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ABSTRACT 

This research work investigated the proximate, minerals and protein functional properties of 

Citrullus lanatus seed flour. The Proximate analysis was carried out using the method 

recommended by AOAC, 2000. The Atomic Absorption Spectroscopy (AAS) VG BULK 211 

model was used to determine the mineral contents of the seed flour. The functional properties 

such as oil absorption capacity, water absorption capacity, bulk density, foam capacity and foam 

stability were determined using standard analytical methods. The proximate composition of 

C.lanatus seed flour for moisture, protein, crude fibre, fat, ash and carbohydrate were: 7.80, 

37.36, 22.33, 23.00, 4.70 and 4.81% respectively. Protein has the highest percentage composition 

(37.36%) while the ash content has the least (4.70 %).The results of mineral composition showed 

that the seed flour contained in (mg/100g); Fe (125.55) Na (3.60) K (21.60), Ca (4.83), Mg 

(4.83), Zn (2.95) and Cu (57.20) respectively. The most abundant mineral in seed flour was Fe 

(125.55 mg/100g) and the least mineral was Zn (2.95 mg/100g).The study showed that the seed 

flour contained appreciable amount of essential minerals for body metabolism. The results for 

protein functional properties were: oil absorption capacities (21.50), water absorption capacity 

(8.66%), Bulk density (0.146 g/ml), foaming capacity (11.54%) and foaming stability (3.85%) 

respectively. This further suggested that seed flour has high nutritional values and may be used 

as food supplements for both domestic and industrial purposes. 
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INTRODUCTION 

Humans, since ancient times have depended directly or indirectly on plants to fix different 

pathologies; the developments in space of sustenance during the past years have shown 

importance of several edible herbs (Hammed et al., 2008).According to the World Health 

Organization (WHO), more than three-fourths of the networks in asset constrained nations rely 

on restorative plants for their basic medicinal needs as over 60% of the social orders cannot 

approach and afford the cost of allopathic medications (WHO, 2008). Pathological and 

epidemiological tests have clearly shown that the adoption and use of plant-determined 

nourishments rich in bioactive phytochemicals has a defensive impact in preventing or reducing 
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                                               Fig.1: Watermelon seeds 

oxidative stress (Librandi et al., 2007; Ovaskainen et al., 2008). The bioactive phytochemicals in 

this way reduce drastically the risks of constant infections, cardiovascular sickness, malignant 

growth, and degenerative illnesses of the maturing body cells (Keservani et al., 

2010).Watermelon (C.lanatus)is a typical fruit that belongs to the family of Crucurbitaceae. The 

seeds have been shown to an extent, to be a highly nutritive and beneficial to humans. However, 

the seeds in Nigeria and other parts of the world have generally been regarded as wastes and 

hence, the full potential has not been fully investigated. The evaluation and analysis of these less 

and non-regarded seeds, is therefore of great importance as there are little or no information on 

its full optimization, since larger part of them are yearly disposed as wastes. Thus, this study is 

focused on the nutritive composition of watermelon seeds for both domestic and industrial 

applications. 

 

MATERIALS AND METHODS 

 

Collection of samples 

Watermelon fruits were bought from Owode market in Ede South local Government Area of 

Osun State The seeds were carefully removed from pods, thoroughly washed, sun-dried, ground 

into powder and kept in an air-tight container prior to analysis.  All analytical grade reagents and 

apparatus used were obtained from the Chemistry laboratory, Faculty of Science, Adeleke 

University, Ede. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Moisture content determination 

5g of the samples was weighed into the silica dish. The silica dish and the content placed in the 

oven at 105°C for 3 hours. It was cooled in the desiccators at room temperature. The content 

with the container was weighed and later placed back in the oven for another 24 hours to ensure 
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complete drying. The cooling process in the desiccators was repeated before taking the final 

weight. This was done in triplicate until constant weight was obtained. 

 

Ash content determination 

2.0g of the samples was samples was weighed and placed in the Petri dish. The sample was 

placed in the furnace at 550°C for 5 hours. The sample was then allowed to cool in the 

desiccators. It was repeated until the constant weight was obtained (AOAC, 2000). The result 

was presented as percentage of dry matter. 

 

Crude fibre determination  

2.0g of the sample was weighed into a 1.0 litre capacity beaker. 200ml of 1.25% (0.26N) 

sulphuric acid was added and allowed to boil gently for 30 min while maintaining the volume by 

gradually balancing the content with the pipette filler. It was filtered through the Buckner funnel 

and rinsed with hot deionised water. The material was scrapped back into the flask with the 

spatula and 200ml of 0.23N potassium hydroxide, KOH was added. This was allowed to boil 

gently for 30 minutes using the pipette filler to maintain the volume during the reaction. It was 

later filtered through the Buckner funnel. The residue was then washed with hot deionised water. 

The water was then dried in oven overnight at 105°C. It was transferred into the desiccators to 

cool before weighing.  

% Crude Fibre = 
𝑊1−𝑊2

𝑊0
 

Where: 

W0 = weight of the sample 

W1 = Weight of the sample out of desiccator after oven dried at 110°C 

W2 = Weight of the sample after ashing in the furnace at 550°C 

 

Fat content determination 

250ml capacity extracting flask was dried in the oven at 105°C, transferred into the desiccator for 

cooling and the weight of the flask measured. 0.25g of the sample was weighed in to the labelled 

porous thimble. 200ml of the petroleum ether was measured and then added to the dried 250 ml 

capacity flask. The covered porous thimble with the sample was placed in the Soxhlet extractor. 

The sample was extracted for 5 hours. The porous thimble was removed with care and the 

petroleum ether collected for reuse. The petroleum ether free extraction flask was removed from 

the heating mantle The extraction flask with the oil was oven dried at 105°C for the period of one 

1 hour. The flask containing the dried oil was cooled in a desiccator and the weight taken. . 

 

Carbohydrate content determination 

The carbohydrate content was determined by difference i.e. (100- moisture, Ash, crude fibre, Fat 

content and protein content) %.  

 

Protein content determination 

The crude protein contents of the samples were determined using the micro Kjeldahl apparatus as 

described by AOAC (2006). 2g of seed flour was placed in a Kjeldahl flask and 30 ml 

concentrated sulphuric acid were added followed by the addition of 10 g potassium sulphate and 

1 g copper sulphate. The mixture was gently heated for few minutes until frothing ceased; the 

heat was increased and the sample allowed digesting for 3 hours. The digest was allowed to cool 

and diluted with distilled water (washing )the digestion flask) up to 100 ml.10 ml of the dilute 
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digest was pipette into a distillation flask and 10ml of 40% (w/v) sodium hydroxide added. The 

mixture was distilled and the liberated ammonia collected in 10 ml of 2% boric acid containing 

indicator. This was titrated with  0.01 N HCl to grey colour end point. A blank was also prepared 

without a sample and treated as above. The amount of crude protein was then calculated by 

multiplying percentage nitrogen in the digest by the conversion factor (6.25) . 

 

%N = (a-b) ×0.01×14×v x100/1  

        W×C 
 

Bulk density 

The Bulk density was determined using the method of Narayana and Rao (1984). A weighed 

centrifuge tube of 10ml was filled with 10g of cashew kernel flour and the weight was recorded. 

This was subjected to a constant tapping with subsequent addition of the flour until no further 

change in volume was observed and then final weight was taken. The difference in weight was 

used to calculate the bulk density of the samples.  

 

𝐵𝑢𝑙𝑘𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = 
𝑊𝑒𝑖𝑔 𝑡𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑉𝑜𝑙𝑢𝑚𝑒
 

Where Y = Final weight of sample and tube and X = Initial weight of sample and tube.  

Where Y = Final weight of sample and tube and X = Initial weight of sample and tube. 

 

Water Absorption Capacity 

Water absorption capacity of both samples was determined using Sosulski (1979) method. 1.0 g 

of watermelon seed flour was stirred into 10ml of distilled water in a centrifuge tube, after which 

the suspension was allowed to stand for 10 min and then centrifuged for 25 min at 2,500 rpm. 

The clear supernatant was decanted into a measuring cylinder and the adhering drops of water 

were removed by inverting the tube and the tube was weighed. The weight of water absorbed by 

1.0g of flour was calculated and expressed as water absorption capacity.  

 

𝑊𝑎𝑡𝑒𝑟𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) = 
𝑓𝑖𝑛𝑎𝑙𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑌−𝑋

𝑋
 × 100 

 

Oil Absorption Capacity 

The method of Lin et al., (1974) was used in the determination of fat absorption capacity. One 

gram of the watermelon seed flour was added to 10ml of groundnut oil in a centrifuged tube, 

stirred together and allowed to stand for 30 min at room temperature (30 ±2
o
C). The sample was 

centrifuged at 3,000 rpm for 30 min. The clear supernatant was decanted into a measuring 

cylinder, the adhering oil was removed by inverting the tube and the tube was weighed.  

 

% 𝐹𝑎𝑡𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = 
𝑌−𝑋

𝑋
 × 100 

Where Y = Final weight of sample and tube and X = Initial weight of sample and tube. 

 

Foam Capacity and Foam Stability 

Foam Capacity and Foam Stability were determined by the method of Narayana and Narasinga 

(1984) with some slight modifications. 1.0g of the sample was added to 50ml distilled water in a 

graduated cylinder at room temperature and the solution was shaken thoroughly for about 
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5minutes to foam. The volume of foam at 30 seconds after whipping was expressed in 

percentage as foam capacity using the formula: 

 

% Foam Capacity = 
𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑓𝑜𝑎𝑚𝑎𝑓𝑡𝑒𝑟𝑤 𝑖𝑝𝑝𝑖𝑛𝑔 −𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓𝑓𝑜𝑎𝑚𝑏𝑒𝑓𝑜𝑟𝑒𝑤 𝑖𝑝𝑝𝑖𝑛𝑔

𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑓𝑜𝑎𝑚𝑏𝑒𝑓𝑜𝑟𝑒𝑤 𝑖𝑝𝑝𝑖𝑛𝑔
 × 100 The foam 

stability was recorded as the volume of foam after the whipped sample was allowed to stand for 

an hour and is expressed as: 

 

% Foam Stability = 
𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑓𝑜𝑎𝑚𝑎𝑓𝑡𝑒𝑟𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔  −𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑓𝑜𝑎𝑚𝑏𝑒𝑓𝑜𝑟𝑒𝑤 𝑖𝑝𝑝𝑖𝑛𝑔

𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓𝑓𝑜𝑎𝑚𝑏𝑒𝑓𝑜𝑟𝑒𝑤 𝑖𝑝𝑝𝑖𝑛𝑔
 × 100 

 

 

RESULTS AND DISCUSSION 

 

TABLE 1: Proximate Analysis of Watermelon Seed 

 

Nutritional Component Composition (%) 

Moisture Content 7.80±1.92 

Ash Content 4.70±1.15 

Protein Content 37.36±0.07 

Crude Fibre 22.33±2.51 

Fat Content 23.00±1.41 

Carbohydrate 4.81 

Values are mean ± standard deviation of triplicate determination 

 

 

TABLE 2: Mineral Composition of watermelon Seed flour 
 

Metal Concentration (mg/100g) 

Sodium, Na 3.60 

Calcium, Ca 4.83 

Potassium, K 21.60 

Zinc, Zn 2.95 

Iron, Fe 125.55 

 Magnesium, Mg 44.83 

Copper, Cu 57.20 
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TABLE 3: Protein functional properties of seed flour 
 

Functional Property Amount(%) 

Water Absorption Capacity (%) 8.66 

Oil Absorption Capacity (%) 21.50 

Bulk Density (g/ml) 0.146 

Foam Capacity (%) 11.54 

Foam Stability (%) 3.85 

 

 

Table 1 presented the proximate composition of Watermelon Seed. The percentage moisture 

content of the seed flour was 6.67%. This value was a bit higher than 5.98% reported for 

watermelon seed flour (Falade et al. 2019) and lower than 8.0% reported for Tamarindus indica 

seed flour (Adeleke et al,2021). This indicates the seed will have a long shelf life and hence, 

cannot easily spoil during storage. The ash content (4.70 %) was in close range with the 4.5% 

reported for watermelon by Musaida et al., 2016. However, it was significantly higher than 

2.98% reported for Citrullus colocynthis seed flour (Falade et al., 2019). Since the ash content is 

a measure of the amount of minerals, the results obtained implies that watermelon seed is richer 

in minerals than normal melon seed. The seed flour had a fat content of 23.00%. This was in 

close range with 23.50% reported by Shayo (1992) and 26.6% for melon (‘egusi’) seed flour 

(Kamel et al.1985).Considering the relatively high content of fat, it can be suggested that the 

seed flour can serve as a good source of energy for metabolic activities in the body. 

 

The protein content was found to be the highest with a percentage composition of 37.36%. 

However, this value was lower than 31.06% reported for Hura crepitan seed flour (Olatidoye et 

al, 2010). This indicated that the seed flour will serve as a very good source of protein and 

regular consumption will help to build individual’s cells and health. The crude fibre content was 

22.33%.This value was extremely lower than 35.85% reported for Monodora myristica seed 

flour (Adeleke et al, 2020).However, this value was significantly higher than 7.36% for Hura 

crepitan seed flour (Olatidoye et al, 2010). The carbohydrate content was 4.81%.However, this 

value was lower than 8.05% reported for Monodora myristica seed flour (Adeleke et al., 

2020).The low carbohydrate content in this study might be due to its high fat content. 

 

Table 2 presented the minerals composition of the seed flour. The minerals are known to play 

vital roles in both plants and animals (Schwartz, 2007) and they were accumulated in different 

amount in the seeds. They serve as co-factors for many physiological and metabolic functions. 

The least abundant minerals was Zn (2.95 mg/100g). Iron was found to be the most abundant 

mineral (125.55mg/100g) in the watermelon seed flour.  Iron is part of a molecule (haemoglobin) 

found in red blood cells that carries oxygen in the body; needed for energy metabolism. 

However, the value in this study was significantly higher than 13.70 reported for Monodora 

myristica seed flour (Adeleke et al., 2020). Magnesium is found in bones and needed for making 

protein, muscle contraction, nerve transmission and helps the immune system health. Copper is 
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part of many enzymes needed for iron metabolism. The value 44.80mg/100g reported in this 

study was higher than 35.92mg/100g reported for Hura crepitan seed flour flour (Olatidoye et 

al.,2010). The mean value of potassium (21.60mg/100g) was significantly lower than 

353.mg/100g reported for Monodora myristica seed flour (Olatidoye et al., 2010).Sodium plays 

crucial roles in maintaining body fluid volume, osmotic equilibrium and acid-base balance. 

However, the value 3.60mg/100g reported in this study was signifantly lower than 71.94mg/100g 

for Hura crepitan seed flour flour (Olatidoye et al., 2010) and 1264.19mg/100g for M. myristica 

seed flour (Adeleke et al,2020). The ratio of Na/K in the body is of great concern for prevention 

of high blood pressure. Na/K ratio was less than 1 is recommended. (Nierman et al., 1992).This 

clearly suggested that water melon seed flour will reduce high blood pressure since Na/K ratio 

was below 1. 

 

Table 3 presented the protein functional properties of watermelon seed flour. The bulk density of 

the seed flour was 0.146%. This was in agreement with Emelike et al. (2015) which reported the 

bulk density of defatted and undefeated cashew flour as 0.1% and 0.2% respectively. However, 

the value reported in this study was lower than 0.83+0.01 reported for wheat flour (Anne et al., 

2020). 

 

The bulk density is important in determining the packaging material handling and application in 

processing in food industry (Chukwu et al., 2018).Low bulk density is a desirable factor in food 

formulation most especially food with less retrodegration. (Oladele and Aina, 2009).However 

high bulk density is a good physical attribute ln determining the mixing quality of a particular 

matter (Chukwu et al., 2018). 

 

The oil absorption capacity 21.50% reported in this study was in close range with 20.00%, 

Emelike et al., (2015 for defatted cashew flour. However, this value was significantly lower than 

115.50% reported for Entanda giogas seed flour (Adeleke et al, 2010).Hence, the watermelon 

seed flour can be substituted for cashew seed flour during some processing activities. 

 

The good foaming capacity is desirable factor in the production of baked goods such as cookies, 

muffins etc. It also serves as functional agents in other food formulations.(EL-Adawi and 

Taha.2001:,Chukwu et al,2018) The percentage foam capacity (11.54%) in this study was in 

close range with 11.59% reported for wheat flour (Anne et al, 2020). The stability was 3.85% , 

which shows the seed flour does not have a really good foaming property. 

 

CONCLUSION 
The study concludes that the watermelon seed has a remarkable amount of protein, fat and fibre, 

hence, will serve as a good source for building body cells, energy source and aiding digestion in 

human. The seed can also serve as a compliment with other flours for making bakery products 

and some baby foods due to it absorption capacities and bulk density. It is also a good source of 

essential trace elements such as sodium, calcium, potassium, iron, magnesium and copper. 

Therefore, frequent consumption of the seeds will contribute to the health of an individual. 
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