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Abstract The proximate analysis, functional properties and amino acid composition of Piper guineense leaves were
investigated. The results showed that Piper guineense leaves contained moisture (11.51%), total ash (13.94%), crude
protein (3.87%), crude fat (5.48%), crude fibre (12.60%) and carbohydrate (53.15%). The sample contained oil
absorption capacity (106.75%), water absorption capacity (187.5%), emulsion capacity (250.5%), foaming stability
(3.75%) and foaming capacity (94%). The water and oil absorption capacities were relatively good. Glutamic acid
was the most abundant amino acid while cystine (1.099/100g crude protein) was the least amino acid. The total
essential amino acid of the sample was calculated to be (51.46¢g/100g crude protein) which showed that the sample
contained moderate quantities of essential amino acids.
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Introduction

Vegetables are unavoidable components of human diets because of their ethno-medicinal and nutritional potentials.
They generally contain low fat and protein contents [1] and varying levels of vitamins, minerals, phytochemicals,
antioxidants, anti-carcinogenic agents and fibre for gastro intestinal functions [2]. The cultivation of green leafy
vegetables proliferate different races because of their various and health benefits [3]. It constitutes an indispensable
constituent of human diet, especially in local delicacies. Vegetables are those herbaceous plants whose parts are
eaten as supporting food or main dishes and they may be aromatic, bitter or tasteless [4].

Vegetables are included in meals mainly for their nutritional value; however, some are reserved for the sick and
convalescence because of their medicinal properties. They are the cheapest and most available sources of both
macro and micro nutrients useful for body development. The nutritionists have recommended that public should eat
more of vegetables and fruits [5]. This will prevent or treat several chronic non-communicable diseases that may
cause by oxidative imbalance. Piper guineense, popularly known as African black pepper or hot leave and is widely
consumed in some parts of Africa especially eastern Nigeria, where it is known as ‘Uziza’ and Ghana. It belongs to
the family Piperaceae or Sapotaceae [6]. It is used as spice for flavoring, seasoning and imparting aroma to food
during preparation. They can be consumed as vegetable in human meals. It has preservative and antioxidant
properties [7]. Insome parts of Nigeria, the seeds are consumed by women after child birth [8] to enhance uterine
contraction for the expulsion of placenta and other remains from the womb [9], for the treatment of rheumatic pains,
as an anti-asthmatics and also to control weight [10]. The seed and leaf extracts are capable of exhibiting a
depolarizing neuromuscular activity in a concentration related manners [11]. The antimicrobial and antifungal
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activities of the leaf and seeds of P. guineense have also been reported [11]. The leaf is also used traditionally to
cure some respiratory diseases and correction of female infertility problems [12], and widely used for various
therapeutic purposes locally, but there is scanty information on the nutritional compositions. Therefore, the
objectives of this study are to determine the proximate, functional properties and amino acids of Piper guineense
(Uziza) leaves.

Materials and Methods

Sample Collection

The sample (Piper guineense) was collected from a farm in Ado EKkiti, Ekiti state, Nigeria. The leaves were air-dried
and then processed into flour. The flour was kept in a freezer before analyses.

Determination of Proximate Composition

The moisture was determined using air-oven at temperature of 105 °C for 1 h while the ash content was analyzed
using a muffle furnace at 550 °C for 6 h [13]. The sample was analyzed for crude fat and crude protein according to
the methods described by AOAC [14]. The crude fiber was determined by adding 2g of the sample into 500mL
conical flask; 200mL of boiling 1.25% H,SO, was added and boiled for 30min. The mixture was filtered through
muslin cloth and rinsed with hot distilled water. The sample was scraped back into the flask and 200mL of boiling
1.25% NaOH was added and allowed to boil again for another 30 min; filtered and then rinsed with 10% HCI twice
with industrial methylated spirit and allowed to drain and dry. The residue was scraped into a crucible, dried in an
oven at 105 °C, allowed to cool in a desiccator and weighed; then placed in muffle furnace at 300 °C for 30 min and
finally allowed to cool at room temperature and weighed again [13]. The carbohydrate content was calculated by
difference.

Determination of Functional Properties

The water and oil absorption capacities of the sample were determined using the method of Beuchat [15]. 10mL of
water was added to 1.0g sample in a centrifuge tube. The suspension was mixed vigorously using vortex mixer. This
was then centrifuged at 15,000 rpm for 15 min and the volume of the supernatant left after centrifuging was noted.
Water bound was calculated from the difference in the initial volume of the solvent used and the final volume after
centrifuging. The same procedure was used for oil absorption capacity by replacing oil with water in above process.
Emulsion was prepared according to method of Lin et al. [16]. A 2.0 g sample flour was weighed with 100mL
distilled water and blended for 30 sec using Kenwood food mixer at a high speed. After complete dispersion,
vegetable oil of density 0.880 g/mL was added in 5mL portions from a burette with continuous blending until the
emulsion break point (i.e. a separation into two layers) was observed. Emulsion capacity and stability determinations
were carried out at 25°C and the value obtained was expressed as gram of oil emulsified by 1 gram sample.

The emulsion stability was determined as the amount of the water separated after 24 h at room temperature.

The slight modified procedure of Sathe et al. [17] was used to determine the least gelation concentration. Sample
slurries of 2, 4, 6, 8, 10, 12, 14, 16, 18, 20% were prepared in 5mL of distilled water. The test tubes containing these
slurries were heated for one hour in boiling water followed by rapid cooling (2 h at 4°C). The least gelation
concentration was determined as concentration which did not slip when the test tubes were inverted.

The method of Coffman and Garcia [18] was employed to determine foaming capacity and stability. 1g of the
sample was whipped with 50mL distilled water for 5 min in a Kenwood blender and later poured into a 100mL
graduated flask to study the foaming stability.

Determination of Amino Acid

The amino acid profile was determined using the method described by Spackman [19]. The sample was dried to
constant weight and then defatted using Soxhlet extractor. After the defatting process, the defatted sample (2g) was
weighed into a glass ampoule; 7mL of 6MHCI was added and oxygen was expelled by passing nitrogen into the
glass ampoule sealed with Bunsen burner flame and placed in an oven at 105+5°C for 22 h. The ampoule was
allowed to cool before it was broken at the tip and the content was filtered to remove the organic matters. The
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filtrate was then evaporated to dryness at 40°C under vacuum in a rotavapor. The residue was dissolved in 5mL of
acetate buffer (pH 2.0) and stored in specimen bottles which were kept in the freezer. The hydrolysate (7.5uL) was
dispensed into the cartridge of the Technicon Sequential Multi-Analyser (TSM) using a syringe. The TSM analyzer
is designed to separate and analyze neutral, acidic and basic amino acids of hydrolysate. The amount of amino acid
was obtained from the chromatogram peaks. The whole analysis lasted for 76 min and the gas flow rate was 0.50mL
per minute at 60°C with reproducibility consistence at +3%.

Results and Discussion
Tablel: Proximate Analysis of Piper guineense Leaves

Proximate Composition
%Moisture 11,51
%Protein 3.87

%Fat 5.48

%Ash 13.94
%Crude fibre 12.06
%Carbohydrate (by difference) 53.15

Table 1 shows the values (%) of the proximate composition of Piperguineense. % Carbohydrate has highest value
(53.15%) followed by %Ash (13.94%), crude fiber (12.06%), moisture (11.51%), fat (5.48%) and protein (3.87%).
These results were higher than the previous reported by Morufu et al., [20]. Crude protein was 16.67+0.00%. This
value was higher than that of bread produced from indigenous yeast isolates (3.325-5.425%) as reported by Balarabe
et al [21] but lower than that reported for G. latifolium (5.57%) by Ughegbu et al. [22]. It is to be noted that the
present value was higher than those reported by Ughegbu et al. [22] for Piper guineense and 0.23% reported by
Ogungbenle and Omodara [23] for Ectadasgigas seeds but lower than those by Ogungbenle and Ebadan [24] for
Dalium guineense pulp (24.3%) and Parinari curatellifolia reported by Ogungbenle and Atere [25]. The moisture
content of any food is an index of its water solubilisation and the measure of stability and susceptibility to microbial
activities. High amount of moisture in crops makes them vulnerable to microbial attack, hence, spoilage and
deterioration. The moisture content of Piper guineense leaves analyzed was 11.51%. This value is lower than those
of Sclerotium of Pleurotus tuber-regium with the value of 41.6% reported by Adeyeye [26] and stingless bee honey
(23.1-43.5%) reported by Fabiola et al. [27]. The low moisture content of Piper guineense is an indication of the fact
that these spices can be stored for a long period without deterioration in quality. The fat content of P. guineense
(5.48%) is lower than those for fermented Parkia biglobosa (25.1+0.11%) [28] and raw sesame flour (40.97%) [29]
but higher than that of Celosia spicata (1.15+0.01%) [1]. The ash content (13.94%) was higher than those of
Uacapa guineense (1.7% and 0.80%) and Zanthoxylluszanthoxyloides (1.30% and 1.40%) as reported by Ogunka-
Nnoka and Mepba [30]. The fibre content of P. guineese (12.06%). This value was higher than those of quinoa seeds
(9.6+0.1%) reported by Oshodi et al. [31], dry Nigeria okra (8.85%) reported by Ogungbenle and Omosola [32] and
bread produced from different indigenous yeast isolates (1.49-3.50%) reported by Balarabe et al. [21].

Table 2: Functional properties of Piper guineense leaves
Functional properties Value (%)
Water absorption capacity ~ 187.5
Oil absorption capacity 106.75

Emulsion capacity 250.5
Foaming capacity 94
Foaming stability 3.75

The functional properties of Piper guineense sample leaves are shown in Table 2. The value of water absorption
capacity (187%) was higher than those of date palm fruit (45.0%) [33], soy flour (160%) (Paul et al., 1985) and
Lima bean (142.2%) [34]. The oil absorption capacity (106.75%) was lower than that of Afzelia africana (588.49%)
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[34], African nutmeg (256%) [35] and conophor nut (108.13%) but higher than those values obtained for sesame
protein concentrates (25.70%) [36]. It is an indication that the Piper guineense leaves can act as flavour retainer and
improve the mouth feels of foods [37]. The emulsion capacity (250.5%) of Piper guineense leaf was higher than
those values obtained for Parkia biglobosa protein isolate (82.5 = 0.15%) [38], Celosia spicata (56%) [1], African
Nutmeg (45.6%) [35], Afzelia africana (35.25%) [33] and quinoa flour (45.0%) [39]. The foaming capacity and
foaming stability of Piper guineense leaves were 94% and 3.75% respectively. The values were higher than those
reported for raw (3.25%, 1.50%) and defatted (11.0%, 3.75%) African mango seeds reported by Ogungbenle [40]
and Pleurotus tuber-regium (8.25+0.35, 1.50+0.71%) [26]. The water absorption capacity (187.5%)is higher than
that of Pleurotus tuber-regium (136+1.41%) [26]. It indicates that Piper guineense leaf can be used in the
formulation of soups and processed cheese and that the protein concentrate has high potential for development of
different food products in a critical viscous foods as a good additive and flavor retainer.

Table 3: Amino acid composition of Piper guineense (g/100g)

Amino acid Composition (g/100g)
Glycine* 6.00
Alanine 6.03
Serine 4.28
Proline 6.16
Valine” 6.77
Threonine” 4.60
Isoleucine” 4.43
Leucine” 5.94
Aspartic acid 8.96
Lysine” 6.42
Methionine” 1.50
Glutamic acid 12.46
Phenylalanine” 5.18
Histidine” 6.68
Arginine” 6.96
Tyrosine 1.85
Trytophan” 1.16
Cystine 1.09
Total 96.47

(*) —Essential Amino acid

The amino acid composition of the sample is shown in Table 3. The result showed that glutamic acid (12.469/100g
crude protein) was the major abundant amino acid. The value was lower than those reported for Celosia spicata
(12.89/100g) [1], Amarathus hybridus L. (15.79g/100g crude protein) [41], velvet tamarind (14.89/100g crude
protein) [24], Pleurotus tuber-regium (13.5g/100g) [26], and Moringa oleifera leaves (8.229/100g crude protein),
but higher than those stem (1.77g/100g crude protein), root (1.93g/100g crude protein) of Moringa Oleifera [42] and
common maize (5.70 g/100g) [43]. It is worth noting that glutamic and aspartic acids were the most abundant amino
acid in agricultural products. The value of histidine (6.689/100g) was higher than those of maize (0.2 g/100g crude
protein) [44], gourd seed (0.21¢9/100g crude protein), common and quality protein maize (2.00 g/100g) reported by
Abiose and lkujeniola [43]. Histidine is an essential amino acid for growth and development of infants. The
methionine content (1.509/100g crude protein) was higher than those of Bidenspilosa leaf meal (0.549/100g crude
protein) [45] and leaves of Moringa oleifera (0.999/100g crude protein) [42] but lower than that of Afzelia
Africana (13.89/100g crude protein) [33] and dried okra seeds (10.4 g/100g) reported by Ogungbenle and
Arekemase [46]. Methionine is required for choline synthesis and also may hinder fat deposition in liver [47].

4\ Chemistry Research Journal

A
86



Ogungbenle HN et al Chemistry Research Journal, 2017, 2(6): 83-90

Methionine was the least amino acid in the sample, and this value was higher than that of Bidens pilosa leaf meal
(0.2899/100g crude protein) [45]. Comparison between the amino acid profile of Piper guineense leaves and the
amino acid reference values reported by FAO/WHO/UNU [48]. It indicates that most of the amino acids in the
sample meet the range of amino acid requirements recommended for infants, pre-school children and school going
children as well as adults [49]. Both the histidine and arginine are essential for children [48]. P. guineense leaf,
compared to other vegetables is very high and serves as a cheap and good source of both essential and non-essential
amino acids. Therefore, the present results indicate that the sample is a good source of quality protein and essential
amino acids.

Table 3 also summarizes the profiles of free amino acid (FAA) in the leave of uziza (P. guineense) in mg/g.
Glutamic acid appears to be the most concentrated amino acid in the leave sample which had 12.469/100g. The
value of glutamic acid is higher than those of Brachystegia eurycoma (4.609/100g) and Piper guineense
(6.359/1009) reported by Ajayi et al. [50]. Table 3 also shows aspartic acid is the next highest amino acid for the
sample with concentration value of 8.96g/100g. Cysteine and methionine had the lowest concentrations of amino
acids. It is known that cystine can pair with methionine in improving protein quality and has positive effects on
mineral absorption, particularly zinc.

Table 4: Classification of Amino Acid Composition

Amino Acid Value (mg/g)
Total amino acid (TAA) 964.70
% Total amino acid (% TAA) 100.00
Total non-essential amino acid (TNEAA) 468.30
% Total non-essential amino acid (%TNEAA) 48.54
Total essential amino acid (TEAA) 496.40
% Total essential amino acid (% TEAA) 51.46
Total essential amino acid with Histidine 496.40
%Total essential amino acid without Histidine 51.46
Total essential amino acid with Histidine 429.60
%Total essential amino acid without Histidine 44.53
Total neutral amino acid (TNAA) 549.90
% Total neutral amino acid (% TNAA) 57.00
Total acidic amino acid (TAAA) 214.20
% Total acidic amino acid (%TAAA) 22.20
Total basic amino acid (TBAA) 200.60
% Total basic amino acid (% TBAA) 20.79
Total sulphur amino acid (TSAA) 25.90
% Total sulphur amino acid (% TSAA) 2.74
Total Aromatic Aminoacid (TArAA) 81.9
% Total Aromatic Amino acid (% TArAA) 8.49
% Cystine in TSAA 42.08

Table 4 shows that the Total amino acid (TAA) is 964.70mg/g, Total non-essential amino acid (TNEAA) is
468.30mg/g, Total essential amino acid (TEAA) is 496.40mg/g, Total essential amino acid with Histidine is
496.40mg/g, Total essential amino acid without Histidine is 429.60mg/g, Total neutral amino acid (TNAA) is
549.90mg/g, Total acidic amino acid (TAAA) is 214.20mg/g, Total basic amino acid (TBAA) is 200.60mg/g, Total
sulphur amino acid (TSAA) is 25.90mg/g, Total Aromatic Amino acid (TArAA) is 81.9 mg/g and % of Cystine in
TSAA is 42.08.

The total amino acid, TAA (904.7mg/100g)is far higher than that of Dalium guineese (102 mg/g) reported by
Ogungbenle and Ebadan [24] and also total essential amino acid, TEAA (496.40 mg/g) is higher than those of
Pleurotus tuber-regium (416 mg/g) [26].
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Conclusion

Piper guineense is a potential source of various nutrients and useful in allied industries for the formulations of
human food. Large cultivation of this plant would greatly enhance economic development both locally and globally
because of its nutritional and medicinal applicability.

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

=

Ogungbenle, H.N. and Otemuyiwa F.F. (2015).Food properties and amino acid composition of Celosia
spicata leaves. Advances in Analytical Chemistry. 5(1): 1-7.

Gruda, N. (2005). Impact of environmental factors on product quality of greenhouse vegetables for fresh
consumption. Critical Reviews in Plant Sciences. 24, 227-247.

Schmidt DR. (1974). Comparative yield and composition of eight tropical leafy vegetables grow at two soil
fertility levels. Agro Journal. 63:559.

Edema, A.O. (1987). Production of some common vegetables, Hort Res. Inst. Ibadan Nigeria, Pp.1-5.
Zheng J., Yue Z., Sha L., Dei Z., Jong Z., Pong-Ping X., and Hua-Bin L. (2017),. Effects and mechanisms
of fruit and vegetable juices on cardiovascular diseases. Int. J. Mol. Sc. 18, 555; 1-15.

Ikpeme, E. V., Nta A. I, Ekaluo U. B., Udensi O. (2012). Phytochemical Screening and
Haematological Evaluation of Parkia biglobossa and Gongronema latifolium. J. Basic. Appl. Sci. Res.,
2(3), 2599-2606.

Katzer and Gernot (2015), Gernot Katzer Spices. J. Pure and Appl. Sci. 7; 455-459.

Mba, M.A. (1994). Effect of dietary intake of P. guineenses on growth and indices of fitness in
Rattusrattus, Isc. J. Innova. 4:383-388.

Mbongue, F.G.Y., Kamtchouing, P., Essame, O.J.L., Yewah, P.M., Dimo, T. and Lontsi, D. (2005). Effect
of the aqueous extract of dry fruits of Piper guineense on the reproductive function of adult male rats.
Indian Journal of Pharmacology. 7: 30-32.

Mensah, J.K., Okoli, R.l., Ohaju-Obodo, J.O. and Eifediyi, K. (2008). Phytochemical, nutritional and
medical properties of some leafy vegetables consumed by Edo people of Nigeria. African Journal of
Biotechnology. 7(14): 2304-23009.

Morebise O, Fafunso MA, Makinde JM, Olayide OA, Awe E (2002). Anti-inflammatory Property of
Gongronema latifolium. Phytother. Res. 16 (Suppl): 575-577.

Maton, A., Jean, H., McLaughlin, C.W., Warner, M.Q., Lattart, D., and Wright, J.D. (1993) Human
Biology and Health. Englewood Cliffs, New Jersey, Prentice Hall.

Pearson D. Chemical Analysis of Foods, 7" ed. Churchill Livingstone, London: 1976.

AOAC. Official methods of analysis, 18" ed. Association of Official Analytical Chemists, Washington DC.
2005.

Beuchat, L.R. 1977. Functional Electrophoretic Characteristics of Susccurylated Peanut Flour, Journal of
Agric and Food Chemistry, 25,258-261.

Lin, M.J.Y., Humbert, E.S., Susulski, F.W. 1974. Certain functional properties of sunflower meal products.
J. Food Sci. 39, 368-370.

Sathe, S.K., Deshpande S.S., Salunkhe, D.K.1982. Functional properties of Lupin seed protein. J. Food Sci.
47.491-497.

Coffman, C., Garcia, V.V. 1977. Functional properties of protein isolate from mung bean flour. J. Food
Tech., 12. 437-484.

Spackman D.H., Stein E.H., More S. (1958). Automatic recording apparatus for use in the chromatography
of amino acids. Anal. Chem. 30: 1190-1205.

Morufu, E. B., Besong, E. E., Serges, F. A., Djobissie, A., Ogochukwu, S. M. and Obimma. N. J. (2016). A
Review of Piper guineenses (African Black Pepper). International Journal of Pharmacy and
Pharmaceutical Research. 6(1): 368-384.

4\ Chemistry Research Journal

A

88



Ogungbenle HN et al Chemistry Research Journal, 2017, 2(6): 83-90

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

.
P

)

Balarabe M. M., Mohammed S. S. D. and Orukotan A. A. (2017). Physicochemical analysis and sensory
evaluation of bread produced using different indigenous yeast isolates. Science World Journal. 12(1): 33-
37.

Ughegbu, F.O., Chinedu, I., and Amadike, E.U. (2011).Effect of Aqueous extract of Piper guineense seeds
on some Liver enzymes, antioxidant enzymes and some Hematological Parameters in Albino rats. Intern J.
plant Sci. Ecology. 1 (4): 167 — 171.

Ogungbenle H.N., and Omodara O.P. (2014). Physicochemical and fatty acid composition of Nicker bean
(Entadagigas) seed oil. Advances in Analytical Chemistry. 4(2): 35-39.

Ogungbenle H.N., and Ebadan P. 2014. Nutritional Qualities and Amino Acid Profile of Velvet tamarind
(Dalium guineense) Pulp. Bri. Biomed. Bull. 2 (1) 006-016.

Ogungbenle H.N., Atere A.A. (2014). The chemical, fatty acid and sensory evaluation of Parinari
curatellifolia seeds. British Biotechnology Journal. 4(3): 379-386.

Adeyeye E. I. (2017). Proximate, minerals, phytochemicals, amino acids, lipids composition and some food
properties of the Sclerotium of Pleurotus Tuber-regium.J. Bio. Innov. 6(3): 399-430.

Fabiola dos Santos G., A. R., Elisa H. da Rocha F. (2016). Plant extract and essential oils added as
antimicrobials to cheeses: a review. Ciéncia Rural, Santa Maria, 47: 08.

Ogunyinka, B.l., Oyinloye, B. 1., Osunsanmi, F.O.., Kappo, A.P. and Opoku, A.R. (2016). Comparative
study on proximate, functional, mineral and antinutrient composition of fermented, defatted and protein
isolate of Parkia biglobosa seeds. Food Science and Nutrition, 5 (1) 139-147.

Ogungbenle H. N., Onage F. (2014). Nutrient composition and functional properties of raw, defatted and
protein concentrate of Sesame (Sesamum indicum) flour. European Journal of Biotechnology and
Bioscience. 2(4): 37-43.

Ogunka-Nnoka, C. U., Mepba, H. D. (2008).Proximate composition and antinutrient contents of some
common spices in Nigeria. The Open Food Science Journal, 2, 62-67.

Oshodi, A.A., Ogungbenle H. N., Oladimeji M.O. (1999). Chemical composition, nutritionally valuable
minerals and functional properties of benni seed (Sesamum radiatum), pearl millet (Pennisetum typhoides)
and quinoa (Chenopodium quinoa) flours. International Journal of Food Sciences and Nutrition. 50: 325-
331

Ogungbenle H.N. and Omosola S.M. (2015). The comparative assessment of nutritional values dry okra
seeds. Int. J. of Food Sci. and Nutri. Engineer. 5(1).8-14.

Ogungbenle H.N., Omaejalile M. (2010). Functional and anti-nutritional properties, in—vitro protein
digestibility and amino acid composition of dehulled. Afzelia Africana seeds. Pak. J. Sci. Ind. Res. 53(5):
265-270.

Oshodi, A.A., Adeladun M.O.A. (1993). Proximate composition, some valuable minerals and functional
properties of three varieties of Lima bean flour. Int. J. Food Sci. Nutri. 43, 181-185.

Ogungbenle, H.N., Adu, T. 2012. Proximate composition and functional properties of dehulled African
nutmeg, Pak. J. Sci. Industrial Res. 55, 80 — 85.

Ige M. M., Ogunsua A. O., Oke O.L. (1984). Functional properties of the proteins of some Nigerian oil
seeds: Conophor seeds and three varieties of melon seeds. J. Nutr. 101, 822-825.

Kinsella, J. 1979. Functional properties of protein food. Critical Review Science Nutrition, 7, 219-280.
Bolajoko, 1.0., Babatunji, E. O., Foluso, O. O., Andrew, R. O and Abedemi, P. K. (2016). Modulatory
Influence of Parkia biglobosa Protein Isolate on Testosterone and biomarkers of oxidative stress in the
brain and testes of streptozotocin-induced diabetic male rats. International Journal of
Physiology, Pathophysiology and Pharmacology. 8(3): 78-86.

Ogungbenle H.N. (2003). Nutritional evaluation and functional properties of Quinoa (Chenopodium
quinoa) flour. International Journal of Food Sciences and Nutrition. 54: 153-158.

Ogungbenle H.N. (2014). Chemical and Amino Acid Composition of Raw and Defatted African Mango
(Irvingia gabonensis) kernel. British Biotechnology Journal. 4(3): 244-253.

Chemistry Research Journal

89



Ogungbenle HN et al Chemistry Research Journal, 2017, 2(6): 83-90

41. Akubugwo I. E., Obasi A. N., Ginika S.C. (2007). Nutritional potential of the leaves and seeds of black
nightshade- Solanumnigrum L. Varvirginicum from Afikpo- Nigeria.Par. J. Nutr. 6: 323 — 326.

42. Olaofe O., Adeyeye E.I., Ojugbo, S. (2013). Comparative study of proximate amino acid and fatty acids of
Moringaoleifera tree. Elixir Applied Chemistry 54: 12543-12554.

43. Abiose, S.H., Ikujenlola, A.V. (2014). Comparison of chemical composition, functional properties and
amino acids composition of Quality protein maize and common maize (Zea may L). African Journal of
Food Science and Technology 5 (3), 81-89.

44. Egounlety, M., O.C. Aworh, J.O. Akingbala, J.H. Houben, M.C. Nago. 2002. Nutritional and sensory
evaluation of tempe-fortified maize-based weaning foods. Int. J. Fd.Sci. Nutr. 53, 15-27.

45, Philip, C.N.A,, Elijah, 1.0., Soladoye, M. O. (2014). Evaluation of the proximate, mineral, phytochemical
and amino acid composition of Bidens pilosa as potential feed/feed additive for non-ruminant livestock.
Animal and Veterinary Sciences, 2 (2), 18-21

46. Ogungbenle H.N. and Arekemase E.F. (2014). Nutritional evaluation of Nigerian dried okra (Abelmoschus
esculentus) seeds. Pak. J. Ind. Res. B: boil. Sci. 57(3): 129-135.

47. Adeyeye E.l. and Agesin M.O. (2012). Effects of roasting and cooking on the lipid composition of raw
groundnut (Arachis hypogeal) seeds: dietary implications. Elixir Food Science. 42: 6257-6266.

48. FAO/WHO/UNU. Energy and protein requirements, WHO Technical Report Series No. 724, Geneva,
1985.

49. FAO (1970). Amino acid content of foods and biological data on proteins.FAO nutritional students; Food
and Agricultural Organisation of United Nations, Rome. 285.

50. Ajayi I. 2014.0il content and fatty acid composition of Dioclea reflexa seeds. J. IOSR Appl. Chem., 7(7),

68-73.
/@E Chemistry R hJ |
i‘F\“T emis ry esearc ournal
D

90



