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ABSTRACT

Proximate, vitamins, minerals and anti-nutrients compositions of unprocessed Vigna aconitifolia
(moth bean) were assessed using standard procedures. Proximate compositions (%) of the sample
were moisture, protein, fibre, fat, ash and carbohydrate, respectively were 12.87, 14.06, 3.52,
0.33, 3.52, 2.81 and 66.4 while vitamin (mg/100 g) contents were Vitamin A (14.65IU) Thiamin
(0.23), Riboflavin (0.45) Niacin (0.47), Ascorbic acid (42.25) and Tocopherol (0.25). The mineral
contents (mg/100 g) of the sample were: Potassium (51.57), Sodium (37.20), Magnesium (18.44),
Calcium (16.38) Zinc (2.48), Iron (1.49), Cadmium (0.00), Lead (0.00) and Mercury (0.00) while the
anti-nutrient (mg/100 g) contents were: Alkaloid (2.03), Saponin (0.65), Tannin (2.89), Flavonoids
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recommended.

(1.31), Cyanide (0.45), and Phenols (0.15). Thus, raw Vigna aconitifolia seeds are devoid of known
toxicants (lead, mercury and cadmium) and could serve as a good source of nutrients notably
carbohydrate, protein, ascorbic acid, vitamin A, potassium, sodium and flavonoids. Further studies
including on processing and on toxicological evaluation in animal models are warranted and

Keywords: Vigna aconitifolia; vitamin; mineral; anti-nutrients; proximate.

1. INTRODUCTION

Legumes which are mainly the edible dry seeds
are one of the major classes of seeds that play
an important role in human nutrition. They
contain 25% protein thereby serving as substitute
for meat [1]. Though the protein in legumes is not
complete due to its low level of essential amino
acids, they are complemented by taking legumes
with some other foods such as rice, maize and
plantain. They are rich source of vitamins and
minerals which includes calcium, iron and zinc [2]
and also some health protecting compounds [3]
which has some physiological effects such as
common metabolic disease (diabetes, cancer
and coronary heart disease) prevention, lowering
of plasma cholesterol level [4,5]. Legumes have
been shown to serve as important source of
folate; the vitamin involved in lowering of
homocysteine blood level, proposing that
legumes may have a positive correlation with the
reduction of death as a result of coronary heart
disease [6]. Legumes contain some anti-nutrients
which inhibit the activity of protein splitting
enzymes leading to poor protein absorption and
digestion, but these anti-nutrients may be
reduced or destroyed by presoaking process and
heat treatment. Their pods are made up of
essential fibres which can serve as animal feed

[7].

Vigna aconitifolia belongs to the Fabaceae family
and of the Vigna genus. It is a minor leguminous
crop commonly known as mat bean or moth
bean produced and consumed especially in
tropical and sub-tropical areas of Africa, Asia and
Latin America [8]. It is also grown and consumed
in the eastern part of Nigeria where it is known
as Odudu by the Igbo tribe [9]. Vigna aconitifolia
is a short semi-erect hairy annual bushy crop,
with a prostrate creeping habit. It has bright
yellow flowers and linear pods with green colour
while fresh or brown when dried. The pod
contains about four to ten small seeds which are
light-brown, whitish-green or mottled in colour
[10]. Before consumption, Vigna aconitifolia is
being soaked overnight and then cooked; this
presoaking activity and cooking may affect the

nutritional quality of the beans [11]. It can
improve the nutritional quality and also help
inactive some heat labile anti-nutritional
compounds thereby increasing the bioavailability
of the legumes as well as permit the digestion
and assimilation of proteins and starch [12]. It is
often consumed as cooked whole seed, split
peas or sprouts [10].

However, Vigna aconitifolia is one of the vigna
species that is underutilized [13] unlike the
properly utilized ones like V. ungniculata, Glycine
max, Vigna sinensis, Cajanus cajan, etc.
Evaluation of nutritional and anti-nutritional
compositions of the seed of Vigna aconitifolia
remains unexplored and hence scanty.
Therefore, there is need to ascertain the
nutritional and anti-nutritional compositions of
this neglected and unexploited legume. These
warranted this study aimed at assessing the
proximate, vitamins, minerals and anti-nutrients
compositions in the raw/unprocessed moth bean
seeds.

2. MATERIALS AND METHODS

2.1 Sample Collection, Identification and
Preparation

The Vigna aconitifolia sample used for this study
was bought from a local market in Umuahia
North local government of Abia State of Nigeria
and was identified as Vigna aconitifolia in the
Plant Science and Biotechnology Department of
Imo state University Owerri. The seed of Vigna
aconitifolia were properly air dried for 3 days
after selection (removal of broken seeds,
immature seeds and foreign particles) before it
was ground into fine powder using a laboratory
milling machine (Thomas Willey mill, ED-5, USA)
and then package in a sterilized bottle. The
packaged powdered sample was then taken to
the laboratory for analyses.

2.2 Chemicals and Reagents

All Chemicals used were of analytical grade and
products of reputable companies and was



supplied by the research institute were the
analyses were carried out.

2.3 Determination of Studied Parameters

2.3.1 Proximate analysis

Proximate analyses were carried out to
determine protein, fibre ash, fat, moisture and
carbohydrate content using the methods of
association of analytic chemists [14].

2.3.2 Vitamin analysis

Vitamins C and E were determined by the
method described by [15] while Vitamins A,
B;, B, and Bs; were determined by
spectrophotometric method as described by [16].

2.3.3 Mineral analysis

Sodium and Potassium were determined using
flame photometry. Phosphorus was determined
by spectrophotometric method [17] while lead,
mercury, cadmium, calcium, magnesium, iron
and zinc were determined by atomic absorption
spectrophotometric methods [14]. Each sample
was analyzed twice and the mean data (mean *
SD) were reported herein.

2.3.4 Antinutrient analysis

The alkaloid and saponin content of the sample
were determined by the colorimetric method [14].
The absorbance of each sample was measured
at 420 nm (for alkaloid) and at 620 nm (for
saponin) using spectrophotometer (Jenway
6305, England) and the quantity of the anti-
nutrient estimated from a standard curve
obtained by plotting the concentration of the
standard anti-nutrient concentration against
the absorbance. The flavonoid content was
determined according to method of [18]. The
cyanogenic glycoside content was determined by
the alkaline picrate method [16]. A portion (5 g)
of the sample, ground into paste was dissolved in
50 ml distilled water in a corked conical flask.
The extraction was allowed to stay overnight (12
h). The sample was filtered and the filtrate was
used for the cyanogenic glycoside determination.
To 1 ml of the sample filtrate in a corked test
tube, 4 ml of alkaline picrate was added and
incubated in a water bath for 5 min. The
absorbance was read at 490 nm. The
absorbance of the blank (which contained only 1
ml distilled water and 4 ml alkaline picrate
solution) was read and used to stabilize the
spectrophotometer before taking the absorbance
of the samples. The cyanogenic glycoside
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content was extrapolated from a cyanogenic
glycoside standard curve and the cyanogenic
glycoside content calculated using the formula:

Cyanogenic glycoside (mg/100 g) =

Absorbance x Gradient factor x Dilution
Weight of sample

The follin-Denis Spectrophotometric method as
described by [19] was used to determine the
tannin content in the samples. The absorbance
of the developed color was measured at 760 nm
wavelength with the reagent blank set at zero.

The phenol content was determined by the
method described by [20]. Phenol was extracted
by filtering 0.2 g of the sample dissolved in
methanol. Then, 1 ml of the filtrate was mixed
with 1 ml of Folin Ciocalteu reagent and 2 ml of
20% Na,CO0j; solution was added. The intensity of
the developed color was measured at 560 nm
using spectrophotometer. The standard phenol
value was likewise determined and the phenol
content in the samples calculated from the
relation:

Au-AbxCxD X 100

Phenol content (mg/100 g) = = =~ 1

Where:

Au = Absorbance of the test sample
Ab = Absorbance of blank

As = Absorbance of standard phenol
C = Concentration of standard phenol
D = Dilution factor of any

2.4 Statistical Analysis

Proximate compositions, vitamins, minerals and
anti-nutritional factors were estimated in
duplicate determinations. Estimates of mean and
standard deviation for the above mentioned
parameters were calculated using simple MS
excel.

3. RESULTS AND DISCUSSION

The proximate compositions of the seed were as
shown on Table 1. Proximate analysis of food is
of great importance in that it accounts for the
food quality and it is usually the basis for the
establishment of nutritional quality of food and its
acceptability by consumers. The proximate
results of the present research agree with report
of other scientist on Vigna aconitifolia and other
related Vigna species [21,22,1]. However, the
crude protein content of the present investigated
sample was lower than the values reported by
[21] on Vigna acontifolia and Vigna unguiculata.



This could be as a result of difference in the
location where the plants were obtained. Protein
enhances the repair and replacement of worn out
tissues and also plays vital role in immune
regulation [23]. The carbohydrate content of the
investigated sample was higher than those of
Glycine max and Phaseolus lunatus [24] but
lower than the value reported for Grewia sapida
[25]. Food rich in carbohydrate provides more
energy. The key function of carbohydrate in the
body is to provide energy which is responsible for
doing various day to day activities. Moisture
content of a sample is used to measure its shelf
life, the lower the moisture content, the longer
the shelf life. The moisture content of the
investigated Vigna aconitifolia compares with the
value (11.25+0.11) reported by [26] for M.
pruriens but higher than those reported for mung
bean, chickpea and green pea [1,27]. The ash
content compared with the values reported for
Mash bean [22] and Vigna aconitifolia [21]. This
implies that investigated Vigna aconitifolia
contains nutritionally important mineral elements.
The fibre content compares with the values
reported for Vigna unguiculata and mash bean
[21,22] but higher than that of Grewia sapida [25]
thus, Vigna aconitifolia could serve as a source
of dietary fibre. Fibre improves food bulk,
appetite satisfaction, lowers cholesterol level and
prevents constipation [28,29].

Table 1. Proximate composition of Vigna

aconitifolia

Parameter Concentration (%)
Moisture 12.87+0.03

Crude protein 14.06£0.01

Crude fibre 0.331£0.01

Crude fat 3.52+0.00

Ash 2.81+0.00
Carbohydrate 66.41+0.00

All values are mean of duplicate determination on a
dry weight basis + standard deviation

The result of the vitamin compositions of Vigna
aconitifolia (moth bean) were as shown on Table
2. Vitamins are important in the body because of
their involvement in human metabolism.
However, their deficiencies can adversely affect
human metabolism. The vitamin A content of the
investigated Vigna aconitifolia recorded 14.65 IU.
Therefore, the vitamin A content revealed by this
study was below the RDA for Vitamin A but
compared with the value reported by [30] on
mango seed. Vitamin A also known as retinol is
required for maintenance of healthy epithelia
tissue, normal vision and the synthesis of
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transferrin. Deficiency of this vitamin could lead
to anaemia, decrease resistance to infections
and cancer as a result of compromise in the
immune system [31]. Vitamin C, also Known as
ascorbic acid is an enzyme cofactor required for
synthesis of important biochemicals [32]. Vitamin
C is a potent antioxidant which reduces oxidative
stress; it is required for maintenance of normal
connective tissue and involved in wound healing
[33]. Its deficiency results to capillary fragility,
scurvy and anaemia [32]. Among all the
investigated vitamins, vitamin C had the highest
concentration (42.25 mg/100 g). This value
compared with the values 37.84 and 38.4
mg/100 g) reported on G. max by [34] and
Cajanus cajan by [35], but was higher than the
value reported by [36] for water melon seed.
Therefore, the availability of vitamin C in the
investigated Vigna aconitifolia suggests its high
capacity of playing vitamin C mediated roles.
These vitamin B complexes (B;, B, and Bj3) are
classified as energy releasing water soluble
vitamins, they are very essential for regulation of
normal human metabolism especially in minute
measure. Niacin prevents the disease; pellagra
while the deficiency of thiamine causes the
disease beriberi [33]. Deficiency of riboflavin
does not result to a specific disease; however,
there is the possibility of underestimating its
importance. The symptoms of riboflavin
deficiency include inflammation of the tongue
and lesions in the eyes and lips [33,37]. The
thiamine and riboflavin compositions compared
with the standard recommended dietary
allowance (RDA) for children while the niacin
composition was lower than the values reported
by [26] for M. puriens and Vigna aconitifolia and
V. unguiculata by [21]. The vitamin E
composition compared fairly with the value
reported For A. conyzoides [38] but lower than
that reported by [39] for Ficus capanensis and
Mucuna pruriens.

Table 3 showed the mineral composition (mg/100
g) of Vigna aconitifolia. The various minerals
determined were present except mercury, lead
and cadmium which were not detected, this
agrees with that reported by [21]. Among all the
investigated minerals, potassium registered the
highest value. This implies that the incorporation
of Vigna aconitifolia into the diet of people who
takes diuretics to control hypertension could be
beneficial [40]. The value obtained for sodium in
the present sample compared with that reported
by [21], but higher than that reported by [27] for
Mung bean. The values registered for calcium,
and phosphorus in the present sample were



lower than the values reported by [21] for Vigna
aconitifolia  and Mung bean [27] but the
magnesium content of the seed was higher when
compared with that of chickpea, cowpea and
green pea [1]. The Zinc content of the seed was
higher than that reported for Vigna aconitifolia
and V. unguiculata by [21] while the iron content
was lower than that reported for chickpea and
cowpea [1]. Cadmium, mercury and lead have no
biochemical or physiological functions in human
rather they are regarded as toxic pollutants.
However, their absence in the investigated
sample implies that the samples is free of toxic
element and is not harmful to the consumers.

Table 2. Vitamin constituents of Vigna

aconitifolia
Vitamins Concentration (mg/100 g)
Vitamin A 14.65 + 0.05 (IU)
Thiamin 0.23 +0.00
Riboflavin 0.45 +0.00
Niacin 0.47 £0.00
Ascorbic 42.25+0.01
Vitamin E 0.25 +0.01

All values are mean of duplicate determination on a
dry weight basis * standard deviation

Table 3. The mineral constituents of Vigna

aconitifolia
Minerals Concentrations (mg/100 g)
Sodium 37.20 £0.02
Calcium 16.30 £ 0.01
Magnesium 18.44 +0.01
Potassium 51.57 +£0.02
Phosphorus 31.13+0.03
Iron 1.49 £ 0.00
Zinc 2.48 +0.00
Cadmium ND
Mercury ND
Lead ND

All values are mean of duplicate determination on a
dry weight basis * standard deviation.
ND = Not Detected

Table 4. Anti-nutrient composition of Vigna
aconitifolia

Anti-nutrients Concentration (mg/100 g)

Alkaloid 2.03+0.02
Saponin 0.65+0.05
Tannin 2.89+0.01
Flavonoid 1.31+0.01
Cyanogenic 0.46+0.01
glycoside

Phenol 0.15+0.01

All values are mean of duplicate determination on a
dry weight basis + standard deviation
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The results of the anti-nutrients obtained in this
investigation were as presented on Table 4.
Legumes contain several anti-nutrients that
reduce the bioavailability of nutrients, but these
anti-nutrients can be reduced through
conventional processing methods [41] including
dehusking, roasting, cooking and soaking.
Alkaloids are secondary plant metabolite with
great pharmacological significance [42]. The
alkaloid content of Vigna aconitifolia was higher
than the value (1.44 + 0.10) reported for Vigna
unguiculata [43]. Alkaloids content greater than
20 mg are harmful for human consumption. The
saponin content was comparably higher than the
values (0.11 £ 0.10 and 0.17 £ 0.11) reported for
Vigna unguicalata and Glycine max respectively
[34] but lower than the value (6.0 + 0.06)
reported for Punica granatum seeds [43].
Saponins are known for their foaming properties
in aqueous solution, astringent taste and
haemolytic activity on red blood cells [44]. Tannin
registered a higher value (2.89 = 0.01) than
those reported for Mucuna pruriens and water
melon seed [45,46]. Tannins are involved healing
of wounds and inflamed mucus membrane; they
also exhibit astringent and antimicrobial
potentials. The flavonoid content of Vigna
aconitifolia was lower than the value (2.03 £ 0.2)
reported for water melon seed [46] but higher
than that reported for Vigna aconitifolia [9].
Flavonoid acts as antioxidants and free radical
scavengers [47]. The value recorded for
cyanogenic glycosides does not agree with that
of [9]. The phenol content compared with the
value reported by [36] for water melon seed.

4. CONCLUSION

Thus, raw Vigna aconitifolia seeds are devoid of
known toxicants (lead, mercury and cadmium)
and could serve as a good source of nutrients
notably carbohydrate, protein, ascorbic acid,
vitamin A, potassium, sodium and flavonoids.
The limitations of the study, including the
unproven representatives of the analyzed sample
and the non-verification of the experimental
result precision were noted and would be
addressed in further studies.

COMPETING INTERESTS

Authors have declared that

interests exist.
REFERENCES

1. Igbal A, Khalil IA, Atteq N, Khan MS.
Nutritional quality of important food
legumes. Food Chem. 2006;97:331-335.

no competing



10.

11.

12.

13.

14.

Beebe S, Skroch PW, Tohme J, Duque
MC, Pedraza F, Nienhuis J. Structure of
genetic diversity among common bean
land races of Middle American origin
based on correspondence analysis of
RAPD. Crop Sci. 2000;40:264-273.

Parul B. Anti-nutritional factors in foods
and their effects. J. Academia Industry
Res. 2014;3(6):285-290.

Bassano LA, Jiang H, Ogden LG, Loria C,
Vupputuri S, Myers L, Whelton PK.
Legumes consumption and risk of
coronary heart disease in US men and
women. Arch. of Internal Medicine.
2001;161(26):2573-2578.

Mathers JC. Pulses and carcinogenesis:
Potential for the prevention of colon, breast
and other cancers. Br. J. Nutr. 2002;88(3):
273-279.

Riddell LJ, Chisholm A, Williams S, Man J.
Dietary strategies for lowering
homocysteine concentrations. Am. J. Clin.
Nutri. 2000;71:1448-1454.

Mankoti K, Modgil R. Effects of soaking,
sprouting and cooking on physico-
chemical properties of moth bean (Vigna
aconitifolia). J. Hum. Ecol. 2003;14(4):297-
299.

Ugbogu AE, Amadi BA. Biochemical
composition of moth beans (V. aconitifolia)
and pigeon pea (C. cajan). Intraspecific J.
of Med. Sci. Res. 2014;1:1-8.

Adsule RN. Moth bean (Vigna aconitifolia
(jacg.) Marechal. In: Legumes and oil seed
in nutrition. Nwokolo E, Smartt J. (Eds)
Chapman & Hall; 1996.

Bishnoi S. Effect of domestic processing
and cooking methods on nutritional value
of peas (Pisum sativum L.). M.Sc. Thesis,
Hau, Hisan India; 1991.

Yusuf AA, Ajedun H, Sanni LO. Chemical
composition and functional properties of

raw and roasted Nigerian benni seed
(Sesanu mindicum) and bambara
groundnut (Vigna subterranean). Food

Chem. 2008;111(2):277-282.

Fery RL. New opportunities in Vigna. In:
Trends in new crops and new uses. Janick
J, Whipkey A. (eds). ASHS Press,
Alexandrio VA. 2002;424-428.

AOAC. Official methods of analysis. 18th
Edition, Association of Official Analytical
Chemists, Gaithersburg; 2005.

Okwu DE, Josiah C. Evaluation of the
chemical compositions of two Nigeria
medicinal plants. Afr. J. Biotech. 2006;5:
357-361.

Opara et al.; ACRI, 11(2): 1-7, 2017; Article no.ACRI.37846

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Onwuka GI. Food analysis and
instrumentation. Theory & Practical
Naphthali Print, Lagos Nigeria; 2005.

Khalil IW, Mann F. Colorimetry and flame
photometry. In: Chemistry (2nd edition).
Taj Printing Press, Peshawar, Pakistan.
1990;131-157.

Khalil 1A, Mann F. Colorimetry and flame
photometry. In: Chemistry (2nd edition).
Taj Printing Press, Peshawar, Pakistan;
1990.

Bohm BA, Koupai-Abyazani MR.
Flavonoids and condensed tannins from
leaves of Hawaiian vaccinium and V.
calycinum (Ericaceae). Pac. Sci. 1994;48:
458-463.

Pearson D. Chemical analysis of foods.

(7th  Edition),  Churchill  Livingstone,
Edinburgh, UK; 1976.
Singleton VL, Orthofer R, Lamuela-

Raventos RM. Analysis of total phenols
and other oxidation substrates and
antioxidants by means of folin-ciocalteu
reagent. Metho. Enzymol. 1999;299:152-
178.

Soris PT, Mohan VR. Chemical analysis
and nutritional assessment of two less
known pulses of genus Vigna. Tropical and
Subtropical Agroecosystems. 2011;4:473-
484.

Shaheen S, Harun N, Khan F, Hussain
RA, Ramzan S, Rani S, Khalid Z, Ahmad
M, Zafar M. Comparative nutritional
analysis between Vigna radiata and Vigna
mungo of Pakistan. Afri. J. of Biotech.
2012;11(25):6694-6702.

Olusanya JO. Proteins. In: Essentials of
food and nutrition. Apex Books Limited,
Lagos; 2008.

Kizito MEI. Comparative studies of the
nutritional composition of soy bean
(Glycine max) and mung bean (Phaseolus
lunatus). Scientia Africana. 2010;9(2):29-
35.

Islary A, Sarmah J, Basumatary S.
Proximate composition, mineral contents,
phytochemical analysis and in vitro
antioxidant activities of wild edible fruit
(Grewia sapida Roxb. Ex DC.) found in
Assam of North East India. J. of Invest.
Biochem. 2016;5:21-31.

Kala BK, Mohan VR. Chemical
composition and nutritional evaluation of
lesser known pulses of the genus,
Mucuna. Advance in  Bioresearch.
2010;1(2):105-116.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Ullah H, Abbas, Shah HU. Proximate and
mineral composition of mung bean. Sarhad
J. of Agric. 2007;3(2):463-466.

Erhirhie EO, Ekene NE. Medicinal values
on Citrullus lanatus  (watermelon):
Pharmacological review. Intl J. of
Research in Pharm. and Biomedical Sci.
2013;4:1305-1332.

Akobundu ENT. Healthy foods in human
nutrition. J. of Sustainable Agric. Environ.
1999;1:1-7.

Fowomola MA. Some nutrients and anti-
nutrient contents of mango (Magnifera
indica) seed. Afri. J. Food Sci. 2010;4(8):
472-476.

Lukaski HC. Vitamin and mineral status:
Effects on physical performance. Nutrition.
2004;20:632-644.

Chaney SG. Principles of nutrition Il
Micronutrient. In: Textbook of Biochemistry
with Clinical Correlations. Devlin TM (Ed)
Wiley-liss; Hoboken, NJ. New York NY;
2006.

Hunt S, Grott JL, Holbrook J. Nutrient
principles and chemical practices. John
Wiley and sons New York; 1980.

Okwu DE, Orji BO. Phytochemical
composition and nutritional quality of
Glycine max and Vigna unquiculata (L)
walp. Am. J. of Food Tech. 2007;2(6):512-
520.

Lajide L, Oseke NAO, Olaoye OO. Vitamin
C, fibre, lignin and mineral contents of
some edible legumes seedlings. J.
of Food Tech. 2008;6(6):237-241.
Egbuonu ACC. Comparative assessment
of some mineral, amino acid and vitamin
compositions of water melon (Citrullus
lanatus) rind and seed. Asian J. of
Biochem. 2015;10(5):230-236.

Tayor QY. Micronutrients. A Unilever
Educational Booklet, Unilever International
Company, London; 1972.

Nwankpa ME, Agbor RB, Amadi BA,
Ikpeme EU. Vitamin and mineral content of
Ageratum conyziodes (goat weed). Nat.
Sci. 2015;13(4):1-5.

Achikanu CE, Eze-Steven PE, Ude CM,
Ugwuokolie. Determination of the vitamin

Opara et al.; ACRI, 11(2): 1-7, 2017; Article no.ACRI.37846

40.

41.

42.

43.

44,

45,

46.

47.

and mineral composition of common leafy
vegetables in south eastern Nigeria. Int’l J.
of Curr. Microbiol. & Appl. Sci. 2013;2(11):
347-353.

Siddhuraju P, Becker K, Makkar HS.
Chemical composition, protein
fractionation, essential amino acid
potential and antimetabolic constituents of
unconventional legumes, Gila bean
(Entada Phaseoloides Merrill) seed kernel.
J. of Sci. Food & Agric. 2001;82:192-202.
Dhumal KN, Bolbhat. Induction of genetic
variability with gamma radiation and its
applications in improvement of horse
gram. In: Gamma Radiation, Adrovic F.
(ed.) 2012;207-211.

Adeolu AT, Enesi DO. Assessment of
proximate, mineral, vitamin and
phytochemical compositions of plantain
(Musa paradisiaca) bract-an agricultural
waste. Intl. Res. J. Plant Sci. 2013;4:192-
197.

Dangoggo SM, Muhammad A, Tsafe Al,
Aliero AA, Itodo AU. Proximate, mineral
and anti-nutrient composition of Gardenia
aqualla seeds. Arch. Applied Sci. Res.
2011,;3:485-492.

Sodipo OA, Akiniyi JA, Ogunbamosu JU.
Studies on certain characteristics of
extracts of bark of Pausinystalia johimbe
and Pausinystalia macroceras (K Schum)
Pierre ex Beille. Global J. Pure Applied
Sci. 2000;6:83-87.

Kalidass C, Mahapatra AK. Evaluation of
the proximate  and phytochemical
compositions of an underexploited legume
Mucuna pruriens var. utilis (Wall ex Wight)
L.H. Bailey. Int'l| Food Res. J. 2014;21(1):
303-308.

Braide W, Odiong 1J, Oranusi S.
Phytochemical and Antibacterial properties
of the seed of watermelon (Citrullus
lanatus). Prime J. of Microbio. Res.
2012;2(3):99-104.

Okwu DE. Phytochemicals, vitamins and
mineral contents of two Nigerian medicinal
plants. Int'l J. of Mol. Med. & Adv. Sci.
2005;1(4):375-381.

© 2017 Opara et al; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/22467




