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Large varieties of the pumpkin family such as watermelon seed oil 

have been previously explored for their medicinal conventions 

due to the presence of bioactive metabolites such as cucurbitacin, 

triterpenes, sterols, alkaloids, vitamins and minerals, but none of 

these products have gained utilization on industrial scale. This 

research is to verify the ongoing experimental and biological 

analysis to corroborate its ethno-medicinal utilization. It centers 

on the investigation of the phytochemical composition and 

nutritional bioassay of the indigenous watermelon (Citrullus 

lanatus) seed oil sold in Gwagwalada market, Gwagwalada Abuja 

district Nigeria (Longitude 8°N and 7°E). Results of the 

investigation revealed that the anti-nutritional components such 

as saponins, alkaloids, phenols, flavonoids and tannins were 

detected in the sample using n-hexane and ethanol solvent. There 

are major elements such as Zn (4.8 mg/100g), Ca (27.0 mg/100g) 

and Mg (29.8 mg/100g). Furthermore, the proximate analysis 

shows that there are presence of crude protein (19.43±0.38%), 

ash (5.03±0.05%) crude fibre (26.10±0.03%), crude lipid 

(21.54±0.2%), moisture (10.92±0.02%) and carbohydrate 

(16.98%) respectively. Although there have been significant 

nutritional value in the seed which is the parts always subverted 

on the basis of acclaimed toxicity, these in turns can be 

recommended on daily allowance, maintenance of good 

nutritional status and good health. 
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INTRODUCTION 
 
Botanically, Watermelon is known as Citrullus lanatus, it 
is a tropical fruit which can be taxonomically classified as 
the gourd family native to Southern Africa (Kalahari 
Desert). Water melon is a monoecious fruit which is 
cultivated for its large and delicious juicy edibility, usually 
ripened in August, they are warm season (frost intolerant) 
stretching annual fruit with stems as long as 5 meters 
with tendrils at the node and shallow root system. They 
have a general broad and lobed Leaves. Flowers are 
large, yellow which occur at the nodes. Watermelon 
seeds are the most discarded oil seeds. The seeds have 
nutritional values that are often compared favourably as 
well as soybean, sunflower and ground nuts (Van der 
Vossen et al., 2004; Fursa 1981; Maynard, 2001; Oyolu, 
1977). The climatic condition of the tropical environments  

 
 
are characterized majorly with high transpiration rate 
owing to insufficient rainfall, therefore inhabitants of this 
regions rapidly rejuvenate their adequate supplies of 
vitamins, minerals, fibres and water from water melon 
fruit because larger percentage of the fruit consist of 
water (over 90%) as shown in (Figure 1) (Gabriel et al., 
2017) and are also recommended for the control of 
weight (de Conto et al., 2011). The absorption of the 
antioxidant–rich food and energy formulation of Nigerian 
diets has been fundamentally based on fruits and 
vegetables but inappropriately, only the fleshy pulp 
(Figure 1) of these fruit have gained edibility attention 
leaving the seed (Figure 2) and the rind undesirable. The 
nutritional contents of watermelon seeds are of immense 
quality; they  are  rich  sources  of  proteins,  vitamins  B,  
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Figure 1. Water melon fruit showing the pulp and seed embedded. 

 
 

 
 
Figure 2. Water melon seed. 

 
 
 
minerals such asmagnesium, potassium, phosphorous, 
sodium, iron, zinc, manganese, copper and lipid, 
carbohydrates, fibre and the likes. The fibre content of 
the fruits and vegetables has been investigated to have 
beneficial effects on blood cholesterol and they prevent 
large bowel diseases (Godwin et al., 2008). It also 
contains some phytochemicals including saponins, 
alkaloids, phenols, flavonoids and tannins (Braide, 2012). 
These bioactive components are responsible for the 
antimicrobial, antimalaria, anti-inflammatory, anticancer, 
anti-infection (Adesanya et al., 2011) and antioxidant 
activities (Loiy et al., 2011). Although in view of its 
numerous pharmacological and biological activities, 
randomized clinical trials are yet to established the fact 
that these bioactive components including antioxidant(ß-
carotene) have therapeutic potentials (Gonzalez-Aguilar 
et al., 2008) but traditionally, it has been reported to be of 
therapeutic use such as, antihypertensive and 
antidiarrhoeal despite the toxicity levels yet to be studied 
in-depthly. The watermelons seeds are known to have 
economic benefits especially in countries where 
cultivation is on the increase. Snacks milled into flour and 
used for sauces have been prepared from the seed. Oil 
from the seeds is used in cooking and constitutes the 
production of cosmetics (Jensen et al., 2011). Seed oils 

have varying important nutritional sources of oils which 
have the industrial and pharmaceutical ethno-medicinal 
use (Nzikou et al., 2010). A large percentage of 
vegetable oils have been derived from various sources, 
Which includes seed oil, soybean oil, cottonseed oil, 
peanuts and sunflower oils, palm oil, castor oil, rapeseed 
oil, palm kernel oil, coconut oil and others (Nzikou et al., 
2010). The utilization of these oils in various applications 
except edibility is characterized by their yields, 
compositions, physical and chemical properties (Aluyor 
and Ori-Jesu, 2008). This characteristic of oil from 
different sources depends majorly on their composition 
and no oil from the same source can be appropriate and 
sufficient for all purposes (Mohammed and Jorf-Thomas, 
2003). This paper tends to report the phytochemical 
composition and nutritional bioassay of the indigenous 
watermelon (Citrullus lanatus) seed oil. 
 
 
MATERIALS AND METHODS 
 
Sample collection and preparation 
 
The water melon seed was purchased from Gwagwalada 
market, Gwagwalada Abuja district  Nigeria  (Longitude  8°N 



 
 
 
and 7°E).  
 
Materials used 
 
Round bottom flask, conical flasks, spatula, pipettes, 
beakers, capillary tube, funnel, filter paper, measuring 
cylinder, water bath, sample bottles, test tube, syringe, 
UV-lamp, and AAS 
 
Chemicals 
 
All reagents used are of analar grade. N-hexane, distilled 
water, ethanol, methanol, ethyl acetate, hydrochloric acid, 
sodium hydroxide, sulphuric acid, acetic anhydride, 
chloroform, ferric chloride solution, ferric III chloride 
solution, Mayers reagent. 
 
Production of watermelon seeds flour 
 
The seeds were washed and air-dried (at 50°C) for 24 h, 
it was then divided into two parts (A and B). The whole 
seeds were milled into flour in an electronic blender, kept 
in an air-tight plastic container at 4 °C prior to analysis. 
 
Extraction 
 
20 g of sample B was extracted with 200 ml of n-hexane 
for maceration and then allowed to stand for 48 h, it was 
then filtered to obtain a white residue. The filtrate has 
intense orange coloration which fades upon continuous 
extraction until a light orange coloration was obtained. 
The residue was returned into the container for further 
extraction using ethanol; this process was repeated for 
sample B until a light orange coloration was also obtained 
for the ethanolic extraction. After the extraction, the 
filtrates were then concentrated using water bath to 
obtain the oil crude extract weighing 23.70 g of oil 
(ethanol solvent) and 16.00 g (n-hexane solvent). 
 
Qualitative phytochemical analysis 
 
The phytochemical assays of both extracts (ethanolic and 
n-hexane) were carried out using (Trease and Evans, 
2002; Tiwari et al., 2011; Boakye et al., 2015) to identify 
the phyto-constituents present in them.  
Total Phenol: method of Bray and Thorpe 
Tests for alkaloids: Mayer’s test, Dragendorff’s test, 
Wagner’s test.  
Tests for steroids and sterols: Liebermann Burchard’s 
and Salkowski test.  
Tests for saponins: Foam test.  
Test for flavonoids: Shinoda test.  
Tests for tannins: Lead acetate test and gelatin test.  
Test for triterpenoids: Tin and thionyl chloride test.  
 
Proximate analysis 
 
The proximate compositions of the dried Watermelon 
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seed were determined using standard analytical 
methods. All measurements were done in duplicates and 
values presented in percentage. 
 
Moisture content 
 
This is a measure of the percentage moisture lost to 
drying at oven temperature of about 105

0
C (AOAC, 

1999). 2 g of the sample A was oven-dried in a crucible at 
105°C overnight. The dried sample was then cooled in 
desiccator for 1 h and weighed to a constant weight. The 
percentage loss in weight was expressed as percentage 
moisture content. 
 
Ash content 
 
The residue remaining was weighed after the ashing of 2 
g dried grounded seed in a crucible. The ashing was 
done in a muffle furnace of temperature 550°C for 6 h. 
The ashed sample was cooled in a desiccator and 
weighed. The percentage residual weighed was 
expressed as ash content (AOAC, 1999). 
 
Crude Lipid content 
 
Continuous extraction of lipid was done for 5hours with 
petroleum ether in a soxhlet extractor. 2.00 g of the 
sample was used for determining crude lipid (Udo and 
Oguwele, 1986). 
 
Crude protein content 
 
Kjeldahl, (1883) method was used to determined total 
protein. 1g of the sample was put into a filter paper and 
put into a Kjedahl flask, 10 cm

3
 of concentrated H2SO4 

were added and digested in a fume cupboard until the 
solution becomes colorless. The distillation was carried 
out with 15 mL of 50% of NaOH. The tip of the condenser 
was dipped into a conical flash containing 6cm

3
 of 4% 

boric acid in a mixed indicator until a green coloration 
was observed. Titration was done in the receiver flask 
with 0.01 M HCl until the solution turned red. 
 
Crude fibre content 
 
Estimation of the crude fibre was done by acid and 
alkaline digestion methods 2.00 g of each sample were 
used with 20% H2SO4 and NaOH solution. 
 
Carbohydrate content 
 
The carbohydrate content of the test sample was 
determined by estimation using the arithmetic difference 
method (de Conto et al., 2011; James, 1995).  
 
%CHO = 100 - (% fat + % ash + % fibre + % protein). 
 
Mineral analysis 
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Table 1. Proximate analysis result of 
watermelon seed. 
  
Parameters % Concentration 

Crude protein 19.43±0.38 
Crude fibre 26.10±0.03 
Crude lipid 21.54±0.02 
Ash 5.03±0.05 
Moisture 10.92±0.02 
Carbohydrates 16.98 

 

Key: Data are mean triplicates 
determinations ± standard deviation. 

 
Table 2. Qualitative phytochemical analysis of Ethanolic and N-hexane 
extract of watermelon seeds. 
 

Phytoconstituents N-hexane extract of  
watermelon seeds 

Ethanolic extract of  
watermelon seeds 

Alkaloids  + + 
Phenol  + + 
Saponin + + 
Steroids  - + 
Flavonoids  - + 
Tannins  + + 
Terpenoids - - 

 
+ Present, - Absent 

 
 
 
Determination of mineral content 
 
Mineral analysis was determined using 10 g of the 
sample A and subjected to dry ashing for 5 h in well-
cleaned porcelain crucibles at 550°C. The residue ash 
was dissolved in 5 ml of HNO3/HCl/ (1:2) and heated 
gently on a hot plate until brown fumes disappeared and 
white coloration was formed. The solution on each 
crucible was filtered into 100 ml volumetric flask and the 
volume made up to 100 ml with deionized water. The zinc 
element was determined from the solution using flame 
photometer (Perkin-Elmer model 52A) (Shahid et al., 
1999). 
 
Determination of Ca and Mg content 
 
This was determined by complexometric titration method. 
20 ml of the extract was pipette into a conical flask and 2-
3 ml of 0.5 M KOH was added. After shaking the solution, 
4-5 drops of solochrome blue T was added and the 
sample was titrated against 0.05 M EDTA solution in the 
burette, until a colour change from wine red to blue 
appeared to indicate the end point (Mendham et al., 
2000). 
 
 
RESULTS AND DISCUSSION 
 
From (Table 1), the proximate analysis shows that there 
are presence of crude protein (19.43±0.38%), crude fibre 
(26.10±0.03%), crude lipid (21.54±0.2%), moisture 
(10.92±0.02%),  carbohydrate   (16.98%)  and   ash   with  

 
 
 
 
value of (5.03±0.05%) respectively. The moisture content 
of Sudanese watermelon seeds obtained from western 
Sudan is 2.8% as determined by Yousuf, (1992), 
whereas Mustafa et al. (1972) reported a value of 4.94% 
for another type obtained from kordufan in the vicinity of 
Elobied. The moisture content of two Nigerian varieties of 
water melon seeds reported by Ogunsua and Badifu, 
(1984) were found to be 7.9% and 5.6% respectively, 
therefore the values obtained were found to be of 
acceptable limits. The differences could be attributed to 
methodology, soil, storage and variety. Moisture content 
of the watermelon fruit is affected by storage and 
preservatives as reported by Gabriel et al., (2017). Again, 
the crude fibre was analyzed to have 26.10%; this value 
is much higher compare to 6.46% obtained for that of 
pumpkin seed. Therefore, watermelon seed can be 
recommended for the lowering of cholesterol levels in the 
blood and reduce risk of various cancers. The results 
also indicated that watermelon seeds contained 
appreciable amount of crude protein content (19.43.9 ± 
0.38%) making it a good source of supplementary protein 
for man and livestock feeds. The proximate composition 
of the samples shows that the crude lipid extracted had 
the second higher amount with value of 21.54% showing 
that watermelon seeds can be utilized for the production 
of oil to substantiate that of palm oil, coconut oil and the 
likes. Mabalaha et al. (2007); Madaan and Lai, (1984) 
also reported oil content values of 41.0-56.6% and 24.8-
30.0% in melon seeds. These values are within range of 
little difference which might be attributed to methodology 
or variety. The crude protein content showed values of 
19.43%, this was less when compare to previous works 
on varieties of C. vulgaris seed which has high protein 
value that qualifies the seed as a valuable and good 
source of protein. The carbohydrate content is 10.92% as 
shown in (Table 1 and Figure 3). This is lower as 
compare to that obtained from different varieties and was 
also lower as compared to 26% reported for sunflower. 
Other reports of carbohydrate content ranged from 7.08-
14.15%. The least was in Leganaria siceraria while 
Chebil et al. (2006) reported the highest value in 
Cucumeropsis edulis.  

The roots, stems, leaves, flowers, fruits or seeds are 
the major source of phytochemical accumulation (Costa 
et al., 1999). The quality of foods can be quantified by the 
presence of primary components of plants(protein), this in 
turns could increase the bioactive compound that could 
also be isolated in future (Thomsen et al., 1999). From 
(Table 2), there are presence of alkaloid, phenol, tannin, 
saponin, steroid and flavonoids in the ethanol extract 
while there is absence of terpenoid in both solvent 
extract. This may be due to the affinity of the solvent for 
hydrophillicity while the hexane extract shows the 
presence of alkaloids, phenol, tannin and saponin while 
there is absence of steroid, flavonoid and terpenoid as 
shown in (Table 2). Phenolic compounds (flavonoids) and 
tannins are plant secondary  metabolites  which  possess  
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Table 3. Elemental analysis. 
 
Elements                      Concentration(mg/100g) 

Zn 4.8 
Ca     27.0 
Mg     29.8 

 
 

 
 
Figure 3. Graph of Proximate analysis on watermelon seed. 
 

 

 
 
Figure 4. Graph of elemental analysis on watermelon seed.  

 
 
 
 
multiple biological and therapeutic activities such as 
treatment of neurodegenerative diseases, vasodilatory 
action, antimicrobial, antibacterial, antiviral and anti-
inflammatory (Tsuchiya, 2010), Asian medicine 
(Japanese and Chinese) utilizes tannin for natural healing 
especially in treating tumors (Cushnie and Lamb, 2005; 
Murray, 1998; Funatogawa et al.,  2004). Phenolics are 
also antioxidant which neutralizes diseases related to 

oxidative stress. A vast majority of researchers have 
reported alkaloids as an antimicrobial by inhibiting DNA 
topoisomerase also, pharmacologically against chronic 
diseases including hypertension, arrhythmic effect and 
antimalarial (Yao et al., 2004; Akiyama et al., 2001). Due 
to the higher concentration of calcium and magnesium as 
well as Zinc minerals in the water melon seed as shown 
in (Table 3 and Figure 4), it should be recommended   as  
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an element of bone and teeth strengthening. Also as a 
potential ingredient in cosmetics for stimulation and 
revitalization.   
 
 
Conclusion 
 
The phytochemical contents coupled with proximate and 
elemental analysis of water melon seed oil constituents 
studied underline the potency of watermelon seed oil 
rather than disposing the seed as a waste product after 
consuming the pulp. The seed could be used in the 
development of new functional foods to promote good 
health. Thus the watermelon seed oil extract is found to 
possess some excellent source of secondary metabolites 
that provides them with an ability to be used as an 
indigenous ethno-medicine by traditional healers. This 
can further be investigated in a wide scale for the 
purpose of drug development against various diseases 
and possibility of incorporating the oil in the 
manufacturing of soaps. 
 
 
REFERENCES 
 
Adesanya AO, Olaseinde OO, Oguntayo OD, Otulana JO, Adefule AK 

(2011). Effects of Methanolic Extract of Citrullus lanatus Seed on 
Experimentally Induced Prostatic Hyperplasia. European Journal of 
Medicinal Plants, 1(4):171-179. 

Akiyama H, Fujii K, Yamasaki O, Oono T, Iwatsuki K (2001). 
Antibacterial action of several tannins against Staphylococcus 
aureus. J. Antimicrob. Chemother. 2001; 48(4):487-91. 

Aluyor EO, Ori-Jesu M(2008). The use of antioxidants in vegetable oils. 
Afr. J. Biotechnol. 7(25): 4836-4842. 

AOAC (Association of Official Analytical Chemists), (1999). Official 
methods of analysis AOAC international methods 934.01, 988.05, 
920.39 and 942.05. Arlington, VA, USA: AOAC International.  

Boakye AA, Wireko-Manu FD, Agbenorhevi JK, Oduro I (2015). 
Antioxidant Activity, Total Phenols and Phytochemical Constituents of 
four Underutilised Tropical Fruits, International Food Research 
Journal, 22(1):262-266. 

Braide W, Odiong IJ, Oranusi S (2012). Phytochemical and Antibacterial 
properties of the seed of watermelon (Citrulluslanatus). Prime Journal 
of Microbiology Research, 2(3), 99-104.  

Chebil L, Humeau C, Falcimagine A, Engasser J, Ghoul M (2006). 
Enzymatic acylation of flavonoids. Process Biochem; 41(11):2237-
2251. 

Costa MA, Zia ZQ, Davin LB, Lewis NG (1999). Chapter Four: Toward 
Engineering the Metabolic Pathways of Cancer- Preventing Lignans 
in Cereal Grains and Other Crops. In Recent Advances in 
Phytochemistry, Phytochemicals in Human Health Protection, 
Nutrition, and Plant Defense, ed. JT Romeo, New York; 33:67-87. 

Cushnie TP, Lamb AJ (2005). Antimicrobial activity of flavonoids. Int. J. 
Antimicrob Agents. 26(5):343-356. 

De Conto LC, Gragnani MAL, Maus D, Ambiel HCI, Chiu MC, Grimaldi 
R, Goncalves LAG (2011). Characterisation of crude 62 watermelon 
seed oil by two different extraction methods. Journal of American Oil 
Chemists’ Society 88:1709 - 1714. 

Funatogawa K, Hayashi S, Shimomura H, Yoshida T, Hatano T (2004). 
Antibacterial activity of hydrolyzable tannins derived from medicinal 
plants against Helicobacter pylori. Microbiolimmunol; 48(4):251-261. 

Fursa TB (1981). Intraspecific classification of watermelon under 
cultivation. Kulturpflanze 29: 297–300. 

Gabriel AF, Igwemmar NC, Ilodinke E, Omoniyi A Ol, Adeyemo B 
(2017). Effect of Preservatives on the Physicochemical     properties  
of Watermelon and Soursop Fruit Blend. Direct Research Journal of 

 
 
 
 

Agriculture and Food Science. Vol.5 (10), pp. 333-337.  
Godwin C, Ojieh OMO, Yetunde RO, Kayode EA, George OE, Reginah 

TO (2008). Compositional Studies of Citrulluslanatus (Egusi melon) 
Seed. The Internat. Journal of Nutrition and Wellness ISSN: 1937-
8297. 

Gonz´alez-Aguilar G, Robles-S´anchez RM, Mart´ınez-T´ellez MA, 
Olivas GI, Alvarez-Parrilla E, De La Rosa LA (2008). “Bioactive 
compounds in fruits: health benefits and effect of storage conditions,” 
Stewart Postharvest Review, vol. 4, no. 3, article 8, pp. 1–10. 

James CS (1995). Analytical chemistry of food. Champman and hall, 
London  Pp.64-65.  

Jensen BD, Toure FM, Hamattal MA, Toure FA, Nantoumé DA (2011). 
Wtermelons in the Sand of Sahara: Cultivation and use of indigenous 
landraces in the Tombouctou Region of Mali, Ethnobotany Research 
and Applications, 9:151-162. 

Kjeldahl J (1883). New method for determination of nitrogen in organic 
substances, Zeitschhrift fur analitische chemie 22(1) 366-383 . 

Loiy EAH, Hasnah MS, Sakina MAY, Waleed SK, Siddig IA (2011). In 
vitro Antimicrobial activities of chloroformic, hexane and ethanolic 
extracts of Citrulluslanatus var. citroides (Wild melon). Journal of 
Medicinal Plants Research. 5(8):1338-1344. 

Mabalaha MB, Mitei YC, Yoboah SO (2007). A Comparative study of 
the properties of selected melon seeds oils as potential candidates 
for development into commercial edible vegetable oil. Journal of 
American Oil Chemists’ Society, 84: 31-34. 

Madaan TR, Lai BM (1984). Some studies on the chemicalcomposition 
of Cucurbit kernels and their seed coats. Plant Foods for Human 
Nutrition, 34: 81-86. 

Maynard DN (2001). Watermelons: characteristics, production and 
marketing. American Society for Horticultural Science (ASHS) Press. 
Horticulture Crop Production Series. Alexandria, VA, United States. 
Pp.227.  

Mendham J, Denny RC, Barenes JD, Thomas MJK, (2000). Vogels 
textbook of quantitative chemical analysis. 6

th
 edition. Prentice hall 

London.   
Mohammed RF, Jorf-Thomas M (2003). Determination of the lipid 

classes and fatty acid profile of Niger seed (Guizotiaabyssinica 
Cass). Phytochem. Anal. 14:366-370. 

Murray MT (1998). Quercetin; nature’s antihistamine. Better Nutr. 60:10. 
26.  

Mustafa AI, Badi SM, Salama RB, Elasyed AS, Hussein AA       (1972). 
Studie 

Nzikou JMM, Mvoula-tsiéri CB, Ndangui, NPG, Pambou-Tobi A, 
Kimbonguila B, Loumouamou TS, Desobry S (2010). 
Characterization of Seeds and Oil of Sesame (SesamumindicumL.) 
and the kinetics of degradation of the oil during heating. Res. J. Appl. 
Sci. Eng. Technol. 2(3):227-232.  

Ogunsua AO, GIO (1984). Stability of purified melon seed oil obtained 
by solvent extraction. J. Food Sci. 54 : 171-176. 

Oyolu C (1977). A quantitative and qualitative study of seed types in 
egusi  (Colocynthiscitrullus L.). Tropical Science. 19(1): 55–62. 

s on watermelon seed oil. Sudan . Food Sci. and Technol. 4: 18-20.  
Shahid I, Chauhdry AV, Anjum MA (1999). Effect of rootstock on leaf 

mineral composition and productivity of Kinnow mandarin. Int. J. 
Agric. Biol; 1:91-93. 

Thomsen S, Handen HS, Nyman V (1991). Ribosome inhibiting proteins 
from in vitrocultures of Phytolaceadodecandra. Planta. Med; 57:232-
236.  

Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H (2011). Phytochemical 
screening and Extraction: A Review. Internationale Pharmaceutica 
sciencia 1 (1):98-106. 

Trease GE, Evans WC (2002). A text book of pharmacognosy, 15th 
edition. Academic press, London. 

Tsuchiya H (2010). Structure-dependent membrane interaction of 
flavonoids associated with their bioactivity. Food Chem; 120(4):1089-
96. 

Udo EJ, JA Oguwele (1986). Laboratory manual for the analysis of soil, 
plants, and water samples. 3

rd
 edition, department of crop production, 

University of Ilorin, Kwara state Nigeria pp: 131-152.  
Van der Vossen, HAM, Denton OA, El Tahir IM, (2004). Citrulluslanatus 

(Thunb.) Matsum. &Nakai. [Internet] Record from Protabase. 
Grubben, GJH, Denton OA (Editors). PROTA (Plant Resources of 



 
 
 
 

Tropical Africa / Ressourcesvégétales de l’Afriquetropicale), 
Wageningen, Netherlands. <http://database.prota.org/search.htm>. 
Accessed. 

Yao LH, Jian YM, Shi J, Tomas Barberan FA, Datta N, (2004). 
Singanusong R. Flavanoids in food and their health benefits. Plant 
Foods Hum. Nutr, 59 113. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Direct Res. J. Public Health and Environ. Technol.       40 
 
 
 
Yousuf A (1992). The nutrient composition of Sudanese animal feed. 

Bulletin Central Animal Nutrition Research Laboratory, Kuku, Kharto. 
 


