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Abstract 
This study was designed to bridge gap in nutritionally skewed available bis-
cuits and the high volume of agricultural waste generated by investigating the 
quality of biscuits prepared from wheat base, supplemented with waste from 
watermelon rinds and orange pomace as possible nutritious alternatives. Bis-
cuit samples were respectively produced from blends of wheat, watermelon 
rind and orange pomace in the following ratio 100:0:0; 90:5:5; 80:10:10; 
70:15:15 and 60:20:20, labelled samples A, B, C, D and E. Functional, proxi-
mate, mineral and sensory properties of the formulated biscuit samples were 
carried out using standard analytical procedures. The results showed that 
proximate composition of samples B - E significantly increased (p < 0.05) ex-
cept for carbohydrate content when compared with sample A used as control. 
There were also significant increases (p < 0.05) in mineral contents of sup-
plemented samples compared to control. The result of the sensory evaluation 
showed that wheat flour can be substituted with watermelon rind and orange 
pomace flours up to 10% without adversely affecting the overall quality at-
tributes of the biscuits. These results indicate the robustness of food value ad-
dition as an effective means of improving nutritional quality of biscuits while 
contributing to waste management in the agricultural value chain. 
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1. Introduction 

Recent estimates put Nigeria’s biscuit consumption at about five hundred metric 
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tons annually, which is mainly derived from wheat flour. Additionally, 25% - 
30% of waste produced from the processing of fruits and vegetables is in the 
form of pomace, peels, and seeds [1] and is grossly underutilized [2]. However, 
these by-products are important sources of sugars, minerals, organic acids, fibre, 
and phenolic compounds that have a wide range of nutritional sensory qualities [3].  

Many fruits including watermelon (Citrillus lanatus) and oranges (Citrus 
sinensis) are only consumed in part with the fleshy portions of eaten raw proc-
essed into juice while the rinds, seeds and pomace are often thrown away. Dur-
ing orange juice production for instance, only around half of the fresh orange 
weight is transformed into juice [4], generating huge amounts of residues (peel, 
pulp, seeds) known as orange pomace which is rich in nutrients and fibre. This 
high volume of waste is in most cases, spread on soil in areas adjacent to the 
production site for use as a raw material in animal feeds or just burnt away. The 
latter method of waste handling significantly contributes to environmental pol-
lution with its attendant health hazards. Interestingly, these by-products from 
both watermelon and orange pomace can be used to value-add wheat as com-
posite flour for quality improvement. 

Composite flour refers to the mixture of different concentrations of non-wheat 
flours from cereals, legumes, roots and tubers with wheat flour or can be a mix-
ture of flours other than wheat flour [5]. The concept of using composite flour in 
bakery industry is not particularly new giving that the practice has been the sub-
ject of several studies [6]. Baked foods especially, biscuits are ready to eat foods 
used at home. Biscuits are popular baking products, consumed by a wide range 
of populations, due to their ready-to-eat nature, varied taste, affordability and 
more importantly, the ability to supply instant energy required for activity [7]. 
Because of the advantages that have been derived from these composite flours, 
such as improved fibre content, there is continuous clamour among food scien-
tists to utilize more flours that are obtained from these by-products with the 
commonly known wheat flour in other to reduce waste, improve biscuit nutri-
tional and health benefits and reduce cost of biscuits production since these 
flours are relatively cheaper than the commonly used wheat flour. This study 
was aimed at investigating the nutritional cum functional properties of biscuit 
made from combining underutilized materials of water melon rind and orange 
pomace with wheat base for improved utilization of by-products. 

2. Materials and Methods 
2.1. Sample Collection and Preparation of Flour 

Watermelon rinds and orange pomace were obtained from watermelon (Citrul-
lus lanatus) and orange (Citrus sinensis) fruits purchased from the popular 
Railway Market (also called fruit market) in Makurdi Benue State, Nigeria. The 
watermelon rinds were separated from the fresh and ripe watermelon fruits, cut 
into small pieces with a sharp stainless-steel knife and washed thoroughly with 
distilled water to remove dirt. The cleansed rinds were sliced into smaller sizes 
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for ease of drying. The sliced rinds were oven dried at 50˚C for 24 h to a con-
stant weight, and ground with a blender. The powder was sieved through a 40 
mm mesh sieve, packed in an air tight container and stored till further use. 
Similarly, fresh orange fruits were washed to remove dirt and juice extracted us-
ing juice extractor after which the pomace was obtained. The pomace was dried 
in an oven at 50˚C for 24 h ground, sieved using 40 mm mesh sieve and packed 
in an airtight container till further use. This study was carried out at the Food 
Laboratory, Center for Food Research and Technology, Benue State University, 
Makurdi, between October and November, 2019.  

2.2. Blend Formulation and Preparation of Biscuits 

The blend ratios for the biscuit were formulated using the modified methods 
previously described by Monisha et al. [8]. The wheat flour, watermelon rind 
flour and orange pomace flour were weighed using a digital weighing balance 
and made in the following ratio: 100:0:0 (sample A, regarded as control sample), 
90:5:5 (sample B), 80:10:10 (sample C), 70:15:15 (sample D) and 60:20:20 (sam-
ple E) respectively. Biscuits were produced according to Nwosu and Akubo pro-
tocol [9] by weighing and mixing the ingredients (composite flour, sugar, salt 
and baking powder, milk, egg and water) together until dough was formed. The 
resultant dough was kneaded and rested for about 5 min. The rested dough was 
rolled out into sheets and cut into different shapes, using round biscuit cutters of 
3 cm diameter. The dough was placed on well-greased baking trays and baked 
for 20 minutes in an oven pre-heated to 160˚C, allowed to cool, packaged in high 
density polyethylene bags in an air tight container for analysis.  

2.3. Determination of Proximate Composition 

Proximate analysis was carried out according to standard procedures of AOAC 
[10]. Moisture content was determined in a hot-air circulating oven (Gallenk-
amp, UK). For total ash content, samples of known weights were incinerated at 
550˚C in a muffle furnace (Gallenkamp, UK). Crude fat determination was done 
by completely extracting a known weight sample in petroleum ether while pro-
tein content was determined using the micro Kjeldahl method. The carbohy-
drate content was obtained by difference [11] using the formula: 

( )
% Carbohydrate

100 Moisture Ash Crude protein Crude fat Crude fibre= − + + + +
    (1) 

2.4. Determination of Mineral Composition 

Mineral elements were determined using atomic absorption spectrophotometer 
as described by Shahidi et al. [12]. The samples were ashed in a muffle furnace at 
550˚C and digested using 5 ml HNO3/HCl/H2O (1:2:3). The concentration of 
each element in the sample was calculated as percentage of dry matter.  

Phosphorus content of the digest was determined colorimetrically according 
to the method described by Fila et al. [13]. To 0.5 ml of the diluted digest, 4 ml of 
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demineralised water, 3 ml of 0.75 M H2SO4, 0.4 ml of 10% (NH4)6MO7O24·4H2O 
and 0.4 ml of 2% (w/v) ascorbic acid were added and mixed. The solution was 
allowed to stand for 20 minutes and absorbance reading was recorded at 660 nm.  

2.5. Determination of Functional Properties  
2.5.1. Determination Bulk Density 
Bulk density was determined for each of the formulated samples using the 
method described by Onabanjo and Ighere [14]. The mass of empty 10 ml 
measuring cylinder was weighed. Then, each sample was slowly filled into the l0 
ml measuring cylinder. The bottom of the cylinder was gently tapped on a labo-
ratory bench to a constant volume; the mass of the cylinder with sample was also 
weighed. The bulk density was calculated as mass per unit volume of the sample 
(g/ml): 

( ) 2 1Bulk density g ml
W W

V
−

=                   (2) 

where; 
W1 = weight of empty cylinder (g)  
W2 = weight of cylinder + sample (g) 
V = Volume of cylinder occupied by the sample (ml) 

2.5.2. Determination of Water Absorption Capacity  
Water absorption capacities of the formulated samples were determined using 
the method reported by Adeoyo et al. [15]. One gram (1 g) of the flour sample 
was weighed into conical graduated centrifuge tube of known weight and mixed 
with 10 ml of distilled water and allowed to stand for one minute. The tube was 
centrifuged at 5000 rpm for 30 min. The volume of free water (the supernatant) 
was discarded and the tube with its content was reweighed as water absorbed per 
gram of sample. The gain in mass was the water absorption capacity of the flour 
sample. Absorption capacity was expressed in grams of water absorbed per gram 
of sample. 

Density of water Volume absorbedWAC
Weight of sample

×
=             (3) 

2.5.3. Determination of Oil Absorption Capacity  
Oil absorption capacity (OAC) was determined using the method reported by 
Oyeyinka et al. [16]. One gram of flour sample was mixed with 10 ml of refined 
soybean oil and the mixture was allowed to stand at room temperature for 30 
min and then centrifuged at 2000 g for 30 min. The oil absorption capacity was 
calculated as gram of oil bound per gram flour. 

2.6. Sensory Evaluation 

Sensory evaluation of the biscuits was carried out in a Sensory Evaluation Labo-
ratory under appropriate conditions by a 20-member trained panellist. The 
panel members were trained on the meaning of the sensory descriptors or terms 
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such as general appearance, flavour, colour, taste, texture and overall acceptabil-
ity for biscuits. These selected terms were used during a mock evaluation on a 
9-point Hedonic Scale, with the corresponding descriptive terms ranging from 9 
“like extremely” to 1 “dislike extremely”. The biscuit samples were 3-digit coded 
and served in a randomized order, and tap water was presented to the judges to 
rinse their mouth in between testing [17]. 

2.7. Statistical Analysis 

Data obtained were analysed using analysis of variance (ANOVA) at 95% sig-
nificance level and multiple comparisons with Fisher’s LSD test using IBM SPSS 
20 statistical software. Significance was accepted at p < 0.05. 

3. Results and Discussion 
3.1. Proximate Composition 

The proximate composition of the biscuit samples is given in Table 1. Moisture 
content of the biscuit samples ranged from 10.27% - 14.20% (B - E) compared to 
9.27% of the control sample A. This significant (p < 0.05) increase in moisture of 
formulated biscuit could be attributed to the increase in fibre content as this has 
the ability to bind water molecules and promote retention of water but prevent 
evaporation during baking. The values in the present study are similar to previ-
ous findings [18], which attributed the difference to the higher level of moisture 
content in watermelon rinds and orange pomace. The ash content which is in-
dicative of the level of mineral content of a food material significantly increased 
(p < 0.05) from 4.11% - 14.75% as substitution with water melon rind and or-
ange pomace flours was made in samples B - E compared to A of 1.31%. These 
results which are in agreement with those of [19] [20] suggest that the blends of 
watermelon rinds and orange pomace must have been responsible for the im-
proved mineral content of the novel biscuit products in contrast to the sample 
made from wheat flour alone. Interestingly too, addition of blends of water 
melon and orange pomace flours significantly decreased (p < 0.05) carbohydrate 
content from about 66% in sample A to below 20% as the ratio of the substitutes 
increased in a manner reported by Olaitan and colleagues [21]. In the same vein, 
crude fat content significantly increased (p < 0.05) in samples that were substi-
tuted with water melon and orange pomace compared to biscuits made from 
wheat flour only. This increment may be advantageous in compensating for the 
decrease in carbohydrate contents of substituted samples in terms of energy 
supply to consumers. Crude fibre contents increased up to 21.22% in samples 
made from wheat flour supplemented with blended water melon and orange 
pomace flours from 1.30% in sample A biscuit made with only wheat flour, 
making these products potentially beneficial for use as after meal for control of 
postprandial glucose response akin to what was previously reported [22]. In 
contrast, increase in substitution with the formulated blends resulted in mar-
ginal reduction in crude protein content of the biscuits from 11.80% in sample A 
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to about 10% among samples B - E. The protein contents here are low but com-
parable with those obtained from similar biscuit products, which were made 
from orange pomace and wheat flour only [23].  

3.2. Mineral Composition 

The result of mineral analysis of biscuit samples is presented in Table 2. The 
values obtained for Ca, Fe, P and Na showed significant increases while Zn and 
Mg decreased marginally as the ratios of substituted materials increased. These 
elements play significant roles in metabolic processes relevant to survival of liv-
ing organisms, thus inclusion in the biscuits has greatly improved the nutritional 
value necessary for optimal health. Although the control sample made with only 
wheat flour had the highest amount of zinc, however, the concurrent presence of 
anti-nutritional factors in wheat may inhibit bioavailability and proper utiliza-
tion of the recorded levels. These results are similar to the findings of Vanin et 
al. [24], which showed lower values of mineral composition embedded in the ash 
content. The difference in the results may be attributed to the use of additional 
water melon rind flour in this study, which is known to be rich in some elements 
as opposed to the use of only orange pomace and wheat in preparation of biscuit 
cookies.  
 

Table 1. Proximate composition of biscuit samples prepared from a blend of wheat flour, watermelon rinds and orange pomace. 

 
Moisture 

(%) 
Ash 
(%) 

Fat 
(%) 

Protein 
(%) 

Fibre 
(%) 

Carbohydrate 
(%) 

A 9.27a ± 0.00 1.31a ± 0.02 8.39a ± 0.02 11.80b ± 0.16 1.30a ± 0.01 66.91e ± 0.23 

B 10.27b ± 0.00 4.11b ± 0.19 8.53a ± 0.00 11.79b ± 0.21 1.67a ± 0.02 62.44d ± 0.43 

C 11.44c ± 0.02 9.61c ± 0.44 8.94b ± 0.14 10.73a ± 0.00 9.71b ± 0.45 42.79c ± 1.07 

D 13.64d ± 0.15 13.62d ± 0.17 9.20c ± 0.00 10.60a ± 0.01 17.50c ± 0.0 30.30b ± 0.35 

E 
LSD 

14.20e ± 0.45 
0.56 

14.75e ± 0.24 
0.66 

12.78d ± 0.15 
0.24 

10.44a ± 0.00 
0.31 

21.22d ± 0.00 
0.53 

17.63a ± 0.87 
1.74 

Values are means ± standard deviation of 3 replications. Means within a column with different superscripts are significantly different at p < 0.05 by Duncan 
Multiple range test.  

 
Table 2. Mineral contents of biscuits produced from blends of wheat, watermelon rinds and orange pomace flours. 

 
Calcium 
(ppm) 

Iron 
(ppm) 

Magnesium 
(ppm) 

Zinc 
(ppm) 

Phosphorus 
(ppm) 

Sodium 
(ppm) 

A 26.95a ± 1.06 88.12a ± 0.17 138.45e ± 0.21 148.43e ± 0.02 35.22a ± 0.35 3.30a ± 0.14 

B 27.14a ± 0.03 90.72b ± 0.17 136.75d ± 0.21 145.81d ± 0.02 36.63b ± 0.35 27.14a ± 0.03 

C 28.75b ± 0.35 91.45bc ± 0.35 135.25c ± 0.21 144.10c ± 0.14 38.32c ± 0.35 3.60ab ± 0.14 

D 29.34b ± 0.03 92.25d ± 0.35 134.05b ± 0.21 143.20b ± 0.14 39.42d ± 0.35 3.70bc ± 0.14 

E 
LSD 

32.25c ± 0.35 
1.35 

92.05cd ± 0.35 
0.76 

131.50a ± 0.21 
0.55 

140.30a ± 0.14 
0.28 

40.72e ± 0.35 
0.09 

3.80c ± 0.14 
0.36 

Values are means ± standard deviation of 3 replications. Means within a column with different superscripts are significantly different at p < 0.05 by Duncan 
Multiple range test.  
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3.3. Functional Properties  

Functional properties of biscuit samples are presented in Table 3. The results 
show that the bulk densities of the flours ranged between 0.6889 and 0.755 g/ml 
comparable to that reported by Oyeyinka et al. [16] but lower than that reported 
by Oppong et al. [25]. The wheat flour had the highest bulk density and the low-
est for the (60:20:20) wheat-watermelon rinds-orange pomace composite flour 
ratio. Bulk density is related to the particle sizes and determines the extent of 
compactness of the flours as well as giving indication of the relative volume of 
packaging material required [26].  

The Water Absorption Capacity (WAC) ranged between 2.15 g/g and 4.62 g/g. 
The 60:20:20 ratio had the highest water holding capacity while the 100:0:0 ratio 
had the lowest. The result of 70:15:15 wheat-watermelon rinds-orange pomace 
composite flour was similar to previous findings [27]. The WAC of flour is an 
important property of foods that represents the ability of a product to associate 
with water under conditions where water is limited. The difference in water ab-
sorption capacity of the samples could be due to difference in the granule size of 
the various formulations, which may enhance the ability of the flours to absorb 
water [28], being important in bulking and consistency. Oil absorption capacity 
(OAC) ranged between 1.04 g/g and 1.98 g/g. It is an important parameter of 
flour used in baking that reflects its emulsifying capacity [29].  

3.4. Sensory Properties  

The sensory properties of the biscuit samples as presented in Table 4 shows that, 
the blend with highest wheat ratio was the most preferred by the panellists for all 
the of sensory attributes considered. There were significant differences (p < 0.05) 
among samples A, B and E but no significant difference (p > 0.05) between sam-
ples C and D. Colour is an important sensory attribute of any food because of its 
influence on acceptability. There was no significant difference (p > 0.05) among 
the experimental samples except for sample A which was significantly different. 
The taste was liked up to the sample with 80% wheat flour, 10% watermelon 
rinds flour and 10% orange pomace flour (80:10:10). The texture scores showed 
decrease with the increase level of supplementation with a slight increase in 
sample D which is similar to that of sample B. The scores for crispness of the 
biscuits ranged from 8.20 to 6.4 with the sample B having the highest score. 
There was no significant difference (p > 0.05) among samples A, C, D and E in 
crispness. Sample B had the highest overall acceptability score (8.50 ± 0.52). This 
was expected since the sample was the most preferred in terms of appearance, 
flavour, colour, taste, texture and crispness. Closest to sample B in overall ac-
ceptability were samples C and A with acceptability scores of 7.90 ± 0.94 and 
7.84 ± 0.51, similar to the findings of Yetunde et al. [30]. Low sensory scores in 
taste may result from phytochemicals present in orange pomace and which 
could be improved upon with appropriate pre-treatments. Refining the compo-
sitions and assessing the impact on nutritional status of consumers would be the 
focus of future endeavours. 
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Table 3. Functional properties of wheat, watermelon rinds and orange pomace composite flour. 

 
Bulk Density 

(g/ml) 
WAC 
(g/g) 

OAC 
(g/g) 

A 

B 

C 

D 

E 

LSD 

0.755d ± 0.00 

0.757e ± 0.00 

0.750c ± 0.00 

0.703b ± 0.00 

0.688a ± 0.00 

0.01 

2.15a ± 0.00 

2.50b ± 0.00 

3.23c ± 0.00 

3.98d ± 0.00 

4.62e ± 0.00 

0.01 

1.04a ± 0.00 

1.12b ± 0.00 

1.38c ± 0.00 

1.68d ± 0.00 

1.98e ± 0.00 

0.01 

Values are means ± standard deviation from triplicate determinations. Means within the same column with same superscript are not significantly different 
at p < 0.05.  
 
Table 4. Mean sensory scores of biscuit prepared from wheat-watermelon rinds-orange pomace flours. 

 Appearance Flavour Colour Taste Crispness Overall acceptability 

A 7.40a ± 0.51 7.40b ± 0.84 8.10a ± 0.91 7.40b ± 0.69 6.80a ± 1.03 7.84b ± 0.51 

B 30b ± 0.48 8.40ab ± 0.48 6.80b ± 0.56 8.50a ± 0.52 8.20b ± 0.78 8.50a ± 0.52 

C 7.10a ± 0.56 7.10ab ± 0.87 6.90a ± 0.99 6.50ab ± 1.17 6.30a ± 0.94 7.90b ± 0.94 

D 6.90a ± 0.99 6.80ab ± 1.03 6.60a ± 1.17 5.90a ± 1.37 6.30a ± 1.15 6.50a ± 1.17 

E 
LSD 

6.60a ± 1.42 
0.79 

6.50a ± 0.84 
0.75 

6.70a ± 1.33 
0.92 

5.90a ± 1.59 
1.03 

6.40a ± 1.26 
0.94 

6.00a ± 1.15 
0.82 

Values are means ± standard deviation from triplicate determinations. Means within the same row with same superscript are not significantly different (p < 
0.05).  

4. Conclusion 

The study established that watermelon rind and orange pomace, which are usu-
ally discarded after consumption and processing of the other parts are capable of 
being utilised in food production to improve the nutritional quality of finished 
products. Incorporation of watermelon rinds flour and orange pomace flour in 
biscuit up to the level of 10 per cent could be considered optimum with respect 
to sensory quality. Put together, these results lend credence to the concept of 
food value addition as a sustainable practice necessary to reduce the environ-
mental impact of the huge amount of agricultural wastes often generated in the 
food chain. A limitation of the study was non-assessment of the underutilised 
raw materials before blend formations in order to determine the impact of the 
processes on the nutritional as well as functional parameters of the finished 
products.  
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