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Abstract - Watermelon is a sweet juicy fruit, containing mainly three parts (pulp, seed and rind), which is 

consumed due to its thirst-quenching ability and low in calorie nutritional status. However, many consumers 

only consume the pulp, neglecting other parts (seed and rind), turning them to waste products, and these 

neglected parts have been reported to possess some nutritional potentials.  Hence, this study sought to 

investigate the nutritional (mineral) compositions, bioactive compounds, and antioxidant abilities of the 

aqueous extracts of watermelon fruit (pulp, seed and rind). In the mineral composition studies, Ca, Mg, K, Na, 

Mn, Fe, Cu, P, and Zn were analysed, the studies revealed that potassium (K) was the most abundant mineral 

in the fruit with watermelon rind having the highest value (32625mg/l), watermelon pulp was higher with the 

value (13757mg/l) than watermelon seed having the least value (6053mg/l). Copper (Cu) was the least 

abundant mineral in the fruit, watermelon seed had the highest value (17.1mg/l), watermelon pulp had higher 

value (6.20mg/l) than watermelon rind with least value of 6.00mg/l. Furthermore, the antioxidant potentials 

(2,2- azinobis 3-ethylbenzo-thiazoline -6-sulfonate (ABTS),  1,1-diphenyl-2-picrylhydrazyl (DPPH), Total 

phenol, and Total flavonoid) of the aqueous extracts of watermelon fruit (pulp, seed and rind) were carried out 

and the results showed that watermelon seed was the richest in total phenolic content having (4.50 ± 1.17mg 

GAE/100g), watermelon rind was richer (0.56 ± 0.13mg GAE/100g) than watermelon pulp (0.30 ± 0.07mg 

GAE/100g). The total flavonoid assay showed the seed extracts with highest value (8.29 ± 2.06mg QE/100g), the 

pulp extract was higher (5.07 ± 0.71mg QE/100g) than the rind extract (4.71 ± 1.36mg QE/100g). The ABTS 

assay also revealed that watermelon pulp, seed, and rind had (32.14 ± 2.16mmol TEAC/100g,  11.4 ± 4.63mmol 

TEAC/100g, and 5. 36 ± 2.12mmol TEAC/100g) respectively. The scavenging abilities of the extracts showed 

that watermelon rind had highest scavenging ability (49. 77 ± 3.04 mgMAE/ml), while watermelon seed had 

higher scavenging ability (51.59 ± 7.86mgMAE/ml) than watermelon pulp having (59.37 ± 4.77 mgMAE/ml). 

Bioactive compounds such as flavonoid, saponin, alkaloids, cardiac glycosides & cardinocides and terpenoids 

were present in the whole watermelon fruit (pulp, seed and rind) while tannin and chalcone were not present 

in the whole fruit. The studies revealed that the neglected parts (seed and rind) exhibited significant 

antioxidant potentials which may inhibit overproduction of oxidants involved in the pathogenesis of many 

chronic diseases. 
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1. Introduction 

Watermelon (Citrallus lanatus) is an important horticultural crop, mostly known for its sweet juicy fruit 

(Munisse et al., 2011). It belongs to the genus Citrullus, which has four species (C. lanatus, C. 

ecirrhosus, C. colocynthis, and C. rehmi) (Shimotsuma, 1963). The sugar content and sweetness are the 

critical factors in determining the quality of many watermelon varieties. It is known to be low in calories 

but highly nutritious and thirst quenching. Watermelon can be used as fresh salad, dessert, snack, and for 

decorations. Drinks can also be made from the juice. In Namibia, the juice is fermented into a refreshing, 
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lightly alcoholic drink (Okonmah, et al. 2011). In some parts of Africa, the rind is sliced, dried, cooked 

and eaten. Pickled watermelon rind is widely eaten in some parts of USA. The fruit is known to be a good 

source of lycopene and carotenoid. It helps quench the free radicals that contribute to conditions like 

asthma, atherosclerosis, diabetes, colon cancer and arthritis. It is also high in fibre and citrulline; an 

amino acid the body uses to make arginine (Oyeleke, et al, 2012). Watermelon seeds are known to be 

highly nutritional; they are rich sources of protein, vitamins B, minerals (such as magnesium, potassium, 

phosphorous, sodium, iron, zinc, manganese and copper) and fat among others as well as phytochemicals 

(Braide et al, 2012). 

 

The knowledge of the nutritive and the anti-nutritive content of various parts (seeds, rind and pulp) of the 

watermelon fruit will encourage their consumption in diverse ways and re-utilisation of the vast amounts 

of seeds discarded as waste. The nutrient and anti-nutrient value of many fruits, seeds and their rinds have 

not received much attention and these are at times discarded, even with their hidden nutrients (Johnson et 

al., 2012). There is also limited literature on the effect of variety on the nutritional, phytochemical and 

antioxidant properties of the watermelon seeds, rind and pulp. Hence, this study investigated in vitro 

antioxidant activities in the seeds, rind and pulp of watermelon. The seeds, rind and pulp were also 

screened for the presence of some phytochemicals (qualitatively & quantitatively) and minerals contents. 

 

2.0 Materials & Method 

2.1 Samples collection 
3 watermelon fruits were bought at capital market in Osogbo, Osun state, Nigeria. The watermelon fruits 

were cut into small pieces, the seeds were removed from the pulp and finally, the pulps were carefully 

removed from the rind. The 3 samples (watermelon pulp, rind and seed) were oven-dried at 50ºc for 

48hrs, 24hrs and 4hrs respectively. The watermelon dried samples were pulverised to powdery substances 

by using electric blender. 

 

2.2 Sample preparation 

2.2.1 Aqueous extraction of the samples 

5g each of the powdery substance of watermelon samples (pulp, rind, and seed) was weighed on 

analytical weighing balance and dissolved in 50ml of distilled water. It was poured in a reagent bottle and 

placed on HY-BII speed governing multi-purpose oscillator/shaker for 24hrs for thorough shaking and 

mixing. Then, each dissolved sample was filtered, using a whatmann No1 filter paper and funnel. The 

filtrate was centrifuged in medical low speed centrifuge at the speed of 2500 for 10mins. The supernatant 

was poured into a clean reagent bottle and kept in the refrigerator for further analysis while the sediments 

were discarded. 

 

2.3 in vitro antioxidant assays 

2.3.1 Determination of total phenol content  

The total phenol content was determined according to the method of Singleton et al. (1999). Briefly, 

appropriate dilutions of the sample extracts were oxidized with 2.5 ml 10% Folin-Ciocalteau’s reagent 

(v/v) and neutralized by 2.0 ml of 7.5% sodium carbonate. The reaction mixture was incubated for 40 min 

at 45°C and the absorbance was measured at 765 nm in the spectrophotometer. The total phenol content 

was subsequently calculated as Gallic acid equivalent. 

 

2.3.2 Determination of total flavonoid content 

The total flavonoid content was determined using a slightly modified method reported by Meda et al. 

(2005). Briefly 0.5 mL of appropriately diluted sample extracts was mixed with 0.5 mL methanol, 50 μL 

10% AlCl3, 50 μL 1 M Potassium acetate and 1.4 mL water, and allowed to incubate at room temperature 

for 30 min. The absorbance of the reaction mixture was subsequently measured at 415 nm in the UV-

Visible spectrophotometer (Model 6305; Jenway, Barloworld Scientific, Dunmow, United Kingdom). 

The total flavonoid content was subsequently calculated using quercetin as standard. 
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2.3.3 ABTS radical scavenging ability 

The ABTS˙+ (2, 2′-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) scavenging ability of the 

watermelon samples (pulp, rind, and seed) extracts were determined according to the method described 

by Re et al. (1999). The ABTS˙ was generated by reacting an (7 mmol/L) ABTS aqueous solution with 

K2S2O8 (2.45 mmol/L, final concentration) in the dark for 16hrs and adjusting the Absorbance at 734 nm 

to 0.700 with ethanol. 0.2 mL of appropriate dilution of the extract was added to 2.0 mL ABTS˙+ solution 

and the absorbance were measured at 734 nm after 15min. Trolox was used as standard and trolox 

equivalent antioxidant capacity (TEAC) was subsequently calculated. 

 

2.3.4 Determination of ferric reducing antioxidant property (FRAP) 
The reducing property of the aqueous extracts from watermelon samples (pulp, rind, and seed) were 

determined by assessing the ability of the extract to reduce FeCl3 solution as described by Oyaizu (1986). 

2.5ml aliquot was mixed with 2.5 ml 200 mM sodium phosphate buffer (pH 6.6) and 2.5 ml 1% 

potassium ferricyanide. The mixture was incubated at 50⁰ C for 20 min. and then 2.5 ml 10 % 

trichloroacetic acid was added. This mixture was centrifuged at 650 rpm for 10 min. 5 ml of the 

supernatant was mixed with an equal volume of water and 1 ml 0.1% ferric chloride. The absorbance was 

measured at 700 nm. The ferric reducing antioxidant property was subsequently calculated. 

 

2.3.5 1, 1-diphenyl–2 picrylhydrazyl radical scavenging ability (DPPH) 

The free radical scavenging ability of the extracts against 1,1-diphenyl–2 picrylhydrazyl (DPPH) free 

radical was evaluated as described by Gyamfi et al. (1999). Briefly, appropriate dilution of the extracts (1 

ml) was mixed with 1 ml, 0.4 mM methanolic solution containing DPPH radicals, the mixture was left in 

the dark for 30 min and the absorbance was taken at 516 nm. The DPPH free radical scavenging ability 

was subsequently calculated as percentage of the control. 

 

2.4 Qualitative phytochemical analysis 
Qualitative phytochemical analysis of aqueous extracts of watermelon samples (pulp, rind, and seed) were 

carried out on the extracts using standard procedure to detect the bioactive constituents as described by 

Sofowora (1993), Trease and Evans (1989a) and Harbone (1973). 

 

2.4.1 Test for Taninns:  1ml of each extract was boiled in 20ml of water in a test tube and then filtered. 

A few drops of 0.1% ferric chloride was added and observed green or a blue – black coloration which 

confirmed the presence of tannin.  

 

2.4.2 Test  for  Saponin:   About  5ml  of each extract  was  boiled  in  20ml  of  distilled  water  in  a 

water  bath  and  filtered.  10ml  of  the  filterate  was  mixed  with  5ml  of distilled  water  and  shaken  

vigorously  for  a  stable  persistent  froth. The  frothing  was  mixed  with  3 drops  of  olive  oil  and  

shaken vigorously,  then  observed  for  the  formation  of  emulsion  which confirmed  a  positive  

presence of  Saponin.  

 

2.4.3 Test  of  Flavonoids: 3ml  of  1%  Aluminium  chloride  solution  was added  to  5ml  of  each 

extract.  A yellow coloration was observed indicating the presence of flavonoids. 5ml of dilute ammonia 

solution was added to the above mixture followed by addition of concentrated H2SO4.  A yellow 

coloration disappeared on standing. The yellow coloration which disappeared on standing indicated a 

positive test for flavonoids.  

 

2.4.4 Test  for  Steroids:   2ml  of  acetic  anhydride  was  added  to  2ml  extract  of  each watermelon 

samples (pulp, rind, and seed), followed  by  careful  addition  of  2ml  H2SO4.  The change in color from 

violet to blue or green indicated the presence of steroids. 

2.4.5 Test  for  Terpenoids  (Salkowski  test): 5ml  of  each the  extract  was  mixed  with  2ml  of  

chloroform,  and 3ml  concentrated  H2SO4  was  carefully  added  to  form  a  layer.  A reddish brown 

coloration on the interface was formed to show positive results for the presence of terpenoids.  
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2.4.6 Test  for  Cardiac  Glycosides  and  Cardenolides: 5ml  of  each watermelon extract was  treated  

with 2ml  of  glacial  acetic  acid containing  one  drop  of  ferric  chloride  solution.  This was 

underplayed with 1ml of concentrated sulphuric acid. A  brown ring at  the  interface  indicated  a  

deoxysugar  characteristics  of cardenolides  which  confirms  a  positive  presence  of  cardenolides. A  

violet-green  ring  appearing  below  the  brown  ring,  in  the  acetic acid  layer, indicates  the positive 

presence  of  glycoside.  

 

2.4.7 Test for Alkaloids:   1ml  of  each extract  was  stirred  with  5ml  of  1%  aqueous  HCl  on  a 

steam  bath  and  filtered  while  hot.  Distilled  water  was  added  to  the residue  and  1ml  of  the  

filtrate  was  treated  with  a  few  drops  of Wagner’s  reagent  (solution  of  iodine  in  Potassium  

iodide). The formation of a cream colour gave a positive test for alkaloids.  

 

2.4.8 Test for Chalcones: 2ml of ammonia solution was added to 5ml of watermelon extracts.  

Formation of a reddish color confirmed presence of chalcones.  

 

2.4.9 Test for Phenol: 5ml of each extract was pipetted into a 30ml test tube, then 10ml of distilled water 

was added. 2ml of ammonium hydroxide solution and 5ml of  concentrated  amyl  alcohol  were  also  

added  and  left  to react  for  30min.  Development of bluish -green color was taken as a positive 

presence of phenol.  

 

2.5 Quantitative phytochemical analysis 

2.5.1 Determination of total alkaloids:  It was carried out according to the method of Harborne, (1973).  

5g each of watermelon sample (pulp, rind, and seed)   was weighed  into a 250ml  beaker and 200ml of 

10%  acetic  acid  in  ethanol  was  added  and  covered  and  allowed  to stand  for  4hours.  This  was  

filtered  and  the  extract  was  concentrated  on a  water  bath  to  one-quarter  of  the  original  volume.  

Concentrated ammonium  hydroxide was added  drop  wise  to  the  extract  until  the precipitation  was  

complete.  The whole solution was allowed to settle and the precipitate was collected and washed with 

dilute ammonium hydroxide and then filtered. The residue was the alkaloid, which was dried and 

weighed. 

 

2.5.2 Determination of total saponins:  It was carried out according to the method of Obdoni et al; 

(2001). 20g of each watermelon sample (pulp, rind, and seed) was put into a conical flask and 100cm3 of 

20% aqueous ethanol was added. The samples were heated over a hot water bath for 4 hours with 

continuous stirring at about 55°C. The mixture was filtered and the residue was re-extracted with another 

200ml of 20% ethanol. The combined extracts were reduced to 40 ml over water bath at about 90°C. The 

concentrate was transferred into a 250 ml separator funnel and 20 ml of diethyl ether was added and 

shaken vigorously. The aqueous layer was recovered while the ether layer was discarded.  The 

purification process was repeated. 60 ml of n-butanol was added. The combined n-butanol extracts were 

washed twice with 10 ml of 5% aqueous sodium chloride. The remaining solution was heated in a water 

bath. After evaporation the samples were dried in the oven to a constant weight and the saponin content 

was calculated. 

 

2.6 Mineral composition analysis. 

Standard preparation: Standard solutions were prepared before metal concentrations were determined 

and were used to eliminate sample standard matrix indifferences. They were also used to calibrate the 

AAS instrument for all the analytes and also to prepare their calibration curves one after the other using 

C1V1=C2V2 from the stock solution.  

Digestion: The digestion process was carried out by using the method of Sharma et al; (2009). 1.0g of 

each of the watermelon fruit sample was weighed and transferred into a separate 50ml conical flask. 

10.0ml of Concentrated HOCl3 and HNO3 (1: 3) was added to it and heated to about 115oc for about 90 

minutes until it gave a clear solution. The solution was allowed to cool and filtered before it was made up 

to the mark of 25.0ml of volumetric flask. Blank was also prepared in the same way but the sample was 
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replaced with distilled water. Lanthanum was added to these solutions to prevent potential anionic 

inference. The absorbance was read at 690nm using Atomic Absorption Spectrophotometer (AAS). 

 

3.0 Results 

Table 1. Total phenol, total flavonoid, ABTS, and FRAP of aqueous extracts of watermelon fruit (pulp, 

seed & rind). 

Sample Total Phenol 

(mgGAE/100g) 

Total Flavonoid 

(mgQE/100g) 

ABTS 

(mmol/TEAC/100g) 

FRAP 

(mmolAAE/g) 

 

Watermelon 

Pulp 

 

0.30 ± 0.07 

 

5.07 ± 0.71 

 

32.14 ± 2.16 

 

0.81 ± 0.06 

 

Watermelon 

Seed 

 

4.50 ± 1.17 

 

8.29 ± 2.06 

 

11.4 ± 4.63 

 

1.04 ± 0.01 

 

Watermelon 

Rind 

 

0.56 ± 0.13 

 

4.71 ± 1.36  

 

5. 36 ± 2.12 

 

0.97 ± 0.09 

Values represent means ± standard deviation of triplicate readings. 

GAE = Gallic Acid Equivalent 

QE = Quercetin Equivalent 

AAE = Ascorbic Acid Equivalent 

TEAC = Trolox Equivalent Antioxidant Capacity 

Table 2.  1,1-diphenyl-picrylhydrazyl (DPPH) radicals scavenging abilities of the aqueous extracts of 

watermelon fruit (pulp, seed & rind). 

Assay Watermelon Pulp Watermelon Seed Watermelon Rind 

DPPH 

(mgMAE/ml) 

 

     59.37 ± 4.77 

 

       51.59 ± 7.86 

 

      49. 77 ± 3.04 

Values represent means ± standard deviation of triplicate readings. 

 

Table 3. Mineral composition results. 

 
Sample  Ca  

(mg/l)  

Mg (mg/l) K (mg/l) Na 

(mg/l) 

Mn 

(mg/l) 

Fe (mg/l) Cu 

(mg/l) 

P (mg/l) Zn 

(mg/l) 

W. Pulp 1110.75 1520.15 13757 1205.5 5.65 81.75 6.20 150.50 22.15 

W. Seed 190.15 1900.55 6053 902.00 19.55 60.05 17.1 234.75 36.4 

W. Rind 2157.9 2757.50 32625 2119 22.45 104.25 6.00 136.31 32.9 

Values represent means ± standard deviation of triplicate readings. 

W= Watermelon 

 

 

 

 

 

 

Table 4. Qualitative phytochemical screening of the aqueous extracts of watermelon fruit (pulp, seed & 

rind). 

Phytochemical 

Assay 

Watermelon Pulp  Watermelon Seed  Watermelon Rind 

Saponin             +ve             +ve          +ve 

Tannin             -ve             -ve           -ve 
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Alkaloid             +ve             +ve           +ve 

Cardiac glycoside 

& Cardinocides 

  

            +ve 

 

            +ve 

 

          +ve 

Steroids             +ve             +ve           -ve 

Terpenoids             +ve             +ve           +ve 

Flavonoid             +ve              +ve           +ve 

Phenol             +ve              -ve           +ve 

Chalcone             -ve             -ve           -ve 

+ve = Present 

-ve = Not present 

 

Table 5. Quantitative phytochemical screening of the aqueous extracts of watermelon fruit (pulp, seed & 

rind). 

Phytochemical Assay Watermelon Pulp  Watermelon Seed Watermelon Rind 

Total saponin (%) 1.39 0.90 1.80 

Total Alkaloid (%) 0.80 0.81 0.22 

 

4.0 Discussion 

Overproduction of oxidants (reactive oxygen species and reactive nitrogen species) in the human body is 

responsible for the pathogenesis of some diseases. The scavenging effects of these oxidants are thought to 

be an effective measure to depress the level of oxidative stress of organisms (Wang et al., 2013). The 

neglected parts (seed and rind) of the watermelon fruit exhibited significant higher antioxidant abilities 

than the usual consumed part (pulp) and it has been reported by Deng et al; (2012) that fruits and 

vegetables that are rich in antioxidants have health benefits due to important role they play in the 

prevention and management of chronic diseases caused by oxidative stress. They are also the basis of 

other bioactivities and health benefits, such as anti-inflammatory action, anti-cancer, anti-aging, and 

protective action for cardiovascular diseases, diabetes mellitus, obesity and neurodegenerative diseases. 

Oxidative stress has been implicated as one of the culprits in the pathogenesis of neurodegenerative 

diseases ensuing atrophy of neurons and degeneration of the brain tissue (Oboh et al., 2012). Neuronal 

cells and sensitive organs in the body are to be protected against exacerbating effects of free radicals and 

reactive oxygen species because once the cells and organs are damaged, they can hardly be regenerated. 

Therefore, augmenting the body’s antioxidant status through dietary means could be a practical and 

economical means of attenuating oxidative stress (Deng et al., 2012). This present study revealed that 

watermelon seed and watermelon rind extracts had higher scavenging abilities than watermelon pulp 

extracts, which could mop up free radicals that may initiate processes leading to several chronic and 

degenerative diseases. The study also correlated with the submission reported by Mohd Khairul Amran 

Mohammad et al; (2014), that watermelon juice possessed nutritional and medicinal benefits in 

modulating the oxidative damage induced by low dose X-ray exposure in terms of suppressing the level 

of malondialdehyde (MDA) while enhancing the levels of superoxide dismutase (SOD) and glutathione 

(GSH) activities in mice.  

 

The neglected parts (seed and rind) may have protective roles against chronic diseases due to the presence 

of some bioactive compounds such as saponin, alkaloids, flavonoids, cardiac glycoside & cardinocides, 

terpenoids, and phenols. In medicine alkaloid-containing plants, e.g quinines are used as antimalarial 

drugs, reserpines are used as antihypertensive drugs, morphines are used as analgesic drugs, etc. 

(Manfred, 2002). This present study is in line with the previous study reported by Gill et al; (2011), he 

documented the presence of alkaloids, steroids, terpenoids, and flavonoids in the methanolic and 

hydromethanolic extracts of watermelon seed extracts. Clinical studies had investigated the relationship 

between flavonoid consumption and cancer prevention, the studies revealed that dietary flavonoid intake 

can be associated with reduced gastric carcinoma risk in women and reduced aero-digestive tract cancer 

risk in smokers. (Gonzalez et al., 2013 and Woo et al., 2013). Bhattacharya et al; (2010) reported that 

fruits or plants that contain phenol can act as protective agents and inhibitors against toxins that could 

cause cell damage in the body. Active compound like saponin and alkaloids have been discovered to be 
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very potent against clinical pathogens such as Escherichia coli, Salmonella typhi and Staph aureus 

(Ajibade and Falegan, 2007).  

 

Micronutrients and macronutrients are essential nutrients required by the body in small and large 

quantities respectively throughout life to orchestrate a range of physiological function to maintain good 

health. (Gernad et al., 2016 and Tucker, 2016). The watermelon seed and rind exhibited much mineral 

compositions which make them essential as part of watermelon fruit. In this study, potassium was the 

most abundant mineral in the watermelon fruit with watermelon rind having the highest potassium 

content (32625mg/l) and watermelon pulp having higher potassium content (32625mg/l) than watermelon 

seed (6053mg/l). The neglected parts of the watermelon fruit (seed and rind) exhibited significant mineral 

compositions which make them essential dietary mineral sources. Aburto et al; (2013) and D’Elia et al; 

(2011) reported that diets low in potassium increase risk of hypertension, stroke and cardiovascular 

disease. Nabila et al; (2013) also reported that a severe shortage of potassium in the body fluids may 

cause a potentially fatal condition known as hypokalemia, which results from loss of potassium through 

diarrhea, dieresis and vomiting, this may lead to muscle weakness and cramps, respiratory paralysis, and 

paralytic ileus. 

 

5.0 Conclusion 

The study has been able to reveal the bioactive compounds that are present in the watermelon whole fruit 

(pulp, seed and rind) which may be responsible for their potencies in prevention and management of some 

chronic and degenerative diseases caused by oxidative stress. The neglected parts (seed and rind) 

exhibited significant antioxidant potentials which may inhibit overproduction of oxidants involved in the 

pathogenesis of many chronic diseases. 

 
References 

1. Aburto NJ, Hanson S, Gutierrez H, Hooper L, Elliott P, Cappuccio FP (2013). "Effect of increased potassium 

intake on cardiovascular risk factors and disease: systematic review and meta-analyses". BMJ. 346: f1378. 

doi:10.1136/bmj.f1378.  

2. Ajibade, V. A and Falegan, C. R, (2007). Antibacterial effect of acetone and aqueous extract of Phyllanthus 

niruri on Escherichia coli. J. Sci. Engr. Tech 14 (1): 7188-7197 

3. Bhattacharya A; et al (2010). Review: The roles of plant phenolics in defence and communication during 

agrobacterium and rhixobium infection. Mol Plant Pathol. 11 (5): 705-19. Doi:10.1111/j.1364-3703.2010.00625 

4. Braide W., Odiong, I. J. and Oranusi S. (2012). Phytochemical and Antibacterial properties of the seed of 

watermelon (Citrullus lanatus). Prime Journal of Microbiology Research, 2(3), 99-104. 

5. D'Elia L, Barba G, Cappuccio FP, Strazzullo P (2011). "Potassium intake, stroke, and cardiovascular disease a 

meta-analysis of prospective studies". J. Am. Coll. Cardiol. 57 (10): 1210–9. doi:10.1016/j.jacc.2010.09.070. 

PMID 21371638 

6. Deng, G.F.; Xu, X.R.; Guo, Y.J.; Xia, E.Q.; Li, S.; Wu, S.; Chen, F.; Ling, W.H.; Li, H.B. (2012). 

Determination of antioxidant property and their lipophilic and hydrophilic phenolic contents in cereal grains. J. 

Funct. Food., 4, 906–914. 

7. Gernand, A. D; Schulze, K. J; Stewart, C. P; West Jr, K. P; Christian, P (2016). "Micronutrient deficiencies in 

pregnancy worldwide: Health effects and prevention". Nature Reviews Endocrinology. 12 (5): 274–289. 

doi:10.1038/nrendo.2016.37.  

8. Gill NS, Supreet K, Arora R, Bali M. (2011). Screening of antioxydant and antiulcer potential of Citrullus 

colocynthis seed extract. Res J Phytochem.;5:98–110. 

9. Gonzalez CA, Sala N, Rokkas T (2013).  Gastric cancer epidemiologic aspects. Ahelicobacter 18 (supplement): 

34-38 doi: 10.1111/hel.12082 

10. Gyamfi, M.A., Yonamine, M. and Aniya, Y. (1999). Free-radical scavenging action of medicinal herbs from 

Ghana Thonningia sanguinea on experimentally-induced liver injuries. Gen. Pharmacol. 32,661–667. 

11. Harborne, J.B (1973): Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis. Chapman A 

&Hall.London. Pp 279.  

12. Johnson, J.T., Iwang, E.U., Hemen, J.T., Odey, M.O., Efiong, E.E., Eteng, O.F., (2012). Evaluation of anti-

nutrient content of watermelon Citrullus lanatus. Annals of Biological Research 3, 5145-5150. 

13. Manfred (2002), Alkaloids: nature’s curse or blessing ? wiley-VCH ISBN 978-3-906390-24-6 



F. A. Dada; Evaluation of Bioactive Components, Antioxidant Potentials, And Mineral Composition of Aqueous Extracts of 

Watermelon Pulp, Seed, & Rind (Citrallus Lanatus) 

23 

 

14. Meda A., Lamien C.E., Romito M., Millogo and Nacoulma O.G. (2005). Determination of the total phenolic, 

flavonoid and proline contents in Burkina Fasan honey, as well as their radical scavenging activity. Food 

Chemistry; 91: 571 – 7 

15. Mohd Khairul Amran Mohammad, Muhamad Idham Mohamed,  Ainul Mardhiyah Zakaria, Hairil Rashmizal 

Abdul Razak,  and Wan Mazlina Md. Saad (2014): Watermelon (Citrullus lanatus (Thunb.) Matsum. and Nakai) 

Juice Modulates Oxidative Damage Induced by Low Dose X-Ray in Mice. Biomed Res Int. 

doi:10.1155/2014/512834 PMCID: PMC4020559 PMID: 24877107 

16. Munisse, P., Andersen, S.B., Jensen, B.D., Christiansen, J.L., (2011). Diversity of landraces, agricultural 

practices and traditional uses of watermelon (Citrullus lanatus) in Mozambique. African Journal of Plant 

Science 5, 75-86. 

17. Nabila Benariba,Rabeh Djaziri, Wafaa Bellakhdar, Nacera Belkacem, Marcel Kadiata, Willy J. Malaisse, and 

Abdullah Sener. (2013). Phytochemical screening and free radical scavenging activity of Citrullus colocynthis 

seeds extracts. Asian Pac J Trop Biomed. Jan; 3(1): 35–40 doi:  10.1016/S2221-1691(13)60020-9  

18. Oboh G, Agunloye O, Akinyemi A, Ademiluyi AO, Adefegha SA. (2012). Comparative study on the inhibitory 

effect of caffeic and chlorogenic acids on key enzymes linked to Alzheimer's disease and some pro-oxidant 

induced oxidative stress in rat's brain in-vitro. Neurochemistry Research; doi: 10.1007/s11064-012-0935-6. 

19. Okonmah, L. U., Agbogidi, O. M. and Nwagu, O. K. (2011). Evaluation of four varieties of watermelon 

(critrullus lanatus thumb) in Asaba agro-ecological environment. International Journal of Advanced Biological 

Research. 1(1), 126-130. 

20. Oyeleke, G. O. 1, Olagunju, E.O. and Ojo, A: (2012) Functional and Physicochemical Properties of Watermelon 

(Citrullus Lanatus) Seed and Seed-Oil. Journal of Applied Chemistry, 2(2), 29-31. 

21. Oyiazu M. Studies on products of browning reaction: antioxidative activity of products of browning reaction 

prepared from glucosamine. Jpn J Nutri. 1986;44:307-315. 

22. Re R., Pellegrini N., Proteggente A., Pannala A., Yang M., Rice-Evans C. (1999). Antioxidant activity applying 

an improved ABTS radical cation decolorization assay. Free radical in Biology and Medicine; 26: 1231-1237. 

23. Sharma R.K.and Sangha S.P.S (2009). Basic techniques in biochemistry and molecular biology. I.K. Internatioal 

publishing house . New Delhi 

24. Shimotsuma, M., (1963). Cytogenetical studies in the genus Citrullus VII. Inheritance of several characters in 

watermelons. Japanese Journal of Genetics 13, 235- 240. 

25. Singleton, V.L., Orthofer, R. and Lamuela-Raventos, R.M. (1999). Analysis of total phenols and other oxidation 

substrates and antioxidants by means of Folin–Ciocalteau’s reagent. Methods Enzymol. 299,152–178. 

26. Sofowora A (1993): Medicinal Plants and Traditional Medicines in Africa. Chichester  John Willey & Sons New 

York. Pp.256.  

27. Trease, G.E and Evans, W.C (1989): A Text-book of Pharmacognosy. Bailliere Tindall Ltd, London; Pp.53  

28. Tucker, K. L (2016). "Nutrient intake, nutritional status, and cognitive function with aging". Annals of the New 

York Academy of Sciences. 1367 (1): 38–49. doi:10.1111/nyas.13062. PMID 27116240. 

29. Wang, L.F.; Chen, J.Y.; Xie, H.H.; Ju, X.R.; Liu, R.H. (2013). Phytochemical profiles and antioxidant activity 

of adlay varieties. J. Agric. Food Chem., 61, 5103–5113. 

30. Woo HD, Kim J (2013).  Dietary flavonoid intake and smoking-related cancer isk: a meta-analysis. Doi: 

10.1371/journal.pone.0075604 

 

 


