 1 7  
gerardii, 4 1 5, 4 1 6  
interior, 4 14  
maritimus, 4 1 7, 4 1 8  
rigidus, 417-41 8, 572, 576, 579, 583 
rosmarinus, 4 1 4-4 1 7  
spinosus, 4 1 7  

Koe/aria pumila, 394 

L 
Lactuca, 1 29-133 

chi11e11sis, 1 3 0  
denticu/ate, 1 3 1  
jloridana, 1 29 
indica, 1 3 1 ,  1 32 
laciniata, 1 29, 1 32 
quercina, 1 3 1  
sa/igna, 132 

- �---- --- --.. - -- - --- - - - - --� -
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saliva, 1 29, 1 3 1 
saliva var. /011g(fcJ/ia, 1 29, 1 30, 1 32 
serriola, 1 29, 1 30 
so11c/1(/blia, 1 32- 133 
lalarica, 1 29, 1 3 1 
virosa , 1 29, 1 31 ,  1 32 

lago11ychiu111 .fc1rcl11111, 452 
la111i11111 p1111J11re11111, 485 
lasiurus, 325-326 

hirsulus, 325, 326, 572, 575, 579 
si11dic11s, I ,  325-326, 572, 575, 579, 

583 
la1111aea, 1 33-137 

arboresce11s, 1 33 
mple11ijolia, 1 33 
capilala, 134-135, 570, 574, 578, 581 
glomerala, 1 34 
/111/C/'Ollala, 135-1 36, 571 , 574, 578, 

582 
1111dica11/is, 1 36-1 37 
pi1111a1(/ida, 1 33 
resed(folia, 1 33 
spi11osa, 1 33, 1 34 
lenuiloba, 1 33, 1 34 

leo11todo11 11111cro11a111111, 1 35 
lepidiwn, 73-76 

aucheri, 76 
bo11arie11se, 73, 75 
campeslre, 73-75 
carlilaginewn, 75 
draba, 75 
gra11111(foliu111, 75 
helerophy//a, 75 
helerophy/lum, 74 
hyssop(fo/iwn, 73, 75 
lat(fo/i11111, 75 
meyenii, 74 
meziessii, 75 
pe1foliatum, 75 
ru11dernle, 75 
salivum, 73-75 
sordidic/11111, 75 
:,)'vaschiwn, 75 

leptadenia, 58-61 
haslala, 58, 60 

AI-Easa, 1-1 .S; Rizk, A.M.; Abdel-Bari, E.M. 

helerophy/la, 58, 59 
pyrolecllllica, I ,  60-6 1 ,  570, 578 
reliculala, 58, 59 
spar1i11111, 61 

leplochloa.fi1sca, 457 
li111011iw11, 1 55, 490-492 

a11re11111, 490 
axil/are, 1 1 3, 491-492, 573, 576, 580, 583 

bi11ervos11111, 490 
bo11d11e/li, 490 
gme/inii, 490, 49 1 
/al(fo/i11111, 49 1 
meyeri, 49 1 
si11e11se, 490, 49 1 
si1111alum, 490 
vulgare, 49 1 
wrightii, 49 1 

littore/la 1111(/lora, 473 
loli11111, 326-335 

cu11ea111111, 331 
ilalic11111, 326, 330 
111ultiflor11111, 326-328, 331 ,  333 
pere1111e, 31 6, 326-332 
persicum, 331 
rigidum, 333-335 
temulentum, 261 ,  329-331 

lomato/epis g/omernta, 1 34 
lophochloa, 394 

bidentata, 394 
pu111ila, 394 

lotus, 1 92-1 97 
a11g11stiss11111us, 195 
austrnlis, 196 
carbo1111111, 1 95 
cornicu/atus, 193-196 
creticus, 194 
garcinii, 1 96-197, 571, 578, 582 
glinorides, 194 
he/leri, 193 
hispidus, 195 
holophilus, 197, 571, 578, 582 
k,ylorii, 1 96 
ornithopodioides, 193, 194, 196 
pedunculatus, 193 
peduncularis, 195 
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p11rs/Jiw111s, 1 97 
p11sil/11s, 1 97 
te1111(/b/ius, 1 94 
te1111is, 1 92- 1 95 
tetrago110/ob11s, 1 95 
11/igi11os11s, 1 94, 1 95 
villosus, 1 97 

L111,aria parviflora, 76 
L11pi1111s l11te11s, 238 
Lyci11111, 1 70, 532-537 

M 

a11derso11ii, 534 
arabic11111, 535 
barbarum, 532-534 
cestroides, 534 
c/Jile11se, 532-535 
e11ropae11111, 533 
/,a/i111(foliu111, 534, 535 
r11t/Je11ic11111, 534 
sals11111, 534 
s/Jawii, I ,  2, 535-537, 573, 576, 580, 

584 
te1111ispi11osw11, 534 
t11rco111a11ic11111, 533 
vulgare, 532, 535 

Macropti/i11111 autopwpurewn, 345, 346 
Malva, 419-42 1 

crispa, 419  
mauritiana, 41 9 
parviflora, 420-421 ,  572, 576, 579, 

583 
rotundifo/ia, 41 9 
silvestris, 419  
sylvestris, 4 19  
viscus, 419  

MALVACEAE, 419-421 ,  572, 576, 579, 
583 

Medicago, 1 97-208 
arborea, 1 97, 1 98, 223 
coerulea, 1 97 
cretacea, 1 98 
dendiculata, 1 97, 200 
d(lalcata, 1 97 

facinata, 1 97 
fa/cata, 1 97, I 98 
/Jispida var. de11tic11/ata, 200 
/Jispida var. reticulata, 200 
/11111111/us, 1 98 
/Jyhrida, 1 98 
laciniata, 199, 571 , 575, 578, 582 
littoralis, 1 97, 1 98 
luplina, 1 97, 1 98 
macror/Ji:::a, 21 6 
marina, 1 97 
11111rex, 237 
nigra, 200 
platycw7Jos, 1 99 
po/y111017J/Ja, 200, 571 
po/y11101p/Ja vw: laciniata, 1 99 
quas(fitlcata, 1 98 
radiata, 1 98 
santiago, 334 
saliva, 1 08, 1 09, 1 97, 1 99, 201-208, 

327, 328, 333 
strassevi, 1 98 
suaeveo/ens, 1 97 
trautvetteri, 1 97 
truncatula, 1 99 
varia, 1 97, 1 98 

Melilotus, 208-21 7  
alba, 21 4-2 1 6, 238 
a/bus, 208, 213-21 6  
altissumus, 21 0 
argutus, 21 3 
arvensis, 21 0 
caspius, 209 
indicus, 21 3, 216-21 7, 571 , 575, 578, 

582 
/eucanthus, 21 0 
macrorhiza, 21 6 
messanensis, 21 0, 2 1 2 
ofjicinalis, 208-21 0, 21 3 
parv(flora, 209, 2 16  
segeta/is, 2 1 2 
siculus, 21 0, 2 1 2  
tauricus, 2 1 2  
tommasnii, 21 6 

-�- - - ---- - . - -
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MENISPERMACEAE, 42 1-426 
M1crorhy11ch11s glo111erat11s, 1 34 
Jvle11ispen1111111 leaeba, 423 
Mimosa 

./lava, 436 
jul(/lora, 453 
tilotica, 43 7 
tort ilis, 446 

M IMOSACEAE, 426-458, 572, 576, 579, 
583 

N 

Neurada, 485 
procumbens, 485, 572, 576 

N EURADACEAE, 485, 572, 576 

0 
Ocht/,ocl,/oa, 309-313 

compressa, 3 1 2, 583 
Oc/1rade1111s, 515-51 6  

baccatus, 515-516  
011ob1ychis sibirica, 238 
011011is, 218-222 

alopecuroides, 221 
arvensis, 21 9, 220 
hircina, 221 
natrix, 221 , 222 
natrix subsp. hispanica, 2 1 8  
11atrix subsp. natrix, 21 8 
11atrix subsp. ramosissima, 218 
p11besce11s, 21 8, 222 
pusilla, 21 8 
reclinata, 222 
recli11ata subsp. dentata, 222 
reclinata subsp. reclinata, 222 
sicula, 222 
speciosa, 221 
Spinosa, 218-222 
spi11osa var. leiosperma, 219-221 
spinosus, 2 1 9, 222 
viscosa, 2 1 8 
viscosa subsp. bervijlora, 220, 221 

AI-Easa, H .S; Ri1k, A.M. ;  Abdel-Bari, E.M .  

ORO BAN C l  IACEAE, 459-464, 572, 
579, 583 

p 

Panicum, 335-348 
adhaereno, 398 
amaru/11111, 335 
{/llu11w11 var. a111arulw11, 335, 340 
a111l11w11 var. {111w1w11, 335, 340 
antidotale, 335, 339, 342, 343 
australiense, 336 
barbinode, 335, 336, 343 
bisculatum, 342 
ciliare, 335 
cla11desti1111m, 335 
colo1111111, 308 
coloratum, 335, 338, 339, 34 1 ,  343, 

344 
crusalli var. fiw11e11tace11111, 335, 34 1  
dacty/011, 288 
deustum, 335 
dichotomijlorum, 341, 343 
elephantipes, 335 
he111itomo11, 335, 347 
hians, 339 
maximum, 275, 335, 336, 338, 339, 

342, 343, 345 
111axi11111111 var. trichoglume, 336, 342, 

343 
111iliace11111, 321, 336-345, 351 
miliare, 336, 337, 340, 341 
milloides, 339 
obtusum, 336 
prionitis, 336 
procurrens, 341 
pwpurescens, 336, 338, 341, 346 
q11ee11sla11dic11111, 336, 339 
repens, 336, 337, 342 
stag11i1111111, 336, 338 
Sl/111{1(/"C/ISe, 336 
texa1111111, 341 
turgidum, I ,  277, 347-348, 572, 583 
verticillatim, 398 
virgatum, 336, 340, 341, 345 
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viride, 339 

PAPI LONACEAE, 17 1 -247 
Pe1111iset11111, 2, 348-365 

alopec11roides, 354, 358 

a111erica1111111 ,  344, 348-35 1 ,  353-359, 

363 

ce11chroides, 349, 350, 362 

Ciliare, 349 

ciliaris, 27 1 ,  349, 347 

c/a11desti1111111, 334, 349, 350, 353, 

356, 357, 359, 360, 363 

dichoto11111111 ,  364 

divisum, 364-365, 572, 575, 579, 583 

.flaccic/11111, 348, 349, 360 

glaucum, 345, 349, 352, 360, 363 

japonic11111, 349 

I/IC/C/"011/WII, 353 

max, 361  

mezianum, 349 

11101/issmum, 364 

orientate, 348, 349, 353, 360, 360 

pedicel/atum, 349, 350, 353, 36 1  

po/ystachyon, 349, 358  

pwpureum, 349, 350, 353 ,  355, 357, 

359, 360-363 

spica/11111, 360 

staceum, 358 

typhoides, 349-354, 356, 359 

typhoideum, 336, 340, 345, 350, 35 1 ,  

356, 357, 359, 36 1 

unisetum, 349 

Phalaris, 365-377 
amethystine, 367 

aquatica, 367, 369-374 

arundinacea, 365-367, 369-374 

ba/bara, 366, 367 

brachystachya, 367 

bu/bosa, 374 

californica, 367 

canariensis, 365-369 

coeru/escens, 367 370 

cristata, 392 

minor, 367, 374-376 
paradoxa, 367, 376-377 
truncata, 367, 368 

tuberosa, 367, 368, 370-372, 374 

Phaseo/us 1111/garis, 368, 448 

PMe11111, 329 

pmtense, 329, 330 

PIImgmites, 2, 377-384 
australis, 377-384 
C0/11/lllllliS, 377, 380, 3 8 1 , 383, 384 

japonica, 377 

karka, 377 

Pithecel/obi11111 lobat11111, 444, 447, 448 

PLANTAGINACEAE, 464-490, 573, 

576, 580, 583 

Pla11tago, 464-490 
a.fi·a, 465 

albica11s, 466-468, 470-472, 476 

alpi11a, 468, 473 , 476 

a/tissima, 468, 469 

amp/exicaulis, 477-478, 573, 576, 

580, 583 

arenaria, 465, 466, 468, 473, 478-480 
asiatica, 465, 468, 472, 473, 476, 485 

bismarckii, 472 

camtsclwtica, 476 

carinata, 473 

ciliata, 480-481 ,  573, 576, 583 

cornuti, 468 

coronopus, 466, 467, 470-476, 481-
482 

crassifolia, 466-468, 470-472, 476 

c1ypsoides, 466-468, 470-472, 476 

cy/indrica, 466, 467 469, 47 1 , 472, 

476 

cynops, 473 

depressa, 469, 470 476, 477, 485 

fastigata, 464 

hastifolia, 476 

hookeriana, 469 

indica, 465, 473, 479 

ispaghula, 465, 487 

lagopus, 469, 473 

/anceolata, 4 7 1 -496, 482-486 
major, 464-467, 469, 47 1 -473, 476, 

477, 485, 488 

major subsp. major, 469. 472, 474, 

475 

- -- --- - - - - - - -- --
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IIU!jor subsp. peliosper111a, 469, 472, 
474, 475 

111qjor var. asiatica, 464, 468, 469 
major var. _japo11ica, 469, 476 
111ariti111a, 472-476 
media, 469, 47 1 -474 
111yos11ros, 469 
11otata, 466, 467, 469, 47 1 , 472 
ovata, 465-467, 47 1 , 472, 476, 486-

490 
psylli11111, 465, 466, 473, 478-480 
ra111osa, 476 
sp. regelli, 465 
se111pervire11s, 469, 473 
serpentina, 473 
se17;e11ti11a subsp. peliosperma, 473 
s1!ffi·uticos11111, 473 
to111e11tosa, 473 
virgi11ica, 476 

PLUMBAGINACEAE, 490-492, 573, 
576, 580, 583 

POACEAE, 250-414 
Poa, 384-392 

alpige11a, 385, 389 
a/pina, 384, 385, 389 
alsodes, 390 
amp/a, 386, 387, 389 
a111111a, 384, 390-392 
aquatica, 386, 390 
arac/111(/era, 390 
arctica, 386 
bulbosa, 385, 386 
bulbosa var. vivipara, 386 
chaixii, 389 
cilia11e11sis, 320 
colensoi, 389 
combyi, 389 
compressa, 384, 385, 392 
cusickii, 389 
helmsii, 387 
huecu, 388-390 

_jemtlandica, 39 1 
labillardieri, 387 
ligularis, 389 
palustris, 384, 385 

Al-Easa, 1-1 .S; Rizk, A.M. ;  Abdel-Bari, E.M. 

pilosa, 32 1 
prate11sis, 384, 385, 387-390 
roylea11a, 390 
sa11dhergii, 385, 386 
siebera11a, 387 
silvicola, 384, 385 
sp/,ondylodes, 388 
s11pi11a, 389 
trivia/is, 385, 386, 390, 392 

PLOYGONACEAE, 492-510, 573, 576, 
580, 583 

Polygo1111111, 492-502 
a111plexica11/e, 495 
aubertii, 499 
aviculare, 493, 495, 498, 500, 50 I 
bistorta, 494, 498, 50 1 
capitatum, 494, 500 
chinensis, 494 
cilii11erve, 499 
coariarum, 492-498 
co11volv11/11s, 492, 493 
coriarium, 498 
cuspidatum, 493, 495, 499,500 
divarica/11111, 493 , 498 
ellipticum, 499 
equisetiforme, 501 -502 
filiforme, 495, 499 
glabrum, 494, 495 
hydropiper, 494, 495, 498, 499 
hypoleucum, 499 
lapathifoli11111, 496-498 
minus, 496 
111ultiflor11111, 494, 498-500 
11epa/e11se, 494, 495, 498 
11odos11111, 495, 497 
odoratum, 495 
orienta/e, 496, 499, 500 
pan_jutinii, 498 
pe11sy/va11icu111, 499 
pe1.foliat11111, 496, 497, 500 
persicaria, 493 
plebe_j11111, 494 
punctatum, 494 
rumex var. patientia, 496, 499 
sachali11e11se, 494, 499 



Chemical Constituents and Nutritive Values of Range Plants in Qatar 7 1 7  

salic(/oli11111, 495-497 
se11egale11se, 497 
sieboldi, 496 
stelliger11111, 496 
th1111bergii, 498 
ti11ctoriu111, 500, 50 I 
viscos11111, 497 
vivipar11111, 492, 493, 495 
weyrichii, 493, 497, 498 
yok11saianu111, 497 

Po(vpogon 111011ospelie11sis, 392-394, 572, 
575, 583 

Portulaca, 510-515 
cv. jewel, 5 1 0, 5 1 1  
grand(flora, 5 1 0-5 1 2  
oleracea, 5 1 0, 512-515 
pilosa, 5 1 1  
quadr(/ida, 5 1 0, 5 1 1  
suj.fi-t,ticosa, 5 1 2  

PORTULACACEAE, 510-515  
Prosopis, 442-458 

ajfinis, 443, 45 1 ,  452 
aji·icana, 442-444, 446, 449, 45 1 ,  

452, 455 
alba, 443-446, 45 1 
alpataco, 449 
caldenia, 443, 449, 45 1 
chilensis, 443, 444, 446, 447, 450, 

45 1 , 453, 455 
cineraria, 442, 443, 445, 446, 450-

452 
de11ude11s, 442 
dulcis, 455 
farcta, 445, 452-453 
Jlexuosa, 443, 446, 450 
flexuosa var.fi-Ltticosa, 449 
glandulosa, 443-446, 449, 452 
glandulosa var. glandulosa, 445 
juliflora, 442, 443, 445, 446, 453-458 
kunt::.ei, 450, 45 1 
laevigata, 443, 446 
nigra, 443, 45 1 ,  452 
pa/Iida, 442, 443, 445, 446 
pubescens, 444-447 
ruscifolia, 443, 449, 45 1 

sericantha, 449 
spicigera, 446, 449-45 1 
stepha11ia11a, 450, 452 
strombul(fera, 443, 444, 446, 447, 

450 
tamarugo, 442-444, 446, 447, 45 1 ,  

452 
torquata, 450-452 
velutina, 443, 444, 446, 447, 45 1 
vinalillo, 449, 450 

Psophoca,pus tetragonolobus, 448 
Psoralea, 222-228 

R 

acaulis, 224 
americana var. polistachya, 224 
bituminosa, 223, 224, 226 
canescens, 224 
cinerea, 223, 224 
co,yl(folia, 223-227 
dentate, 224 
drupacea, 222-224, 226, 227 
glandulosa, 224, 226 
juncea, 228 
lachmostachys, 223 
leucantha, 223 
macrostachya, 224 
maritini, 223 
mexicana, 226 
plicata, 227-228 
psoralioides, 224 
pulmosa, 223 
pustulata, 223 
repens, 224, 226 
subcaulis, 224 

RESEDACEAE, 515-516 
Rhabdochloa virgata, 28 1 
RHAMNACEAE, 516-531 ,  573, 576, 

580, 584 
Rhamnus, 530 

numnutlaria, 528 
Rha11teriu111 epapposum, 137-139, 57 1 ,  

574, 578, 582 
Rhynchosia, 228-231 

' .-- - , - -
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cape11sis. 4 1 1 -4 1 2, 572, 583 
co/11111bia11a, 4 1 0  
coma ta, 4 1 0  
fc,lcata, 4 1 1 
ic/111, 4 1 1 
/e111111011ii, 4 1 0  
/esi11gia11a, 4 1 0, 4 1 1 
11101/is, 41 1 
11eesia11a, 4 1 1  
11itida, 4 1 1 
pe1111ata, 260, 4 1 0  
platychaeta, 4 1 1 
p11besce11s, 4 1 1  
retorta, 4 1 1  
robust a. 4 1 0  
stacea, 4 1 0  
te11acissi111a, 4 1 0, 4 1 1 
te11uis, 4 1 0  
teret(f'olia, 4 1 0  
torti/is, 4 1 1  
turke11ta11ica, 4 1 1 
viridis, 4 1 0  
viridu/a, 4 1 0  

Stipagrostis, 412-414 
obtusa, 412-413, 572, 576, 579, 583 
pu/mosa, 413-414, 572, 576, 579, 583 

Stylosanthes guyanensis, 345, 346 
Suaeda, 118-123 

aegyptiaca, 119-123 
austra/is, 1 1 8 
baccata, 1 1 9 
depressa, 1 1 8 
fi-t1ticosa, 1 1 8, 1 1 9, 1 22 
horte11sis, 1 1 8 
linearis, 1 1 9 
macroca,pa, 1 1 8, 1 1 9 
maritima, 1 1 8  
mesopotamica, 1 22 
nud(/lora, 1 1 8, 1 1 9 
pruinosa, 1 1 8, 1 1 9, 1 22 
pruinosa var. macrocarpa, 1 1 8 
rosmarinus, 1 1 7  
vera, 1 1 8 
varmicu/ata, 1 22-123, 570, 574, 581  

Swainsona, 1 82 

Al-Easa, H.S; Rizk, A.M.; Abdel-Bari, E.M. 

T 
TAMARIACEAE, 537-542, 573,  580, 

584 
Tamarindus indica, 444, 447, 448 
Tamarix, 537-542 

C!fi·icana, 539, 540 
amplexicaulis, 539, 540 
aphylla, 537, 541 -542, 573, 580, 584 
articulata, 53 7, 541 
bobeana, 539, 540 
chinensis, 539, 540 
diocia, 537, 539, 540 
gallica, 537, 539, 540, 54 1 
laxa, 539 
nilotica, 539, 540 
pakistanica, 537 
tetragyna, 539 
troupii, 540 

Themeda 
quadrivalvis, 282 
triandra, 338 

Trachynia distachya, 267 
terrestris, 557, 558-562 

Tribulus, 554-562 
alatus, 557 
arabicus, 556 
bimucronatus, 557 
cistoides, 555-557 
longipetalus, 557 
micrococcus, 557 
ochroleucus, 557 
pentandrus, 557 

Tr(folium, 144, 232-237 
aintahense, 233 
a/exa11drin11111, 232-234 
amhiguwn, 233, 235, 236 
angustifolium, 233 
arvense, 233, 234 
honanii, 233 
hrachycalycinum, 236 
campestre, 233, 234 
duhium, 236 
.fi"ag(ferum, 232, 235 
hirtum, 233, 234 
hyhridum, 233, 234 
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i11dicu111, 21 6 
/11pi11aste1; 232 
medium. 234 
11igresce11s. 235 
11igresce11s ssp. petrisavii, 233 
pa1111011icum, 234 
pratense, 232, 233, 235, 236, 238 
repens, 233-238 
res11pi11atu111, 236-237 
resupi11atu111 var. majus. 237 
res11pi11at11111 var. resupinatwn, 237 
spadiceum, 233 
striatwn. 234 
subterra11e11111, 232-237, 334 
trichocepha/um, 233 

Trigo11ella. 1 44, 237-242 
a11gui11a, 240, 570, 582 
be1J1thaea, 238 
coeru/ea, 237-239 
cornicu/ata, 238-240 
cretica, 238 
joe11u111-graec11111, 238, 240 
gladiata, 238, 239 
grandiflora, 239 
hamosa, 240-241,  57 1 , 575, 579, 582 
macrorrhyncha, 238 
111011a11tha, 241 
111011spe/iaca, 238 
occulta, 1 86, 238, 239 
p!atyca,pos, 23 8, 239 
po/ycerata, 239 
stel!ata, 241-242 
te1111is, 239 

Triniusa danthoniae, 269 
T risetwn pumi!um, 394 
Triticum aestivum. 365, 368, 457 
Typha, 542-546 

angustata. 544-546 
angust(folia, 542, 544-546 
angustifo!ia subsp. austra/is 
austra/is, 381 , 542, 544, 545 
davidiana, 544 
domingensis, 544-546, 573, 577, 580, 

584 
e/ephantiana, 543 

- .  ---

latifo/ia, 542-544 
orientalis, 543 

TYPHACEAE, 542-546, 573, 577, 580, 
584 

u 
Unio/a mucronata, 32 1  

V 

Vicia, 242-247 
amoena, 245, 246 
amurensis, 245 
angustifo/ia, 243, 245, 246 
angustifo!ia var. segetalis, 243 
balansae, 245, 246 
bungei, 242 
ca/carta, 246 
casl1 1 1bica, 246 
cinerea, 246 
cracca, 245 
ervilia, 246 
faba, 242-245, 368, 448 
faba majo,; 242, 243 
faba mino,; 242, 243 
graci/is, 246 
gramminea, 243 
hirsuta, 244, 245 
hyrcanica, 242 
japonica, 242 
111011a11tha, 246-247 
11arbo11e11sis, 242, 243 
pisiformis, 246 
pseudo-orobus. 244 
saliva, 243-246 
sepium, 245 
truncatula, 245, 246 
unijuga, 242 
variabi/is, 245 
vil!osa, 242-244 

Vigna, 448 
radiata, 368 
u11g11iculata, 368 

Vilva ioclades, 408 

- ---
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w 
Welwitschia, 1 68 

z 
Zea mays, 2, 290, 368, 406, 457 
Zilla, 77-78 

biparmata, 77 
microca171a, 77 
spinosa, 77-78 
spinosa var. microcm7H1, 77 

Ziziplws, 2, 1 70, 51 6-53 1 ,  53 6 
amphibia, 51 7 
fh1ct11s, 520 
h11tchi11so11ii, 5 1 7  
hysodrica, 51 9 
joazeiro, 520 
J1!j11ba, 51 7, 520, 523-528, 53 1 
j11j11ba var. inermis, 521 ,  523 , 524 
J1!i11ba var. spinosa, 524, 528 
lotus, 51 7, 520 
mauritiana, 51 7, 52 1-528 
m11cro11ata, 51 7, 721 
m111111111laria, I, 423 , 51 7, 520, 528-

530, 573, 576, 580, 584 
oenoplia, 51 8 
oenoplea, 520 
rugosa, 520 
sativa, 5 1 8  
sativus, 51 7, 520, 528 

Al -Easa, H .S; Rizk, A.M. ;  Abdel-Bari, E.M. 

spi11a-c/1risti, 51 7, 530-53 1 
spinosa, 520, 521 
spinosus, 51 8 
trinervia, 520 
vulgaris, 51 8, 520, 521 , 528 
vulgaris var. spinosa, 526 
xylopyra, 520 

Zo!likoferia 
glomerata, 1 34 
/lll/C/'0/la(a, J 35  
.fi1 11dica11lis, 1 3 6  

ZYGOPHYLLACEAE, 546-569, 573, 
577, 580, 584 

Zygophy/111111, 1 55, 563-569 
aegyptium, 563 
album, 563, 564, 567 
berenices, 564 
cocci11e11111, 564 
corn11t11111, 564 
decumbens, 564, 567 
dumosum, 564, 567 
eichwaldii, 564 
.fabago, 564, 567 
gaetulum, 564, 567 
lanatum, 554 
obliqum, 564 
propinquum, 564 
qataranse, 2, I 1 3 ,  567-568, 573, 577, 

580, 584 
simplex, 568-569 
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COMPOUND INDEX 

A 

Abysscnine A, 5 1 7  
Acacetin, (564), 1 90 
Acaciasides, 43 1 
Acacic acid, (986), 43 1 
Acacidiol, (990), 43 1 
Acacinin, 43 1 
Acacinin A, 43 1 
Acacinin B, 43 1 
Acacinin C, 43 1 
Acacinin D, 43 1 
Acacigenin B, (991), 43 1 
Acacipetal in, 435 
Acamel in, (999), 434 
Acetaldehyde, 42 
Acetic acid, 1 26 
Aceteoside (Verbascoside), ( 1 020), 459, 

462, 470, 483 
Acetonylgeraniin, 248 
1 1 -Acetoxy-cis-guai-I 0( 1 4)-en-4-ol, (252), 

94, 95 
2'-Acetylaceteoside, (I 021 ), 459 
Acetylcholine, (l 069), 476 
N-Acetylcholine, 334, 390 
N-Acetylcholine-L-djenkolic acid, (976), 

427,441 
N-Acetyl-L-djenkolic acid, (976), 427, 44 1 
2-Acetylemodin, 494 
N-Acetyl-O-galactosamine, 35 
N-Acetyl-O-glucosamine, 35 
Acetyljujuboside B,  524 
N-Acetylloline, 334, 390 
y-Acetylomithine, 1 75 
Aconitic acid, (881 ), 342 
Acorientine, 506 
Adenine, (1068), 476 
Adrenaline (518), 1 69 
Adoxosidic acid, 460 
Aervanone (41 ), 27 
Aervin ( 1 0-Hydroxycanthin-6-one), (25), 

25 
Aesculetin (Esculetin ), (339), 13 1, 1 3  7 
Afrom1osin, 44 

" -- -- - ------ - ---

Afzelchin, 543 
Afzlin (Kaempforol-3-rhamnoside), 5 1 6  
Agmatine, (776), 235, 244 
Agroclavine, (880), 342, 359 
Ajugol , ( l 040), 463 
Alanine, (58), 35 
13-Alanine (8-Aminobutyric acid), (59), 35 
D-Alanyl-O-alanine, 368 
Albizzine, (977), 427 
Aldotripeperideine, (291  ), I 05 
Alkylbenzoic acid derivatives, (698-699), 

218 
Alkylisocoumarins, (686-689), 21 8 
5-Alkylresorcinols, (690-697), 21 8 
Allantoin, (1), 1 9  
Aloe-emodin, ( 1 1 12), 504 
Alphitolic acid, ( 1 1 9 1 ), 524 
Alpinoside, 468 
Amamthin, 53 
Amasterol, (83), 42, 53 
N6-Amidinolysine, 1 93 
L2_Amino-6-aminohexadecanotc acid 

(lndospicine ), (559) 
a-Aminoben7oic acid, (826), 264 
N5-Aminobutylhomospem1ine, (637), 208, 

244 
y-Aminobutyric acid (j3-Alanine), (59), 35 
2-Amino-4-(guanidinooxy)butyric acid 

(Canavanine), (533), 1 75, 1 90, 1 93 
Aminopropylhomospennidine (773), 235, 

244 
Amoein-A.v (799), 245 
Amphibine B, ( 1 151 ), 5 1 7, 525, 53 1 
Amphibine D, ( 1 152), 5 1 7, 525 
Amphibine E, (1153), 5 1 7, 525, 53 1 
Amphibinc F, ( 1207), 525, 53 1 
Amphibine H, (1208), 525, 529, 53 1 
AmurenosideA, (800), 245 
Amurenoside B (801 ), 245 
Amyl alcohol, 205 
a-Amyrin, ( 13), 24 
13-Amyrin, (84), 42 
Anabasine, (294), 1 04 

- . - ---·-
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Anethole, (378), 1 45 
cis-Anethole, 2 1 9  
/rans-Anethole, 21 9 
Angelicin, (733), 223 
Anhydrovariabilin, 220 
Annuloline, (860), 331 
Antheraxanthin, ( 1 1 4), 45 
Antoside, 245 
Apigenin, (5), 1 9  
Apigenin-5-diglucoside, 1 33 
Apigenin-6,8-di-C-glucoside (Violanthin), 

(1 29), 57 
Apigenin 8-C-glucoside (Vitexin), (682), 

1 33, 1 36, 21 7, 228 
Apigenin-7-glucopyranoside, 1 31 
Apigenin-7-O-glucoside (Cosmosiin), 

(509), 1 69 
Apigenin 7-O-rhanmoglucoside 

(Rhoifolin), (719), 219, 220 
Apigeninidin, 403 
Apigiferol, 34 1 , 403 
Apiin, 245 
Arabinose, (26) 
Arabonic acid, (31 3), 1 26 
Arachidic acid, (71), 40 
Arachidonic acid, ( 1 070), 483 
Arborescoside, 468 
Arborescosidic acid, ( 1 048), 468 
Arctiin, 500 
Arenarine, ( 1064) 476 
Arginine, ( 120), 52 
Aristolic acid, 423 
Aristolochic acid, 423 
Arundoin, (845), 31 8, 388 
Ascaridole, (248), 95, 99, 1 01 
Ascaside, 1 79 
Ascorbic acid (Vitamin C), (42), 29 
Asimilobine, ( 1 174), 51 8, 525 
Askendoside B, (544), 1 78 
Askendoside D, (545), 1 78 
Askendoside F, (547), 1 78 
Askendoside G, (546), 1 78 
Asparagine, (244), 88 
Aspartic acid, (61), 36 
Asplentin, 1 33 

AI-Easa, H .S; Rizk, A.M. ;  Abdel-Bari, E.M. 

Asplentin-5-neohesperidoside, 1 33 
Astragal in (Kaempferol-3-glucoside ), 

(1 39), 60, 21 9, 51 6 
Astrasikokioside I, (551 )  
Aucubin, (I 046), 466 
Auranamide, (598), 200 
Aurantiamide acetate, 200 
Aureusuidin, (507), 1 67 
Aureusin, ( 1 073), 490, 49 1 
Auriculoside, (994), 433 
Auroxanthin, 4 1 6 
Avenacin A- 1 ,  (828), 265 
Avenacin A-2, (829), 265 
Avenacin B- 1 ,  (830), 265 
Avenacin B-2, (831 ), 265 
Avenal ins, 255 
Avenalumic acid, (825), 264 
Avenanthramide-2, 264 
Avenanthramides, (827), 264 
Avenasterol, 397 
�

5-Avenasterol (28-Isofucosterol) ,  ( 1 75), 
(f) 

�7-Avenasterol ,  263 
N-Avenasterol ,  (877), 34 1 
Avenins, 255 
Avenoleic acid, 263 
Avicennioside, ( 153), 63 
Avicenols A-C, 63 
Avicequinone-A, ( 156), 63 
Avicequinone-B, ( 157), 63 
Avicequinone-C, ( 1 58), 63 
Avicularin, 507 
Aviculin ( 1 107), 500 
Awobanin, 1 95 
Azukisaponin V, (644), 2 I 0 

B 
Baical in, 4 76 
Bakuchalcone, (749), 226 
Bakuchicin, 228 
Bakuchiol, (750), 226 
Bartsioside, 469 
Baumeyl acetate, 1 27 
Bavachin, (742), 224 
Bavachinin (737), 224 
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Bavachromanol, (745), 225 
Bavachromene, (744), 225 
Behenic acid, (558), 187 
Benzaldehyde, 206 
Benzene, 205 
1,2-Benzenedimethanol, 131 
Benzoic acid, 126 
Benzoquinoncs, 157 
Benzoxazolone, (9), 20 
I 0-Bcnzoylcatalpol, (1055), 469 
N" -Benzoy 1-L-y-hydroxyomithine, (798), 

244 
N° -Benzoyl-L-omithine, (797), 244 
Benzyl acetate, 206 
Benzyl alcohol, 205 
a-Bergamotcne, (616), 205, 206 
Bergapten, (806), 245 
Bergometene, 495 
Bervicarine, 162 
Bcrvicoll ine, 162 
Bervifolincarboxylic acid, 248, 541 
Berviquinone, (428), 157 
Betaine, (2), 19 
Betulic acid (Betulinic acid), (148), 62 
Betulin, (21 ) ,  24 
Betulinaldehyde, (650), 210 
Betulinic acid (Betulic acid), (148), 62 
Betulonic acid , (652), 210 
Bifurcose, (909), 386 
Biochanin A, 233, 234 
Bioquercetin, 245 
Biphcnyls, (759, 760), 228 
Bisade, (1103 ), 499 
Blepharin, (8), 19, 20 
Blumenol A, (1272), 543 
Boschniakine, (1065), 476 
Boschniakinic acid, (1066), 476 
Boshniakinic acid methyl ester, (1067), 

467 
Brassicastcrol, (174), 69, 74 
Brassinol idc, (183), 70 
Brcverin, (471 ), 161 
Breviquinones, 157 
12-Bromotetrahydropalmatine, (954), 421 
Bufotenine (5-Hydroxy-N,N-dimethyl-

tryptamine), (90 1), 370 
Butane, 205 
Butanoic acid, 126 
Butanol, 145 
2-Butanone, 42 
3--Buten- l -ol, 205 
Butin, 403 
11-Butyl-a-D-fructofuranoside, 155 
11-Butyl-P-D-fructofuranoside, 155 
Butyric acid, (884), 335 
Butyrospermol, 514 

C 
Cadaverine, (775), 235, 244 
8-Cadinene, (356), 139, 159, 166 
Caffeic acid, (95), 43 
Caffeine, (619), 205, 206 
Caffeoylisocitric acid, 42 
Caffeoylshikimic acid, 543 
Calamenene, (447), 159 
Calcnduloside E, (261), 98 
Calogenin glycosides, 58 
Calycanthoside, 111 
Calycosin, (762), 233 
Calycotomine, (1000), 435 
Calystegin A3, (410), 150 
Calystegin B1 , (408), 150 
Calystegin 8

2
, ( 409), 150 

Campenoside I, 470 
Campestanol, (181 ), 69 
Campesterol, 20 
Campesterone, (916), 388 
Camphenc, (286), 104, 139 
Camphenilone, (355), 139 
Camphor, (352), 139, 159, 219 
Canal ine, (535), 175 
Canavanine (2-Amino-4-

(guanidiooxy)butyric acid), (533), 
175, 190, 193, 206 

Cannabinol, (618), 205, 206 
CapiquinoneA, (431), 158 
Capiquinone C, (432), 158 
Capiquinone E, (433), 158 
Capparidisine, (229), 80 
CapparilosideA, (240), 84 

725 
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Liriodendrin, (1025), 459 
Lo line, (861 ), 331, 332 
Lolinine, (862), 331 
Loliolide, 423 
Loliose, 329 
Lolitrem-8, (866), 332 
Longifolene, (288), 104 
Lophenol, 263 
Lotaustralin, (781), 235, 432, 435 
Lotisoflavin, (582), 195 
Lotoside I, 520 
Lotoside IL 520 
LotusineA, (1155), 517 
Lotusine 8, (1156), 517 
Louisfiescrone, (565), 190 
nar-Lupane (Mcssagenin), (653), 210 
Lupenol, 58 
Lupenone, (149), 62 
Lupeol, (22), 24 
Lupeol acetate, 50 
3p,28,30-Lup-20(29)-enetriol, (663), 210 
Lutein, (112), 45 
Loteoferol, 341, 403 
Luteolin, (138), 60 
Luteolin-7-glucopyranoside, 13 1 
Luteolin 7-O-glucoside, (338), 1 31 
Luteolin 7-O-methylether-3'-O-P -D-

glucoside, (169), 66 
Luteolinidin, 403 
Lutonarin, (857), 324 
LyciumideA, 534 
Lysergic acid amide, 410 
Lysine, (43), 29 

M 
Maackiain (Incrmin), (727), 220, 233 
Machacrinic acid, (988), 431 
MacrolinisideA, (381), 145 
Macrophyllasaponin E, (540), 177 
MahuaninA, (510), 169 
Mahuanin 8, (511 ), 169 
Majoroside, (1057), 469 
Malacacidin, (995) 
Malic acid, (144), 62, 119 
Malonic acid (194), 72, 119 

AI-Easa, H.S; Rizk, A.M.; Abdel-Bari, E .M. 

Maltose, (69), 39 
Malvidin, (805), 245 
Malvidin 3,5-diglucoside (Malvin), 498 
Malvidol 3,5-diglucoside chloride, (93 1), 

419 
Malvin (Malvidin 3,5-diglucoside), 498 
Manninotriose, 465 
Manni tol, (32), 26 
Mannonic acid, (31 5), 126 
Mannose, (3 1) 
Manogenin, (1234), 529 
Maslinic acid, (1192), 524 
Matesaponin I, (1 289), 551 
MauritineA, (1199), 525 
Mauritine 8, (1200), 525 
Mauri tine C, (1201), 525, 531 
Mauritine D, (1202), 525 
Mauri tine E, (1203), 525 
Mauri tinc F, (1204), 525 
Mauritine H, (1205), 525 
Mauri tine J, (1206), 525 
Medicagenic acid, (587), 197, 202, 203 
Medicagol, (628), 207 
Medicago-saponin P 1 ,  200 
Medicago-saponin P2, 200 
Medicarpin, (624), 207, 215, 220 
MedicosideA, 203 
Medicoside C, 203 
Medicoside G, (602), 203, 204 
Medicoside H, 203 
Medicoside I, (603), 203, 204 
Medicoside J, (604), 203, 204 
Medinaside, 203 
Melacacidin, (995), 433 
Melezitose, (530), 173 
Melibiose, (1 27), 55 
Melilotic acid, (640), 209, 498, 210, 214 
Mclilotigenin, (646), 210 
Melilotigenin 8, (647), 210 
Melilotigenin C, (648), 210 
Meli lotigenin D, (649), 210 
Meli lotin, (680), 215 
Melilotoside D, (681), 215 
Meli lotus-saponin O 1 , 210 
Melilotus-saponin 02, (645), 210 
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Melitox in (Dicoumarin, Dicoumarol), 
(638) 

Melittoside, (1052), 468 
Menisarine, (959), 424 
Menthol, (713), 219 
Menthone, (71 2), 219 
Mescaline, (532), 173 
Messagenic acid A, (654), 210 
Messagenic acid 8, (655), 210 
Messagenic acid C, (656), 210 
Messagenic acid D, (657), 210 
Messagenic acid F, (658), 210 
Messagenic acid G ,  (659), 210 
Messagenic acid H, (660), 210 
Messagenic acid I, (661 ), 210 
Messagenin (nor-Lupane), (653), 210 
Messagenolide, 21 0 
cis-3,4-Methanoproline, (513), 169 
Methionine, (44), 29 
p-Methoxybenzoic acid, (243), 84 
I O-Mcthoxycanthin-6-one (Methyl 

aervin), (24), 25 
6-Methoxy-2,9-dimethyl-1,2,3,4-

tetrahydro-13-carboline, 370 
8-Methoxyisorhamentin (Limocitrin), 

(577), 194 
3-Methoxy-4-hydroxynitrobenzene, (88), 

43 
8-Methoxykaempferol (Saxangularetin), 

(576), 194 
6-Methoxy-2-methyl-1,2,3,4-tetrahydro-13-

carboline, 370 
5-Methoxy-N-methyltryptamine, (900), 

370 
Methoxynepodin, 5 05 
5-Methoxytryptamine, (899), 370, 371 
8-Methoxyvestitol, (581), 195 
Methyl aervin ( I O-Methoxycanthin-6-

one ), (24), 25 
N6-Methylagmatine, (794), 244 
N-Methylanthranelic acid, 265 
N-Methylapteline, 424 
Methylaugenol, 248 
5-C-Methylaureusidin, (465), 161 
7-C-Methylaureusidin, (466), 161 

3-Methyl-1-butanol, 42 
3-Methyl-2-butanone, 42 
3-Methyl-3-butenylglucosinolate, (238), 

81 
Methyl carbamate, (305), 112 
N-Methylcassine, 449 
24-Methylcholest-5-en-3j3-ol, (1237), 5 33 
N-Methylcorydaldine, (280), 103 
24-Methylcycloartenol, 141 
24-Methy-22-dehydrolathosterol, 53  
24-Methylenecholesterol, (176), 69, 397 
24-Methylenecycloartenol, (81 ), 42, 58 
24-Methylene-24-dihydroparkeol, 5 14 
24-Methylenelanost-8,24-dien-3j3-ol, 69 
2-C-Methyl-D-erythritol, (411), 153 
13-Methylesculetin, 150 
7-methyleupatulin, 95 
Methyl-trans-2-trans-6-famesate, 1 59 
4-Methylgulucuronic acid, (852), 324 
2-Methylheptane, 205 
2-Methylheptylbcnzoate, (388), 146 
24-Methylidcn-�3

•
5
•
24-cholestatriene, 

(910), 388 
N-Methylisosalsoline, (274), I 03 
24-Methyllathosterol, 53, 397 
N-Methylloline, (863), 331 
5-Methy 1-6-methoxy-1,2,3, 4-tetrahydro-13-

caboline, 370 
N-Methylpendine, 424 
4-Methylpentanal, 356 
2-Methylpentane, 205 
30-Mcthylphytolaccagenate, I 02 
2-Methyl-1-propanol, 42 
N-Mcthylpseudocphedrine, (517), 169 
Methyl salicylate, 206 
N-Methylsalsoline, (274), 103 
5-methylsalvigenin, 95 
5-Methyltryptamine, (898), 370 
N-Methyltryptamine, 370 
N-ro-Mcthyltryptaminc, (282), 103 
N-Methyltyramine, (842), 307 
Microphyllic acid, (412), I 54 
Miliacin, (838), 304, 341 
Miserotoxin, (555), 180 
Monacanthic acid, (270), 102 
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Zingiberene, 495 
Ziziphine A, (1 163), 518 
Ziziphine B, ( 1 164), 518 
Ziziphine C, (1 165), 518 
Ziziphine F, 531 
Ziziphinine, 518 
Ziziphus saponin I, ( 1 196), 524 
Ziziphus saponin II, ( 1 197), 524 
Ziziphus saponin III, (1198), 524 
Zizogenin, ( 1 183), 523 
Zizybeoside I, (1217), 526 
Zizybeoside II, (1218), 526 
Zizynumin, 529 
Zizyvoside I, ( 12 19), 526 
Zizyvoside II, (1220), 526 
Zygoeichwaloside I (Glucosi dc I ), (1367), 

564 

AI-Easa, H.S; Rizk, A.M. ; Abdel-Bari, E .M. 

Zygophyllin, 564 
Zygophylosidc A, (1372), 564 
Zygophyloside B, (1373), 564 
Zygophyloside C, 564 
Zygophylosidc D, (1374), 564 
Zygophyloside E, (1375), 564 
Zygophyloside F, 563, 564 
Zygophylosidc G, (1353), 563, 564 
Zygophylosidc H ,  (1355), 564 
Zygophyloside I, (1361 ,  1368), 564 
Zygophyloside J, (1362), 564 
Zygophyloside K, (1363), 564 
Zygophyloside L, (1369), 564 
Zygophyloside M, (1370), 564, 467 
Zygophylosidc N, (1371 ), 564 
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