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Abstract  The proximate, functional properties, anti nutrients and amino acid composition of Celosia spicata leaves were 
investigated. The sample contained moisture content (8.16±0.01%), total ash (15.3±0.63%), crude protein (10.2±0.01%), 
crude fat (1.15±0.01%), crude fibre (12.3±0.02%) and carbohydrate (47.6±0.63%). The sample contained oil absorption 
capacity (303%), water absorption capacity (440%), emulsion capacity (56%), emulsion stability (29%) and foaming 
capacity (12.5%) while the least gelation concentration was 8%W/V. The water and oil absorption capacities were relatively 
good, and the in-vitro protein digestibility (IVPD) was 82.2%. Glutamic acid (12.8g/100g crude protein) and aspartic acid 
(8.96g/100g crude protein) were the most abundant amino acid while cysteine (0.40g/100g crude protein) was the least. The 
total essential amino acid of the sample was calculated to be 94.97g/100g crude protein which showed that the sample 
contained moderate quantity of essential amino acids. The sample contained tannin (97.42mg/100g), saponin (4.93mg/100g), 
alkaloid (0.36mg/100g), phytate (21.08mg/100g) and oxalate (16.53mg/100g) respectively. This study would provide 
information on the nutritional potentials of Celocia spicata leaves. 
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1. Introduction
Vegetable is an edible plant in which its parts are intended 

for cooking or eating raw [1]. Some vegetables can be 
consumed raw, while some must be squeezed severally with 
water and cooked to destroy certain natural toxins so as to 
make them edible. A wide variety of leafy vegetables are 
consumed in Nigeria and their consumption depends on a 
number of factors such as texture, nutrient and price. 
Vegetables play a significant role in balanced human diets, 
and the recommended daily requirements of minerals and 
vitamins are met through their consumption. The cultivation 
and consumption of green leafy vegetables cut across 
different races because of their nutritional and health benefits 
[2]. Vegetables contain generally low fat and protein [3, 4], 
varying degrees of vitamins, minerals, phytochemicals, anti 
oxidants, anti carcinogenic agents and fibre for 
gastrointestinal functions [5, 6]. Celosia specie is a vegetable 
grown widely in tropical Africa and also a leading vegetable 
in South-west Nigeria, where it is known as “sokoyokoto” 
meaning ‘make husbands fat and happy’. Celosia specie is an 
ornamental and fascinated plant probably originated from 
India [7]. The seedling of Celosia specie emerges 5-7days 
after sowing and flowering may occur in 6-7weeks after 

* Corresponding author: 
httphenryo@yahoo.com (Ogungbenle H. N.) 
Published online at http://journal.sapub.org/aac 
Copyright © 2015 Scientific & Academic Publishing. All Rights Reserved 

sowing. The improved cultivars have more rapid early 
vegetative development but flowering occurs in 12-14 weeks 
after sowing. The early flowering local cultivars or wild 
types can be harvested only once by uprooting, but are less 
attractive to farmers as well as consumers, whereas the 
improved cultivars can be harvested by uprooting and 
repeated cutting of the tender vegetative parts. Celosia 
specie is susceptible to leaf fungi, which can be severe when 
air humidity is high during rainy season, thereby leading to 
production of poor quality leaves.  

The seeds and the leaves are used for medicinal purposes 
[8] while the soft leaves as food [9] and as livestock feed. 

Some previous works had been done on the other species 
of Celosia such as Celosia argentea, but there is scanty 
nutritional information on the present sample specie. 
Therefore, the objective of the research work is to determine 
the proximate, functional properties, anti-nutritional factors 
and amino acid of Celosia spicata leaves. 

2. Materials and Methods
2.1. Sample Collection 

The fresh green leaves of Celosia spicata were obtained 
from a Market in Ibadan, Oyo State, South west Nigeria in 
Africa, during the month of February, 2014. The vegetable 
leaves were obtained from waterlogged area because of its 
scarcity during the peak of dry season. 
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2.2. Preparation of Sample  

The leaves were detached from the stalks, properly 
washed in clean water, then chopped into smaller sizes and 
sun-dried for 7days. The sun-dried leaves were later blended 
using Marlex blender into flour, then packaged in air-tight 
polyethylene bag and kept in freezer (-4℃) prior laboratory 
analyses. 

2.3. Determination of Proximate Composition  

The moisture was determined using air-oven at 
temperature of 105℃ for 1 hr while the ash content was 
analyzed using a muffle furnace at 550℃ for 6 hrs [10]. The 
sample was analyzed for crude fat and crude protein 
according to the methods described by AOAC [11]. The 
crude fibre was determined by adding 2g of the sample into 
500mL conical flask; 200mL of boiling 1.25% H2SO4 was 
added and boiled for 30minutes. The mixture was filtered 
through muslin cloth and rinsed with hot distilled water. The 
sample was scrapped back into the flask and 200mL of 
boiling 1.25% NaOH was added and allowed to boil again 
for another 30 minutes; filtered and then rinsed with 10% 
HCl twice with industrial methylated spirit and allowed to 
drain and dry. The residue was scrapped into a crucible, dried 
in the oven at 105℃, allowed to cool in a desicator and 
weighed; then placed in muffle furnace at 300℃ for 30 
minutes and finally allowed to cool at room temperature and 
weighed again [11]. The carbohydrate content was 
calculated by difference. 

2.4. Determination of Functional Properties 

The water and oil absorption capacities of the sample were 
determined using the method of Beuchat [12]. 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 minutes 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 described [13, 
14]. A 2.0g 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 0.880g per 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 25oC 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 hours at room temperature.  

The slight modified procedure of [15] was used to 
determine 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 2hours at 4ºC. The least gelation concentration was 
determined as concentration which did not slip when the test 
tubes were inverted.  

The method of Coffman and Garcia [16] was employed to 
determine foaming capacity and stability. 1g of the sample 
was whipped with 50mL distilled water for 5 minutes in a 
Kenwood blender and later poured into a 100mL graduated 
flask to study the foaming stability. 

2.5. Determination of Anti Nutrients 

Oxalate: A 1g of the sample was taken into 100mL conical 
flask, 75mL of 1.5M H2SO4 was added and the mixture was 
stirred for 1 hour and then filtered. 25mL of sample filtrate 
was titrated against 0.1MKMnO4 solution until faint colour 
persisted for 30 seconds [17]. 

Tannin: A 0.2g of the sample was added to 10mL 70% 
aqueous acetone and covered well. The mixture was put in an 
ice bath and shaken for 2hours at 30℃ and later centrifuged 
at 3,600rpm; 0.2mL of the mixture was pipetted into test 
tubes and 0.8mL of distilled water was added. Standard 
tannic acid solutions were prepared from a 0.5mg/mL stock 
and the solution made up to 1mL with distilled water. 0.5mL 
Folin Wu reagent was added to both sample and standard 
solution and then followed by the addition of 2.5mL 20% 
Na2CO3. The solutions were then vigorously mixed and 
allowed to incubate for 40minutes at room temperature after 
which absorbance was measured at 725nm [18]. 

Alkaloid: The alkaloid extraction was carried out by 
following the modified method of Ngounou et al [19]. One 
gram of the sample flour was macerated (soaked) in 10mL 
n-hexane for about 72hours. The extract was filtered and the 
residue was air-dried, later treated with 10% aqueous 
ammonia (NH3) and soaked in trichloromethane (CHCl3) for 
24hours. After the filtration and evaporation at reduced 
pressure, the residue was treated with 5% 7.5mL aqueous 
hydrochloric acid. The aqueous phase was made alkaline 
with aqueous NH3 and extracted three times with CHCl3. The 
extracted CHCl3 fraction was washed with water and the 
extract was transferred into a round bottom flask of 
Rotavapor (BÜCHI, Rotavapor R110) and separated. The 
concentrated extract was free of water with the use of 
anhydrous sodium sulphate before injected into the gas 
chromatography. 

Phytate was determined on Spectronic 20 colorimeter 
(Gallenkamp, UK). The amount of phytate in the sample was 
determined as hexaphosphate equivalent using the method of 
Harland and Oberleas [20].  

Saponin: The extraction was carried out by following the 
modified method of AOAC [21]. The sample was pulverized 
and the saponin was extracted three times with redistilled 
methanol. The saponin was removed with 20mL of the 
solvent for 20minutes, and the combined extracts were 
concentrated to syrup under reduced pressure; then 
suspended in water. The mixture was filtered and 
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concentrated to 1mL and 1.0μL of the extract was injected 
into the port of the gas chromatogram. 

2.6. Determination of In-Vitro Protein Digestibility 
(IVPD)  

The IVPD of the sample was determined by following the 
modified procedure of Hsu et al. [22]. The enzymes used 
were trypsin, chymotrypsin and peptidase. The activity of the 
enzymes was initially determined by using them to digest 
casein. Protein isolated from the sample was ground into fine 
powder and sieved. The sample was dissolved in 50mL 
distilled water to give sample suspension of 6.25mg 
protein/mL. Each sample suspension was adjusted to pH 8.0 
and incubated in water bath at 37OC with constant stirring. 
Fresh multi enzyme solution was prepared to contain 1.6mg 
trypsin, 3.1mg chymotrypsin, 1.4mg peptidase and dissolved 
in 1mL distilled water. The pH of enzyme solution was 
maintained at 8.0. The multi enzyme solution (5mL) was 
added to the sample suspension with constant stirring at 37℃. 
The pH of the sample suspension was recorded at 10 and 15 
minutes respectively after the addition of the enzyme 
solution. 

2.7. Determination of Amino Acid 

The amino acid profile was determined using the method 
described by Spackman et. al. [23]. The sample was dried to 
constant weight and defatted using Soxhlet extractor. After 
the defatting process, the defatted sample (2g) was weighed 
into a glass ampoule; 7mL of 6MHCl was added and oxygen 
was expelled by passing nitrogen into the glass ampoule 
sealed with bunsen burner flame and placed in an oven 
present at 105±5ºC for 22 hours. The ampoule was allowed 
to cool before broken at the tip and the content was filtered to 
remove the organic matters. The filterate was then 
evaporated to dryness at 40ºC 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 (7.5µL) was dispensed into the cartridge of 
the Technicon Sequential Multi-Analyser (TSM) using a 
syringe. The TSM analyser is designed to separate and 
analyse 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 
minutes and the gas flow rate was 0.50mL per minute at 60ºC 
with reproducibility consistent within ±3%.  

3. Results and Discussion 
3.1. Proximate Composition 

Table 1 contains the result of proximate analysis of 
Celosia spicata leaves. The ash content of any food 
substance gives an idea of the mineral present in the food. 
The total ash content was lower than that for Amarathus 
hybridus L. (16.10%) [24], but higher than those Entada 
gigas (0.50%) [25], Talinum triangulare (15.10%) [24] and 

Alchornea cordifolia (11.38%) [26]. The total ash content 
was fairly high. The intake of the vegetable could be 
expected to contribute a large proportion of the mineral 
requirements in the body. 

Table 1.  Proximate Composition of Celosia spicata leaves  

Component % 

Moisture 8.61±0.01 

Total ash 15.3±0.63 

Crude protein 10.2±0.01 

Crude fat 1.15±0.01 

Crude fibre 12.3±0.02 

Carbohydrate 47.6±0.63 

In-Vitro Protein Digestibility (IVPD) 82.2 

The moisture content is very important because it 
determines quality and the shelf life of a food sample. The 
moisture content of the sample was lower than those reported 
for Amaranthus viridis (10.4%), Basella alba (9.32%) [27], 
but considerably higher than the value reported for velvet 
tamarind (8.22%) [28]. The high moisture content and crude 
fiber of vegetables enable them to aid digestion of food in the 
body. The crude protein content was higher than leaves 
(3.0%), stem (1.05%) and root (1.62%) of Moringa oleifera 
[29], but lower than those of Heinsia crinite (11.38%), Piper 
guineensis (11.82) [24] and Telfaria occidentalis (61.7%) 
[30] and Lesianthera africana (13-14.9%) [31]. The crude 
protein in the leafy vegetable would require dietary 
supplementation with proteins from cereals and legumes [32]. 
The crude fat of Celosia spicata was lower than those of 
Alchornea cordifolia (4.34%) [26], African yam bean 
(2.50%) [33], A. hybridus (4.65%) [34], and Hibiscus 
esculentus (8.00%) [35]. The crude fibre was higher than 
those of Dioclea reflexa (9.23%) [36], Amaranthus hybridus 
(8.61%) [34] and Arachis hypogeal L. (3.70%) [37]. Leafy 
vegetables are particularly rich in dietary fibre. The fibre and 
the low carbohydrate contents in vegetables are essential in 
the management of diabetes mellitus [38]. The high levels of 
dietary fibre in leafy vegetables are advantageous for their 
active role in the regulation of intestinal transit, increasing 
dietary bulk and increasing faeces consistency due to their 
ability to absorb water [39]. The high value of crude fibre 
reported for the sample can help to improve its digestibility, 
absorption processes in the large intestine [40], reduce serum 
cholesterol level and risk of CHD hypertension, constipation, 
diabetes, colon cancer [34, 41, 42]. The value of crude fat 
obtained does not qualify the Celosia spicata as oil- rich food. 
Due to the low levels of crude fat and fibre in vegetables, 
their consumption in large amounts would be beneficial to 
individuals suffering from overweight or obesity [43]. The 
sample contained moderate carbohydrate content which 
makes it good source of energy. 

The in-vitro protein digestibility (IVPD) value was 82.2%. 
The IVPD is an extent to which the sample is digested in the 
body system. This value was higher than those of velvet 
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tamarind (66%) [28], and African nutmeg (78.44%) [44] but 
lower than that of heat-treated pigeon pea flour (84%) [45]. It 
implies that heat treatment improves digestibility [28, 46].  

4. Functional Properties 
The functional properties of sample leaves are shown in 

Table 2. The water absorption capacity (440%) was lower 
than those of date palm fruit (45.0%) [47], soy flour (160%) 
[48] and lima bean (142.2%) [49]. It indicates that the 
Celosia spicata leaves can be used in the formulation of 
soups and processed cheese. The oil absorption capacity 
(303%) was lower than that of Afzelia africana (588.49%) 
[50], but higher than those values obtained for African nut 
meg (256%) [44], sesame protein concentrate (25.70%) [51] 
and conophor nut (108.13%) [52]. It is an indication that the 
Celocia spicata leaves can act as flavour retainer and 
improve the mouth feels of foods [53].  

Table 2.  Functional Properties of Celosia spicata leaves 

Functional properties % 

Water Absorption capacity 440 

Oil Absorption capacity 303 

Emulsion capacity 56.0 

Emulsion stability 29.0 

Foaming capacity 12.5 

Least gelation concentration (W/V) 8.00 

The emulsion capacity and stability of Celosia spicata 
leaves were higher than the values obtained for African nut 
meg (45.6%, 42.0%) [44], Afzelia africana emulsion 
capacity (35.25%) [50] and quinoa flour emulsion capacity 
(45.0%) [40]. The foaming capacity of Celosia spicata 
leaves was 12.5% which was in close agreement with the 
value of P.glabra (12.0±.5%) [47], but higher than those 
reported for raw (3.25%, 1.50%) and defatted (11.0% and 
3.75%) African mango seeds [54]. The least gelation 
concentration of Celosia spicata leaves was 8%W/V. The 
present value was higher than that of African nutmeg (4.00% 
W/V) [44] and kidney bean (6.0%W/V) [55], but lower than 
those of pigeon pea (12%W/V) [56] and raw (18.0W/V%) 
and defatted (16.0%W/V) cashew kernel [57], this implies 
that Celosia spicata leaves may be useful in the production 
of curds or as an additive to other materials for gelling in 
food products [15, 44].  

4.1. Anti Nutritional Factors  

The anti-nutritional components of Celosia spicata leaves 
are shown in Table 3. The presence of anti-nutritional factors 
in the sample is of significant importance since they have 
some dangerous effects on both human and animal. Oxalate 
has negative influence on mineral availability. The value of 
oxalate (16.53mg/100g) was higher than those values 
obtained for raw Vigna unguiculata seeds (0.40 mg/100g) 
[58] and cooked walnut flour (1.13mg/100g) [59]. The level 

of oxalate in the sample may not pose any health risk on the 
consumers. The phytate content (21.08mg/100g) of the 
sample was lower than those reported on Dannielleo oliveri 
kernel seed (51.05mg/100g) [60], Amarathus hybridus L. 
(122.5mg/100g) [61] and Ipomea batatas [62]. The problem 
of phytate in foods is that it can bind essential mineral 
nutrients in human digestive tract, resulting to mineral 
deficiencies [63]. The phytate composition of the sample 
may not pose any health but if a diet containing phytate of 10 
- 60mg/100g is consumed over a long period of time may 
decrease bioavailability of minerals in monogastric animals 
[64]. The result also revealed the presence of appreciable 
amount of saponin (4.93mg/100g) and alkaloid (0.36mg / 
100g). The value of saponin in Celosia spicata leaves was 
higher than that of Amarathus hybridus L. (8.5mg/100g) 
[61]. 

Table 3.  Anti-nutritional Factors of Celosia spicata leaves  

ANTI-NUTRIENTS mg/100g 

Tannin 97.42 

Saponin 4.93 

Alkaloids 0.36 

Phytate 21.08 

Oxalate 16.53 

The tannin value (97.42mg/100g) obtained for the sample 
was higher that value obtained for Amarathus hybridus L. 
(85.6 mg/100g) [61], but lower than that of faba bean 
(930mg/100g) [65]. The amount of tannin in Celosia spicata 
leaves may not be that harmful to consumers. High amount 
of tannin is known to form complex with protein and also 
reduce protein solubility thus, making it less susceptible to 
proteolytic attack [66]. However, tannin also plays protective 
roles against free radical mediated pathologies, such as 
cancer and atherosclerosis in man [67]. 

4.2. Amino acid Composition  

The amino acid composition of the sample is shown in 
Table 4. The result showed that glutamic acid (12.77g/100g 
crude protein) was the major abundant amino acid. The value 
was lower than those reported for Amarathus hybridus L. 
(15.79g/100g crude protein) [34], velvet tamarind 
(14.8g/100g crude protein) [28] and Moringa Oleifera leaves 
(8.22g/100g crude protein), but higher than stem 
(1.77g/100g crude protein), root (1.93g/100g crude protein) 
of Moringa Oleifera [29]. It is worth noting that glutamic 
and aspartic acids were the most abundant amino acid in 
agricultural products. Similar observations were also made 
for some legumes [34, 68, 69]. Cystine was the least amino 
acid in the sample, and this value was higher than those of 
Bidens pilosa leaf meal (0.289g/100g crude protein) [70] and 
Amarathus hybridus L. (0.46g/100g crude protein) [61]. The 
value of histidine was higher than those of maize (0.2 g/100g 
crude protein) [71] and gourd seed (0.21g/100g crude protein) 
[72]. Histidine is an essential amino acid for growth and 
development of infants. The methionine content (1.50g/100g 
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crude protein) was higher than those of Bidens pilosa leaf 
meal (0.54g/100g crude protein) [70], and leaves of Moringa 
oleifera (0.99g/100g crude protein) [29], but lower than that 
of A. Africana (13.8g/100g crude protein) [50]. Methionine 
is required for choline synthesis and also may hinder fat 
deposition in liver [73]. Comparison between the amino acid 
profile of Celosia spicata leaves and the amino acid 
reference values reported by FAO/WHO/UNU [74] 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 [75]. Both the histidine and arginine are essential for 
children [74]. Therefore, the present results indicate that the 
sample is a good source of quality protein and essential 
amino acids.   

Table 4.  Amino acid Composition (g/100g crude protein) of Celosia 
spicata leaves 

Amino acid  

Glycine 6.03 

Alanine 6.37 

Serine 4.29 

Proline 6.16 

Valine* 6.77 

Threonine 4.60 

Isoleucine* 4.43 

Leucine* 5.53 

Aspartic 8.96 

Lysine* 6.42 

Methionine 1.50 

Glutamic 12.8 

Phenylalanine* 5.18 

Histidine* 6.68 

Arginine* 6.69 

Tyrosine 1.51 

Cystine 0.40 

* Essential amino acid 

5. Conclusions 
The study showed that the sample is a valuable source of 

nutrients and essential amino acid; it is comparable to many 
protein rich crops, hence, it could be an alternative protein 
source for human consumption especially where protein 
sources from animal production are expensive. Celosia 
spicata has a high fibre content, very low crude fat, fairly 
high total ash which could indicate large proportion of 
minerals. The presence of alkaloid, tannin and saponin make 
the plant useful for therapeutic purposes. Other anti-nutrients 
such as oxalate and phytate are not too high to pose any 
health risk on the consumers.  

 

REFERENCES 
[1] Vainio, Harri, Bianchini, Franca, 2003. Fruits and vegetables. 

IARC.P.2.  

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

[3] Woodruff, Sandra L. Secrets of Fat Free Cooking: Over 150 
Fat-Free and Low-Fat Recipes from Breakfast to 
Dinner-Appetizer to Deserts. Garden city park. N.Y: Avery 
publishing Group. 1995. 

[4] Whitaker, Julian M. 2001. Reversing Diabetes New York: 
Warner Books.  

[5] Gruda, N. 2005. ''Impact of Environmental factors on product 
quality of Green vegetables for fresh consumption''. Critical 
Reviews in plant sciences 24(3):227-247. doi: 10.1080/ 
07352680591008628. 

[6] Steinmetz KA, Potter JD. 1996. ''Vegetables, fruit and cancer 
prevention: a review''. J.Am Diet Assoc 96(10): 1027-39. 
doi:10. 1016/S0002-8223(96)00273-8. 

[7] Grubben, G.J.H. The cultivation of Amaranthus as a Tropical 
Leaf Vegetable of Amaranthus with Special Reference to 
Southern Dahomey. Res. Royal Tropical Institute, 
Netherlands. No 67. 1976. 

[8] Block, G., Patterson, B., Subar, A. 1992. Fruits, vegetables 
and cancer prevention. A review of epidemiological evidence. 
Nutr. Cancer 18: 1-29. Families A-D Royal Botanical gardens, 
Richmond, United kingdom.6:960. 

[9] Townsend, C.C., Amaranthaceae. In: P7olhill, R.M. (Editor). 
Flora of Tropical East Africa. A.A. Balkema, Rotterdam, 
Netherlands. Pp. 136, 1985. 

[10] Pearson D. Chemical Analysis of Foods, 7th ed. Churchill 
Livingstone, London: 1976. 

[11] AOAC. Official methods of analysis, 18th ed. Association of 
Official Analytical Chemists, Washington DC. 2005. 

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

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

[14] Salunkhe, D. K., Kadam S. S. Handbook of World Food 
Legumes Nutritional Processing Technology and utilization, 
Bola Roton, G. L. C. R. S. Press, 1989. 

[15] Sathe, S.K., Deshpande S.S., Salunkhe, D.K. 1982. Functinal 
properties of lupin seed protein. J. Food Sci. 47.491-497. 

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

[17] Day (Jnr.), RA, Underwood A.L. Quantitative analysis 5th ed., 
Pretice Hall Publication, London, 1986. 

 



6 Ogungbenle H. N. et al.:  Food Properties and Amino Acid Composition of Celosia spicata Leaves  
 

[18] Makkar, A. O. S., Goodchild, A. V. Qualification of Tannins. 
A Laboratory Manual, pp. 25, International Centre for 
Agriculture Research in the Dry Areas (ICARDA), Aleppo, 
Syria, 1996.   

[19] Ngounou, F.N., R.N. Manfouo., L.A. Tapondjou, D. Lontsi 
and V. Kuete, 2005. Antimicrobial diterpenoid alkaloids from 
Erythrophleum suaveolis (Guilli and Peri) Brenan. Bull. 
Chem.Soc. Ethi., 19:221-226. 

[20] Harland B.F., Oberleas D. 1981. Phytate content of foods: 
Effect on dietary zinc bioavailability. Journal of the American 
dietary Association. 79, 433-436. 

[21] Modified Method of AOAC. Official method 994.10, 
cholesterol in foods, and Approved Method 2007.03 
campesterol, stigmasterol and beta-sitosterol in saw pametto 
raw materials and dietary supplements. In: official method of 
Analysis of AOAC International, 18th edition [W. Horwitz 
and G. Latimer (eds), AOAC International, Gaitherersburg, 
MD, 2010. 

[22] Hsu, H. W., Vavak, D. L., Satterlee, L. D. and Miller G. A. 
1977 A Multienzyme Technique for Estimating protein 
digestibly. J. Food Sci. 42, 1269 – 1273. 

[23] Spackman D. H; Stein E.H., Moore, S. 1958. Automatic 
Recording Apparatus for use in the chromatography of amino 
acids. Analytical Chemistry, 30: 1191. 

[24] Imaobong U., P. Ekanem 2013. Assessment of proximate 
composition of twelve edible vegetables in Nigeria. Int. J. 
Modern Chem., 4(2) 79-89. 

[25] Ogungbenle, H.N., Omodara, O.P. 2014. Physico chemical 
and fatty acid composition of nicker bean (Entada gigas) seed 
oil. Advances in Analytical Chemistry, 4(2):35-39 DOI: 
10,5923/j.20140402.03. 

[26] Philip, C.N.A., Owen O.J. 2014. Evaluation of the chemical 
and phytochemical constituents of Alchornea cordifolia leaf 
meal as potential feed for monogastric livestock, IJPDA, 2(3) 
360-368. 

[27] Adesina A.J. 2014. Proximate, Minerals and Anti-nutritional 
compositions of Three vegetables Commonly Consumed in 
Ekiti State, Nigeria. Int. J. Pharm. and Chem. Sci. 2(3) 
2277-5005. 

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

[29] Olaofe O., Adeyeye E.I., Ojugbo S. 2013. Comparative study 
of proximate amino acid and fatty acids of Moringa oleifera 
tree. Elixir Applied Chemistry 54: 12543-12554. 

[30] Asaolu, S.S., Adefemi, O.S., Oyakilome, I.G., Ajibulu, K.E, 
Asaolu, M. F. 2012. Proximate, and mineral composition of 
Nigeria leafy vegetables. J. Food Res. 1, 214-218.   

[31] Isong E.U., Idiong, U.I. 1997. Comparative studies on the 
nutritional and toxic composition of three varieties of 
Leianthera africana. Plants Food Hum. Nutri. 51, 79-84 

[32] Ejoh AR, Djuikwo VN, Gouado I., Mbofung C.M. 2007. 
Nutritional components of some non-convectional leafy 
vegetables consumed in Cameroon. Pak J Nutr, 2007; 
6(6):712-717. 

[33] Edem, D.O., Amago, C.I., Eka, O.U. 1990. Chemical 

composition of yam bean. Tropical Science 30, 59-63.  

[34] Akubugwo, I.E, Obasi, N.A., Chinyere G.C. Ugbogu, A.E. 
2007. Nutritional and chemical value of Amarathus hybridus 
L. leaves from Afikpo, Nigeria, Afri. J. Biotech., 6(24) 
2833-2839. 

[35] Akindahunsi, A.A., Salawu, S.O. 2005. phytochemical 
screening and nutrient-anti-nutrient composition of selected 
tropical green vegetables. Afri. J. Biotech. 4, 497-501. 

[36] Ajayi I. 2014. Oil content and fatty acid composition of 
Dioclea reflexa seeds. IOSR J. Appl. Chem., 7(7), 68-73.  

[37] Atasie, V.N., Akinhanmi, TF. Ojiodu, C.C. 2009. Proximate 
and physico chemical properties Arachis hypogaea L. 8 (2) 
194-197. 

[38] Tanya AKN., M. Bofung, Kesinro OO 1997. Soluble and 
insoluble fibre contents of some Cameroonian foodstuffs. 
Plant Foods for Human Nutr. 51, 199-207. 

[39] Jenkin 1986. Fibre and starch foods: gut function and 
implication in disease. American Journal of Gastroenterology. 
81:920-930. 

[40] Ogungbenle, H.N. 2003. Nutritional evaluation of quinoa 
flour, International Journal Food Science and Nutrition, 54, 
153-158. 

[41] Ishida, H. Suzuno, H., S Ugiyama, N., Innami, S., Todokoro, 
T., Maekawa, A. 2000. Nutritional evaluation of chemical 
component of leaves, stalks and stems of sweet potatoes 
(Ipomea batatas). Food Chem. 68, 359-367.   

[42] Rao C.V., Nemark, H.L. 1998. Chemo preventive effect of 
squalene on colon cancer, Carcinogenesis 19, 287-290. 

[43] Saidu, A. N., Jideobi, N. G. 2009. The proximate and 
elemental analysis of some leafy vegetables grown in Minna 
and environs. J. Appl. Sci. Environ. Mang. 13, 21-22.   

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

[45] Oshodi, A. A., Hall G. M. 1993. In Vitro Multienzyme 
digestibility of protein of Some Plant Source Flours blended 
with Bovine Plasma protein Concentrate. J. Sci. Food Agric. 
63, 323 – 327. 

[46] Wallace, G.M., W.R. Bannatyne, A. Knalegue 1981. Studies 
on the processing and in properties of soy milk 11.Effect of 
processing conditions on the trypsin inhibitor activity and 
in-vitro proteins in various soy milk preparations. J.Sci. Food 
Agric., 122,526-530. 

[47] Ogungbenle H.N. 2011. Chemical And Fatty acid 
Compositions of Date palm fruit (Phoenix dactylifera L.) 
flour. Bang. J.Sci.Ind.Res.46(2)255-258. 

[48] Paul AA., Southgate DAT. McCance, and Widdowson’s. The 
composition of foods, 4th edition. The Royal Society of 
Chemistry, HMSO, London UK; 1985. 

[49] 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.  

[50] Ogungbenle, H.N., M. Omaejalile 2010. Functional 
properties and anti- nutritional properties. In-vitro protein 

 



 Advances in Analytical Chemistry 2015, 5(1): 1-7 7 
 

digestibility and amino acid composition of dehhulled and 
A.africana seeds. Pak. Journal Science and Industrial 
Research. 53,265-270. 

[51] Ogungbenle, H.N., Onoge, F. 2014. Nutrient composition and 
functional properties of sesame raw, defatted and protein 
concentrate, Eur. J. Biotech. Bioscience, 2(4) 37-43.  

[52] Ige M.N. 1984. Functional properties of the protein of some 
Nigeria oil seeds. Conophor seeds and three varieties of some 
Nigeria oil seeds. Food Chem. 32,822-825. 

[53] Kinsella J. 1979. Functional properties of protein food. 
Critical Review Science Nutrition, 7, 219-280. 

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

[55] Olaofe, O., Famurewa, J.A.V. Ekwagbere, A.O. 2010. 
Chemical functional properties of kidney bean seed flour. 
International Journal of Chemical Sciences 3. 51 - 69. 

[56] Oshodi, A. A., Ekperigin, M. M. 1989. Functional properties 
of Pigeon pea (Cajanus Cajan) flour. Food Chemistry, 34, 
187-191. 

[57] Ogungbenle, H.N, 2014. Chemical, functional properties and 
amino acid composition of raw and defatted cashew kernel. 
Am. Chem. Sci. Journal, 4(3), 348-356. 

[58] Udensi, E. A., Ekwu, F. C., Isinguzo, J. N. 2007. Antinutrient 
factors of vegetable cowpea seeds during thermal processing. 
Pak. J. Nutri. 6 (2) 194-197. 

[59] Ogungbenle H.N. 2009. Chemical and Amino Acid 
Composition of Cooked Walnut flour. PAK. J.Sci. ind. Res. 
52(3) 130-133. 

[60] Hassan, L.G., Dangoggo, S.M., Umar, R.J. Saidu, I., 
Folorunsho F.A. 2008. Proximate Minerals and 
Anti-nutritional Factors of Daniellia oliveri seed kernel. 
Chem. Class Journals 5: 31-36. 

[61] Egbewande, O.O., Gudugi, A.S.I. 2013. Nutritive quality of 
Amaranth (Amaranthus hybridus) leaves grown in Sokoto 
metropolis. Savannah J. Agric. 8 (2)125-130. 

[62] Antia, B.S., Akpan, E.J., Okon, P.A. Umoren, I.U. 2006. 
Nutritive evaluation of sweet potatoes leaves (Ipomea 
batatas). Pak. J. Nutri.5(2), 166-168.   

[63] Bello MO, Falade OS, Adewumi SRA, Olawore NO 2008. 
Studies on the chemical compositions and anti-nutrients of 

some lesser known Nigeria fruits. Afr. J. Biotechnol., 7(21): 
3972-3979. 

[64] Thompson, L.U. (1993). Potential Health Benefits and 
problems associated with anti-nutrients in foods. 
International Journal Food Resources 26:131-149. 

[65] Deshpande SS, Cheryan M., Salunke DK. 1986. Tannin 
analysis of food products. CRC Crit. Rev. Food Sci. Nutr. 
24:401-449. 

[66] Carbonario M, Virgili F., Carnovale E. 1996. Evidence for 
protein- tannin interaction in legumes: implications in the 
antioxidant properties of faba bean tannins, Lebensm-Wiss 
Tech. 29, 743-750. 

[67] Kehrer JP 1993. Free radicals as mediator of tissue injury and 
disease. Crit Rev Toxic 23, 21-48. 

[68] Adeyeye E. I. 2004. The chemical composition of liquid and 
solid endosperm of recipe coconut. Orient. J. Chem. 20, 
471-478. 

[69] Olaofe, O., Akintayo, E. T. 2000. Production of isoelectric 
points of legume and oil seed proteins from their amino acid 
composition. J. Tech. Sci. 4, 49-53.  

[70] Philip C.N.A., Elijah, I.O., 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. DOI:10.11648/j.avs.20140202.11. 

[71] 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. 

[72] Ogungbenle, H.N. 2006.Chemical composition, functional 
properties and amino acid composition of some edible seeds. 
La Rivista Italia Sos. Grasse, 83, 81-86. 

[73] Adeyeye, E.I. 2009. Intercorrelation of amino acid quality 
between raw, steeped and germinated millet grains. Pakistan 
Journal of Science and Industrial Research. 52(3)122-129. 

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

[75] FAO, Amino acid content of Foods and Biological Data on 
Proteins. FAO Nutritional studies No. 24, FAO, Rome, Italy, 
1970. 

 

 


