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ABSTRACT

The fresh foliage of Indigofera astragalina colkettfrom Gwiwa and Arkilla low cost areas
of Wamakko local government area of Sokoto staigerM were dried, powdered and
subjected to nutritive and anti — nutritive invgstiion. The n-hexane, methanol, and water
extracts prepared from the leaves were found totatonoxalates, phytate,tannins and
cardiac glycosides, The proximate composition reaegdhe presence of moisture (51.00 £
0.50 % fresh weight), ash (8.17 + 0.58 % dry weidbiV), crude lipid (5.0 £ 0.5 % DW),
crude fibre (2.67 £0.29 % DW), crude protein (828.11 % DW) and carbohydrate (75.94
+ 0.64%). The Anti — nutritive compositions whiale axalate (2.26 £ 00mg/100g), phytate
(12.26 + 0.01mg/100g), cynogenic glycoside (0.240.80mg/100g) and tannins (3.05 +
0.02mg/100g). They also contained vitamin C (21d{260g). The results of the analyses
were compared with other green leaves consumedeTiesults releaved that the leaves of
Indigofera astragalina contained medicinal agents.
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INTRODUCTION

Plants are the ultimate source of food and alswigeoshelter and medicinal agents [1] .The
conventional food plants provide most nutrients deee for energy, body building,
maintenance and regulation of body processes. ®@ueteasing population, economic crises
in most developing nations especially in Niger@yd insecurity have posed a serious threat
to growth, development and survival [2] .Most peoglre now incorporating the non-
conventional (wild) food plants in their diets,gmvide not only nutrients but also traditional
treatment for various ailments [2].Over the lasb wecades, studies have revealed that wild
or semi-wild plants are nutritionaly important besa of high vitamins, minerials, essential
fatty acids and fibre contents [3]. Some of thenfdalso enhance taste and colour in diets.
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Taxonomy of the Plant,Indigofera astragalina
Division:  Magnoliophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae
Subfamily: Faboideae
Tribe: Indigofereae
Genus: Indigofera
Species: Indigofera astragalina

Indigofera astragalinas commonly known in English as Hairy indigo. lretnorthern part of
the country among the Hausa, it is called “Kaikamia kan mashekiya”, and in the south-
west among the Yoruba, it is known as Elu-aja [4]

Botanical description Indigofera astragalinas an erect hairy plant of about 40 — 70cm in
height, with soft stem and green leaves. The leavepinnate with 5 — 13 leaflets; leaf size
varies from 2 — 5cm long. The flowers are smaliidish — purple in colour and produced
racemes of 2 — 10cm long[4]

Distribution and habitat

The plant is a herbaceous legume which is simphanded as weed, it is distributed in
southern Africa like in Zimbabwe ,grow well in Chimand in west Africa; Nigeria and Niger
Repulic [4]. The plant grow well on unfertilizednid with annual rainfall of 650 — 800mm
and mean annual temperatures di232°C.

Common food components of the leaves

Carbohydrates: The name carbohydrate is derived from the frenchdsvbydrate de
carbone and was originally applied to neutral chemical poomds containing carbon,
h?/drogen and oxygen, with the last two elementsegnein the same proportions as in water
B This definition is not strictly correct since sermompounds with general properties of the
carbohydrates contain phosphorus, nitrogen or sulphaddition to the carbon, hydrogen
and oxygen. Also some compounds, e.g. deoxyribGsid,(O,) do not have hydrogen and
oxygen in the same ratio as that in water [5]. bdern science, carbohydrates are defined as
polyhydroxyl aldehydes, ketones, alcohols or acid®ir simple derivatives, and any
compound that may be hydrolysed to these [5].

Carbohydrates are an important class of naturaluing organic compounds. They are

often referred to as saccharides (latin, saccharwsugar) because of the sweet taste of the
simpler members [6] .They are found abundantlyature, especially from plant sources . In

the leaf of a plant, the simple compounds carbaxide and water are combined in the

presence of sunlight and chlorophyll to form tha@e sugar (+)-glucose [7] by the process

of photosynthesis.

6CQ+6HO __, €H06+ 60 0)

Proteins: Proteins are complex organic compounds of high cubde weight. In common
with carbohydrates and fats, they contain carbgdrdgen and oxygen, but in addition they
all contain nitrogen and generally sulphur [5]. Yrege one of the primary constituents of
living matter.
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Chemically, proteins are high polymers whose stmgcican be arranged in four differrent
ways [5] described below

i. Primary structure: Proteins are built up fromiao acids by means of a linkage between
thea — carboxyl of one amino acid and e amino group of another acid.
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Figure 1: The structure of a peptide

This type of linkage is known as peptide linkage] ¢he stucture is a dipeptide.

ii. Secondary structure: In this structure pragesme conformation of chains of amino acids
resulting from the formation of hydrogen bonds kesw the imino and carboxyl groups of
adjacent amino acids. This could be in form of tegwtructure (where the polypeptide
chains exist in form of an-helix or B-pleated sheet), or it may be irregular and exisa i
random coil.

iii. Tertiary structure: This structure describbe tnteraction between the secondary structure
and the R groups of the amino acids residues. ifitesaction causes folding and blending of
the polypeptide chain, the specific manner of tbklifg gives protein its characteristic
biological activity.

iv. Quaternary structure: Proteins possess quatgstructure if they contain more than one
polypeptide chain. This structure is usually siabd by forces such as hydrogen bonds and
electrostatic or salt bonds formed between residudabe surfaces of the polypeptide chains.
proteins are classified either as simple protemsomgugated proteins. The simple proteins,
examples are fibrous and globular proteins and ugatgd proteins examples are
glycoproteins, phosphoproteins, lipoproteins & choproteins[5]

Antinutritional factors

These are compounds found existing together witierst (nutritional compounds) that are
characterised as being toxic/poisonous as theyehitige bioavailability of some important

mineral elements. Therefore, intake of plant foelald of these substances in amount
compatible with the optimal metabolic activites tbe body for good health is of great

importance [8]. The antinutrional compounds oxaatghytates, cyanogenic glycosides,
tannins and saponins are discussed in the followvssations, but tannins and saponins,
although anti-nutritive factors, also have theajoetdalues.

Oxalates: Oxalic acid (ethanedoic acid) is one of the mogtartant dicarboxylic acids. It
occurs in rhubarb, sorrel, tomatoes and other pldDkalates are formed when oxalic acid
reacts with metal ions especially calcium [6]

[COOH, + Ca [COOLCa + Hyg) (i)
oxalic acid aldum oxalate
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The presence of oxalic acid in food reduces thavadability of calcium, magnesium, etc.
This acid is an active poison which depresses ¢néral nervous system [6]. When oxalates
are formed, the crystals (oxalates) can precipigataind the renal tubules causing renal
stones which may lead to renal damage known agkidtones. Soluble oxalates are toxic to
the body and at a dose of 2-5g and above, oxalician active poison [6]

Cyanogenic glycosides:Plants such as legumes, tubers, cereals and cassdgase
hydrocyanic acid upon enzymatic hydrolysis of plaminpounds like Amygdalin, linamarin
and lotaustralin [9]

They have the ability to form a stable complex Wi&" cytochrome oxidase system of
aerobic organisms leading to death by cellular Enf0]

Total phytates: Phytic acid is an organic acid found in plant matezspecially in seeds in a
form of a phosphorus storage compound. The mostafmet effect of phytic acid in nutrition
is the chelating of certain essential mineral elesuch as Ca, Mg, Fe, P and Zn to form
insoluble salts phytates, thus altering their gbison. Phytates also inhibit the functions of
some digestive enzymes such as pepsin, pancrewtin a amylase. Never the less phytate
also find useful application as anti — carcinogtad protect against colon cancer. It is also
known to be a potent antioxidant [11]

Tannins: Tannins are compounds charaterised as being nomystaltisable complex
compounds, which normally form colloidal solutioirts water. They are usually of high
molecular weight (1000 — 5000). Tannins are compgdenolic compounds which are
usually found in vegetables [9]. They form compkexeith protein by precipitating the
protein. They also combine with digestive enzymesrdby making them unavailable for
digestion . Industrially, tannins are defined abssances of plant origin, which have the
ability to cross link with protein and capable odirtsforming raw animal skin into leather
[12] .Tannins are classified into two, namely:

i. hydrolysable tannins. These are esters of@allid and glycosides of these esters. They
hydrolyse upon heating with dilute acids, givinggise and either gallic acid (gallitanins) or
ellagic (ellagitannins),[12] .Examples of somelwdge tannins are given in Figure 2.

ii. condensed tannins. They are polymers deriveanfvarious flavonoids. They do not
hydrolyse upon heating with dilute acids but oxédesnd polymerise giving insoluble red
amorphous precipitates (phlobaphenes) e.g tea [9].

Tannins are also found to play an active anti tiatral role in the body where they affect the
gastrointestinal tract, interfere with the absanptof iron and with a possible carcinogenic
effect [9] .They also have therapeutic value asragnts, since they are able to precipitate
proteins. Through this effect, they can be usestop haemorrhage and to treat diarrhea as
well as burns [9].

The objectives of this research is to analyseddhees ofindigofera astragalinafor their
nutritional and antinutritional factors in the W& and to compared the results with those
reported for other green plants in literatures sot@ make recommendations on the
importance or otherwise of the leaves in termsush&n nutrition and medicinal use.
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Figure 2 Structures of some tannins
EXPERIMENTAL SECTION

Fresh and tender plants loidigofera astragalinavere collected from Gwiwa low-cost and
Arkilla Federal low-cost areas in Wamakko Local @mment Area of Sokoto State. It was
identified by a taxonomist in the Botany unit, Depgnt of Biological Sciences, Usmanu
Danfodiyo University Sokoto.

All reagents were of analytical reagent grade wlatherwise stated. Distilled water was
used in the preparation of solutions and dilutioless otherwise stated.

Sample treatment and extraction:The leaves were separated from the stalks, wastdd a
sun dried for three (3) days, blended into finevger using a blender machine, sieved and
stored in a covered plastic container for furthee.uAll determinations unless otherwise
stated were carried out in triplicates.

Determination of crude protein content
The crude protein of the sample was determinedyubie micro — Kjeldahl method described
by AOAC [13] .The principle of this method is basaal the transformation of protein and
that of the other nitrogen containing organic coommts, other than nitriles and nitrates into
ammonium sulphate by acid digestion.

Sample nitrogen +3$0yqq _Catalygst (NE)2SOsaq) (i)
NHs(ag)+ HsBOs (ag) NH aq)+ H2BO3 (ag) (v)
H @+t HBO3aq ——> bBOs ) (vi)
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The sample (2g) was weighed along with 20@hdistilled water into a micro — Kjeldahl
digestion flask. It was shaken and allowed to stEomdsometime. One tablet of selenium
catalyst was added followed by the addition of 2bconcentrated sulphuric acid.

The flask was heated on the digestion block af@0@r 4 hours until the digest became
clear. The flask was removed from the block andvetd to cool. The content was
transferred into 50civolumetric flask and diluted to the mark with wate

An aliquot of the digest (10chhwas transferred into another micro-Kjeldahl flaséng with
20cnT of distilled water, and placed in the distillingtket of the micro — Kjeldahl distillation
unit. A conical flask containing 20¢hof boric acid indicator was placed under the cosee
outlet. Sodium hydroxide solution (20&m10%) was added to the content in the Kjeldahl
flask by opening the funnel stopcock. The disiilat start and the heat supplied was
regulated to avoid sucking back. When all the aéd distillate was collected in 20¢mf
boric acid, the distillation was stopped. Theogen in the distillate was determined by
titrating with 0.01M of HSQy; the end point was obtained when the colour ofdiséllate
changed from green to pink.

Crude protein is a measure of nitrogen in the samplwas calculated by multiplying the
total nitrogen content by a constant, 6.60. Thidbased on the assumption that, proteins
contain about 16%N which includes both true progid non — protein N and does not make
a distinction between available or unavailable girotThe crude protein was calculated using
equation presented elsewhere [14]

Determination of carbohydrates

The method of James [15] was adopted where thé podportion of carbohydrate in the
leaves sample was obtained by calculation usingodreentage weight method. That is by
subtracting the % sum of food nutrients: % protétn¢crude lipids, % crude fibre and % ash
from 100%. This is done by using the equationwelo

% CHO = 100% - (% cr. protein + % cr. lipid&-cr. fibre + % ash) (vii)

Antinutritive analysis

Determination of total oxalates:Total oxalate was determined. To Ig of the grouadigter,
75cnt of 1.5M H,SO, was added. The solution was carefully shaken mreehanical shaker
for 1 hour and then filtered using Whatman No.fefilpaper.The filtrate (25c¢hwas then
collected and titrated against 1.0M KMp6blution till a faint pink colour that persisteor f
30 seconds appeared. Toofi 0.1M KMnO, = 0.00450g oxalic acid

Determination of total phytates

The powdered sample (4g) was soaked in 160m2% HCI for 3 hours and filtered. The
filterate (25cr), 5cnt of 0.3% NHSCN and 53.5cthof water were mixed together and
titrated against standard Fe@blution (containing 0.00195g Fe/&nuntil a brownish yellow
colour which persisted for 5 minutes appeared. iRhytphosphorus (chnFe = 1.19 mg
phytin phosphorus) was determined and phytate nbmtas calculated by multiplying the
value of phytin — phosphorous by 3.55 [16]

Determination of tannins

The sample (500g) was weighed into a 10beatumetric flask, 50crhof distilled water was
added and shaken for 1 hour on a mechanical shakes. was filtered into a 50chm
volumetric flask and made up to the mark with walére 5cni of the filtrate was pipetted
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out into a test tube and mixed with 3tof 0.1M FeC} in 0.1M HCI and 3crhof 0.008M
potassium ferrocyanide. The absorbance was meassieg a spectrophotometer at 520nm
wavelength, within 10min. A blank sample was prepatihe colour was developed as for the
sample and absorbance read at the same waveléngthndard was prepared using tannic
acid. Tannin concentration was calculated in (mgiding the equation xvi[B]

Tannin = _Abs of test sample conc. of standard (viii)
(mg/100g) Abs of standard

Determination of cyanogenic glycosides

This is based on the reaction between alkalineafgaand hydrogen cyanide (HCN) resulting
in an orange colour which is measured at 490nm. e Tiipid free extract (2.0g) was
dissolved in 10crhof water allowed to stand for 24hours, it was tfigared and 1.0crhof
filtrate was pipetted into a test tube, 4cof alkaline picrate solution was added and
incubated for 5 minutes in a water bath a@O0The test tube was cooled to room
temperature and absorbance of the solution wasdedat 490nnfil3] .The concentration of
cyanide in the extract was determine from the taiflestandards for cyanide and their

absorbance below.
Table 1: standards for cyanide and their absorbance

0.5
0.660

0.7
.800 9200.

1.0
0.132

0.2
0.270

0.3
0.412

0.4
0.540

Conc(mg%)
Abs at 490nm

RESULTS AND DISCUSSION

The results of the various analyses conducted @sdmple are presented in Tables 2-3.

Table 2:Proximate composition ofindigofera astragalinaleaves(% dry matter +SD)

Parameter Level (%)
Moisture (% wet weight) 51.0@+05
Ash 8.1740.58
Crude Lipid 5.040.50
Crude Protein 8.2340.11
Crude Fiber 2.6740.29
Carbohydrate 75.94+0.64

Values expressed as: Mea®b; The calorific value is 578.87 kcal/100g

Table 3: Anti — Nutritive factors in |. astragalinaleaves

Parameter Concentration mg/100g

Oxalate 2.26 £ 0.00

Phytate 12.26 £ 0.01

Cynogenic glycoside 0.24 + 0.00

Tannins 3.05+0.02
[Oxalate ]/ [Ca] ratio 0.20
[Oxalate]/[Ca + Mg] ratio 0.10
*[Ca] [Phytate] / [Zn] ratio 0.06

Values are expressed as:

Mean +SD; *Molar ratio(fkg)

Proximate analysis:The result revealed that the moisture content0(5*.0.50%) is higher
than those of some common Nigerian leafy vegetableh asXanthosem sagittifolum
(14.7%), Gnetum buchholsianiun{33.8%), Vernonia amygdaline(27.4%,) Adansonia
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digitata (9.5%) [17], but lower compared to moisture cohtesthin the range of 58.0 —
90.64% reported in some other Nigerian green leafjetables [18]. astragalinaleaves has
relatively average moisture content but that cao ahow some possible microbial activities
during storage [10] .The ash content 8.1738% indicates that the leaves are rich in minera
elements. The value obtained is lower compare®10026 for Balsam apple leaves [10]

The leaves contained 5.0 6:5% crude lipid, which is lower than 11% in wagginach
leaves [19], but higher when compared to spinaekde (0.3%) and Chaya leaves (0.4%)
and 1.60% irAmaranthushybridus leaves [20]

The crude protein content of 8.230+11% obtained in present study is higher compé&wed
6.30% in water Spinach [19], 4.6% lomordica foecidéeaves consumed in Swaziland, but
lower compared with 11.29% in balsam apple leav&H),[24.85% in sweet potatoes
leaves,andPiper guineesesand Talinum triangularewith values of 29.78% and 31.00%
respectively . The recommended dietary allowand@ARfor children, adult males, adult
females, pregnant women, and lactating mother28y&3,50,60,65g of protein daily [22].
For 100g ofindigofera astragalindeaves to provide 8.23g of proteins, then it inthsahat
the leaves are a poor source of daily proteins.

The crude fibre content of 2.67% is low compared.20% in sweet potatoes leaves 13% in
Tribubus terrestrigTsaida) leaves, [10] .29.00% in balsam appledsd?1], but the value is
within the range of 0.70 — 12.0% for most leafy etedples . Dietary fibre helps to reduce
serum cholesterol level, risk of coronary hearteds®e, colon and breast cancer and
hypertension [22] The recommended daily allowamigA) for fibre is 18 — 35g that means
100g ofl. astragalinacannot provide the daily fibre requirements of boely.

The carbohydrate content of the leaves is conditietagh 75.94+0.64% compared to some
other leafy vegetables likEribulus terrestris(* Tsaidd ), 55.67% , 54.20% in water spinach
leaves [19] and within the range with 75% in sweaathto leaves [23] but lower than 82.8%
in Corchorus tridensleaves [23] . Carbohydrate and lipid are thegipial sources of energy,
the carbohydrate content per 100g lofastragalina provide 578.87 kcabf energy, this
indicates that the leaves of this plant can coatebmeaningfully to the daily energy
requirement for an adult which is 3000kcal/day [2]

The calorific value ol. astragalinaleaves is 578.87kcal/100g on dry weight which ighhi
compared to 248.8 — 307.1kcal/100g reported in sWhigeria leafy vegetables [24] .This is
expected because of the high carbohydrate conténT5®4%. For that,Indigofera
astragalinacan serve as a good source of energy for the body.

Antinutritive factors:

The oxalate contentof I. astragalinaleaves was found to 2.26+0.00mg/100g dry matter.
This value was higher when compared to 02.20+0.0Y08gy in Borassus aethiopurbut
lower compared to 28.89mg/100g @assia siamadeaves [1] and 3.15+0.07mg/100g in
Tribulus terrestrisleaves [25] According to Ladegt al., (2004) oxalate can bind to calcium
present in food thereby rendering calcium unavilafor normal physiological and
biochemical roles. Oxalates present in food islinde, it may also precipitate around soft
tissues such as the kidney, causing kidney stoiiée . low level of oxalate in the leaves,
make the [oxalate] / [Ca] and [Oxalate/ [Ca +Mgjioa to be 0.20 an 0.10 respectively.
These values are below the critical level of 2.5icwhis known to impaire calcium
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bioavailability [5] .This implied thatindigofera astragalinaleaves have good calcium
bioavailability.

The phytate contentsof the leaves is 12.26 £+ 0.01 mg/100g which ghlr compared to
8.24mg/100g irCassia siameé&eaves [1] and 2.13£0.51mg/100gRarkia biglobosd5] but
lower than 392.23mg/100g in egg plant and 1214 .5@rRg/100g inT. terrestris[25]. Phytic
acid can bind to mineral elements such as calcainc, manganese,iron and magnesium to
form complexes that are indigestible, thereby desirg the bioavailability of these elements
for absorption. The low phytate content in thevésaindicate that the consumption of the
leaves will not affect the bioavailability of miras especially Ca and Zn for absorption, and
the [Ca] [Phytate/ [Zn] molar ratio which is 0.06Wkg is below the critical level of
0.5mol/kg [8] .The leaves thus have good calciucabailability.

The cynogenic glycosidéhydrocyanic acid) content in the leaves is 0.21@mg which is
low when compared with 4.79+0.24mg/100gTinterrestrisleaves [25] and 20mg/100g in
the raw leaves o€elosia argenta. Consumption of high levels of cyanide is asgdediavith
serious health problems, spatic paraparetis kn@avwiamzo lethal dose range for human of
cyanide taken by mouth is estimated to be only-0.5.5mg/kg body weight [25]. With
respect to cyanide content the leavek abtragalinaare safe for consumption.

The tannins content in the leaves is 3.05 + 0.200@y, this value is low when compared to
7.40£0.14mg/100gq, iBalanite aegyptiacgDesert date), and 4.83£0.15mg/100g iie¥
donianan but higher than 0.93©.11mg/100g inParkia biglobosa[8] .Tannins in food
impose an astringent taste affecting palatabilitgduce the intake of the food and
consequently body growth. Tannins can bind to ketbgenous and endogenous proteins
including enzymes of the digestive tract, therefbgciing the utilisation of protein [19]

Vitamin: Vitamin C is an excellent antioxidant and free ralbliscavenging nutrients
protecting cells from damage by oxidants. Themites C content is 21.13mg/100g in the
leaves is higher when compared with 10mg/100DRiospyrus mespiliformjsut lower when
compared with 54mg/100g in orange juices [25]. Ri®A of vitamins C is 60mg/day for a
male adult. Ascorbic acid in the body increasa iabsorption from the intestine and it is
also required for connective tissue metabolism &afi¢ the scar tissues, bone and teeth
[25]. The leaves off. astragalinacan actually provide the daily needs of vitamins C

CONCLUSION

The Indigoferaastragalina leavediave high calorific valud. astragalinaleaves are quite
safe for consumption, since they contains low amtiritive agents such as the oxalate,
phytate, cyanogenic glycoside, and tannins contértould have potential therapeutic or
physiological actions on human system. Other amtitive agents such as aflatoxins, trypsin
inhibitor, o — amylase inhibitor, etc. which could hinder aahility of mineral nutrients
should be investigated.

REFERENCES
[1] Ngaski, M. N.(2006) Phytochemical screening and proximate analys@asisia siamea

leaves. M.Sc. Dissertation (Unpublished). Submitted postgraduate school, Usmanu
Danfodiyo University, Sokoto.

267



A.U.ltodo et al J. Chem. Pharm. Res., 2010, 2(5): 259-269

[2] Hassan , L. G., Umar, K. J. and Tijjani, A. £007) Preliminary Investigation on the
feed quality oMonechma cilition Seeds. Chem class Jour#al83:81

[3] Tukan, S. K., Takruri, H. R. and Al — Eisaw, D. 4998) International Journal of Food
Sciences and Nutritiod9, 225 — 235.

[4] Mohammad,H. A(2004) Chemical investigation and bio-effect loidigofera confarta
(DC), B.Sc. Project (Unpublished), Department of ChémidBayero University, Kano. pp 1
-4,

[5] McDonald, P., Edward, R. A., Greenhalti, F. D. avdrgan, C. A.(1995) Animal
nutrition. Prentices Hall, London, Pp. 101 — 122.

[6] Bahl, B. S., and Bahl, A1980) A Text Book of Organic Chemistry2" edition Chand
& Company, New Delhi, pp. 909 — 918.

[7] Morrison, R. T., and Boyd, R. N1997) Organic Chemistry6™ Edition Prentice Hall,
New Delhi, Indian.

[8] Umar, K. J(2005) Proximate analysis of seeds and Pulp of Africanust BeansRarkia
biglobosa L) M.Sc. Dissertation (Unpublished). Submitted testgoaduate school, Usmanu
Danfodiyo University, Sokoto.

[9] EI-Olemy, M. M., Al-Muhtadi, F. J., Afifi, A. A(1994).Experimental phytochemistry. A
laboratory Manual King Saud University Press, pp. 8 — 9.

[10] Hassan, L. G. and Umar, K. (R0O06) Nutrional value of balsam appl&¢@mordica
balsamina L.JeavesJournal of Nutrition5 (6): 522-529.

[11] Ademoroti, C. M. A.,(1996). Environmental chemistry and toxicologyoludex press
Ltd., Ibadan, pp. 209 — 214.

[12] Zzaki, U. F.(2000) Investigating the efficacy of three plant speci®selerocary birra,
neocarya Macrophyllaand Grevia melli§ as anti — snake venon. M.Sc. dissertation
(Unpublished). Submitted to post graduate schosindhu Danfodiyo University, Sokoto.
[13] AOAC. (1990) Official Methods of Analysis14" edition, Association of Official
Analytical Chemists, Washington DC.

[14] Udo, E. J. and Oguwele, J. f986) Laboratory manual for the analysis of soil, plants
and water samples3® edition, department of crop production, Universifyllorin, Kwara
State Nigeria. pp. 131 — 152.

[15] James, C. S(1995) Analytical chemistry of foodChapman and Hall, London, pp. 64 —
65.

[16]Ola, F. L. and Oboh, G(2000) Food value of two nigerian edible mushrooms
(Termotomycetes stratasd Termomycetes Roburju3he Journal of Technoscienekel-3.
[17] Tunde, O(1998) Green leaf Vegetables. Nutritional quality ofrgléoods, post harvest
research unit, Department of Biochemistry Univgrsit Benin, Benin City, Nigeria pp 120 —
133.

[18] Ladan, M. J., Bilbis L. S., and Lawal, N1996) Nutrient composition of some green
leafy vegetables consumed in Sokoligerian Journal of Basic and Applied Sciences,
5(1&2): 39 — 44,

[19]Umar, K. J., Hassan, L. G., Dangoggo, S. M. andabad\V. (2007) Nutritional
composition of water spinackppmoea aquatic#&orsk.) leaveslournal of Applied Sciences,
7(6):803 — 8009.

[20] Nwaogu, L. A., Ujowundu, C. O. and Mgbemena, A.(2000) Studies on the
nutritional and phytochemical composition Afmarantus hybridud.eaves.Bio-Research
4(1): 28 — 31.

[21] Hassan, L. G., Umar, K. 2010) Anti-nutritive factors in African locust BeanBdrkia
Bioglobosa. Proceedings of the #7Entertainment Conference of the chemical Sociéty o
Nigeria, University of Benin, Benin City, Nigeria, pp 26810.

268



A.U.ltodo et al J. Chem. Pharm. Res., 2010, 2(5): 259-269

[22] Ganong, W.F.,(2003) Review of medical physiolog21™ edition, McGraw Hill.
Companies Inc, New York, pp. 316-318, 514.

[23] Asibey- Berko, E. and Tayie, F. A. €999) Poximate analysis of some under utilized
Ghannian vegetable&hanaJournal of Science39:91 — 92.

[24] Isong, E. U., Adewusi, S. A. R., Nkanga, E. U., Umk. E. and Offiong, E. £E1999)
Nutritional and phytogeriatological studies of ghneariation oiGnetum africanun{‘afang”)
Food chemistry4: 489 — 493.

[25] Hassan, L. G., Umar, K. J. and Umar, (2006) Antinutritive factors inTribulus
terrestris(Linnaeus) leaves and predicted calcium and zioavailability,

269



