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Biscuits were produced from 100% sorghum and a composite of 

sorghum and watermelon seed flours as describe by Oyewole et al. 

Results showed that biscuit produced with composite flour had 

higher moisture (6.34%), protein (8.47%), Ca (119 mg), Mg (69 

mg), K (128 mg), and Fe (3.75 mg). While biscuit produced from 

100% sorghum had higher fat (23.42%), fibre (1.30%), and Zn 

(1.85mg). Sensory evaluation showed that biscuit produced from 

sorghum and watermelon seeds flour was more accepted in 

compared with one produced with 100% sorghum in terms of 

taste, texture and crispiness compared to biscuit produced from 

100% sorghum flour. 
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INTRODUCTION 
 
Sorghum bicolor commonly called sorghum is indigenous 
to Africa. It is the 4

th
 most important crop after maize, rice 

and barley and Nigeria is the world 2
nd

 largest producer; 
this crop is an important staple food in Africa (Nigeria, 
Sudan, Ethiopia), Asia (India, China), and some parts of 
Central and South America (Dendy, 1995). Sorghum is 
more tolerant of alkaline salts than other grains; it strive 
well on shallow soils with high clay content but grows 
poorly on sandy soils (Dillon et al., 2007). The grain is 
gluten free but rich in starch and dietary fiber and it is 
also harder than other food grains; its hardness is due to 
its higher content of protein prolamin compare to other 
grains (Ratnavathi and Patil, 2013). Sorghum has 
moderate protein that is low in lysine; other nutrients of 
importance found in sorghum include the B-complex, 
vitamin E, iron, zinc, magnesium, phosphorus and 
selenium. In Nigeria sorghum is locally called “dawa” in 
Hausa, “fulbe” in Guari; “okili” in Yoruba and “igwu’ in 
Idoma; the grain is generally used for pap production, 
local beer, non-alcoholic   drink   (kunun zaki),  and  thick  

 
 
 
 
 
paste usually consume alongside sauce or soup. Other 
uses of sorghum include production of pastries such as 
bread, cake and biscuit (Ratnavathi and Patil, 2013); 
findings however showed that pastries produced from 
sorghum alone are usually hard, low in digestibility and 
protein (Anyongo et al., 2011; Serrem et al., 2011).  
Compositing sorghum with cowpea has been shown to 
enhance acceptability, good texture, shelf-life and 
nutrient composition of products developed from it (DAvi 
2013); unprecedented price increase of cowpea in 
Nigeria is however underscoring the utilization of legume. 
It has therefore become imperative to look inwards for 
alternatives measure that can replace, reduce or 
substitute the use of cowpea.  

In Nigeria a lot of seeds are either underutilized or 
wasted. Using these seeds to complement sorghum in 
place of legume could be a practical and sustainable 
approach to improve nutritional quality of products made 
from sorghum and could also be a means of addressing 
protein energy malnutrition (PEM) in individuals. 



 
 
 
 
Watermelon of the family Cucurbitaceous and genus 
citrullus is made up of the rind, pulp and seed. Like most 
fruits and seed vegetables cultivated in Nigeria, only the 
pulp of watermelon is consumed while the rind and seed 
are discarded as waste; studies have however showed 
that these seeds  have quality nutritional values and 
could be consumed as snack or use for bakery purposes 
(Jensen et al., 2011; Olayinka and Etejere, 2018). 
Nutritionally, watermelon seed is a good source of 
protein, fat, iron and zinc (Jacob et al., 2015). 
Complementing sorghum with watermelon seed flour 
could enhance nutrients and sensory attributes of 
products developed from the composite. This study was 
therefore designed to evaluate the nutrients and sensory 
attributes of biscuit produced from sorghum and 
watermelon seed flour blends. 
 
 
MATERIALS AND METHODS 
 
Collection of raw materials 
 
Watermelon fruits were purchased from distributors from 
northern Nigeria in new market Enugu. Sorghum was 
bought from grain retailers in New Market Enugu. 
 
Extraction and preparation watermelon seed into 
flour 
 
The fruits were washed with potable water and cut 
longitudinally into eight equal parts manually using 
kitchen knife. The seeds were manually extracted and 
washed under running tap water. The water was drained 
and the seeds sundried for 48 h and oven dried at 50°C 
for another 3 h, after which the seeds were crushed in a 
milling machine (hammer mill powder crusher F-23ZS 
England) to enable the hallowing process. The whitish 
mesocarp was milled into fine powder and then sieved 
using muslin cloth. 
 
 
Cleaning and preparation of sorghum flour 
 
Pebbles and other extraneous particles were handpicked. 
A flat metal tray was used to winnow out sand and dust. 
About 1kg of the cleaned sample was washed without 
soaking and dried at 60°C for 6 h in an oven. The 
sorghum was then milled using Hammer mill (F-23ZS 
England) and then sieved using a muslin cloth. 
 
 
Production of biscuit 
 
Table 1 shows formulation of flour for biscuit production. 
Biscuit was produced using creaming method as describe 
by Oyewole et al. (1996). Margarine (40 g) and sugar (30 
g) was manually mixed using a wooden spatula until   the  
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mixture became light and fluffy. Two medium sized (20 g) 
with milk (Dono) powder (10 g) were added to the cream 
and mixed for 40 min. Composite flour (100 g) mixed with 
baking powder (2 g) and salt (0.5 g) were slowly 
introduced into the mixture and mixed with the cream for 
20 min to obtain firm dough. The dough was manually 
rolled out to a height of 5 mm and cut into circular shapes 
using biscuit cutter. The dough pieces were transferred 
onto a baking tray lined with aluminum foil. Biscuit dough 
were baked in a pre-heated oven at 150ºC for 20 min and 
cooled for 40 min at room temperature (29±2ºC). 
 
 
Determination of proximate composition of 
watermelon seed flour         
  
The proximate compositions (moisture, crude protein, 
crude fat, ash) of the samples were determined according 
to AOAC (2006). Carbohydrate was obtained by 
difference; while gross energy was calculated in 
kilojoules per 100 g (KJ/100g) and in kilocalories per a 
hundred gram (Kcal/100g) as described by Eknayake et 
al. (1999).  
 
 
Determination of minerals of watermelon seed flours 
  
The minerals (K, Na, Ca, Mg, Zn, Mn, Cu and Fe) were 
determined using wet acid digestion method for multiple 
nutrient determinations as described AOAC (2006). K 
and Na were determined by flame photometer (Jenway 
Digital, Model PFP7, USA). Ca and Mg were determined 
by EDTA versarale complexiometric titration method. The 
microminerals (Zn, Fe, Cu, Mn,) were by Atomic 
Absorption Spectrophotometer (Model 3030 Perkin 
Elmer, Norwalk USA).  
 
Sensory evaluation  
 
Sensory evaluation of the products was carried out by a 
group of 20 untrained panelists made of lecturers and 
students of the Department of Human Nutrition and 
Dietetics, Michael Okpara University of Agriculture 
Umudike Nigeria. Commercial fiber biscuit was used as 
control.  The evaluation was carried out in the food 
laboratory of the Department of Human Nutrition and 
Dietetics. The judges evaluated the products using a 
seven point hedonic scale where 7 = like very much and 
1 = dislike very much. Panelists scored the sample for 
four sensory attributes – colour, flavor, taste and general 
acceptability.   A cup of potable water was given to the 
panelist to rinse his/her mouth after each tasting. 
 
 
Statistical analysis  
 
All determinations   were   done   in   duplicates. The data 
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Table 1. Formulation of flour blends for biscuits production 
 
Sample Sorghum flour (%) Watermelon seed flour (%) 

sorghum flour 100 0 
Composite flour 60 40 

 

Table 2. Proximate composition of biscuit produced from sorghum and watermelon seed flour 
 
Nutrients Commercial biscuit 

(fibre biscuit) 
100% 

sorghum biscuit 
60% sorghum: 

40% watermelon seed biscuit 

Moisture (%) 2.87
c
± 0.10 4.61

b
 ±0.014 6.34

a 
±0.85 

Protein (%) 9.67
a
 ±0.02 6.74

c
 ±0.00 8.47

b
±0.02 

Fat (%) 12.83
c
 ±0.10 23.42

a
 ±0.00 19.87

b
 ±0.42 

Fiber (%) 1.77
a
 ±0.02 1.30

b
 ±0.28 0.93

c
 ±0.01 

Ash (%) 1.27
a
 ±0.02 0.98

c
 ±0.04 1.04

b
± 0.03 

Carbohydrate (%) 71.61
a
± 0.18 62.96

b
±0.05 63.36

b
±0.19 

Energy (kcal) 440
c
  ±0.10 489

a
±0.20 466

b
±0.30 

 

Values are means± standard deviation of duplicate samples,
 a-c

Means with different superscripts along the 
same row has significant differences at p<0.05.  

 
 
generated were entered into the computer and analyzed 
using Statistical Package for Social Sciences (SPSS 
version 16.0 SPSS Inc., Chicago, USA) Means and 
standard deviations obtained from the chemical analysis 
were calculated. Level of significance was at p<0.05. 
Analysis of variance (ANOVA) was used to compare the 
values obtained for sensory evaluation. 
 
 
RESULTS 
 
Proximate composition of biscuit produced from 
sorghum and watermelon seed flours. 
 
Energy and proximate compositions of biscuits produced 
from 100% sorghum flour, composite (sorghum: 
watermelon seed) flour and those of commercial biscuit 
(fiber) are presented on (Table 2). Commercial biscuit 
had moisture (2.87%), protein (9.67%) and fat (12.83%) 
while biscuits produced from 100% sorghum and 
composite (sorghum: watermelon seed) flour had 
moisture 4.61 and 6.34%), protein (6.74 and 8.47%) and 
fat (23.42 and 19.87%) respectively. Fiber (1.77%), ash 
(1.27%) and carbohydrate (71.61%) were significantly 
higher (p<0.05) in commercial biscuit (fiber biscuit) 
compared to fiber (1.30 and 0.93%), ash (0.98 and 
1.04%) and carbohydrate (62.96 and 63.36%) obtained 
for biscuits produced from sorghum flour, composite 
(sorghum: watermelon seed) flour. Energy (466 and 489 
kcal) was however significantly higher in biscuits 
produced from sorghum flour, composite (sorghum: 
watermelon seed) flour. 
 
 
Mineral Composition of biscuit produced from 
sorghum and watermelon seed flour 
 
The mineral compositions of the products  are  shown  on 

(Table 3). Most of the minerals (Ca-124, Mg-86, Na-154, 
K-165, P-128, Fe-5, and Zn-3 mg) were significantly (p 
<0.05) higher in commercial fiber biscuit. Ca (119 mg), 
Mg (69 mg), Na (129 mg), K (128 mg) and in Fe (3 mg) 
were significantly higher in 60%sorghum: 
40%watermelon seed biscuits than values obtained for 
100% sorghum biscuit. Also copper and manganese 
(0.07 and 0.35mg) were significantly higher in 
60%sorghum: 40%watermelon seed biscuits than in the 
other products. 
     
 
Sensory attributes of biscuit produced from sorghum 
and watermelon seed flours 
 
Sensory attributes of the products are shown on (Table 
4). Scores for appearance and taste (7.60 and 7.40) for 
commercial biscuit were significantly higher than scores 
obtained for 100% sorghum flour (6.36 and 5.72) and 
composite (sorghum: watermelon seed) flour (6.24 and 
5.92) respectively. The colour of biscuits produced from 
100% sorghum flour (6.24), composite (sorghum: 
watermelon seed) flour (6.24) was comparable with that 
of commercial biscuit (7.16). Biscuit produced from 100% 
sorghum flour was slightly liked in terms of texture and 
crispiness while biscuit from the composite flour was 
moderately liked.    
 
 
DISCUSSION 
 
The study showed significant increase in some of the 
nutrients with addition of watermelon seed flour as 
substitute to sorghum. It was observed that moisture in 
biscuits made from sorghum and watermelon seed flour 
blend and that produced from 100% sorghum was 
significantly higher (p <0.05) than that obtained for 
commercial biscuit. Higher moisture found   in    products  
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Table 3.  Mineral composition (mg per 100 g) of biscuit produced from sorghum and watermelon seed flour 
 
Nutrient Commercial 

fiber Biscuit 
100%  sorghum 

biscuit 
60%sorghum: 

40%watermelon 
seed biscuit 

Calcium 124.38
a
± 0.53 108. 36

c
 ±0.05 119.57

b
± 1.17 

Magnesium 86.27
a
± 1.37 63.52

c
 ±0.25 69.53

b
 ±0.10 

Sodium 154.83
a
± 0.09 128.73

b
 ±0.01 129.24

b
 ±0.33 

Potassium 165.72
a
 ±0.02 116.75

c
 ±0.07 128.35

b
 ±0.07 

Phosphorus 128.67
a
 ±0.09 75.36

b 
±0.08 76.36b± 0.08 

Iron 5.53
a
± 0.10 2.95

c
 ±0.00 3.72

b
 ±0.02 

Zinc 3.66
a
 ±0.05 1.85

b
± 0.00 1.64

b
 ±0.02 

Copper 0.05
a
 ±0.00 0.06

a
± 0.00 0.07

a
±0.00 

Manganese 0.24
c
 ±0.14 0.30

b
± 0.02 0.35

a
± 0.01 

 

Values are means± standard deviation of duplicate samples, 
a-c

Means with different superscripts along the same row has 
significant differences at p<0.05. 

 
 

Table 4. Sensory attributes of biscuit produced from sorghum and watermelon seed flour 
 
Attributes Commercial biscuit 100% sorghum biscuit 60%sorghum:4 

0%watermelon seed biscuit 

Appearance 7.60
a
 ±1.15 6.36

b
 ±1.44 6.24

b
± 1.81 

Colour 7.16
a
 ±1.25 6.24

a
 ±1.76 6.24

a
 ±1.76 

Taste 7.40
a
 ±1.12 5.72

b
 ±1.57 5.92

b
 ±1.89 

Texture 6.64
a
 ±1.44 5.32

b
 ±1.80 6.24

ab
 ±1.67 

Crispiness 6.68
a
 ±1.73 5.36

b
 ±1.85 5.92

ab
 ±2.00 

General acceptability 7.20
a
 ±1.08 5.44

b
± 1.70 6.00 

b
±1.94 

 

Values are means± standard deviation of duplicate samples, 
 a-c 

Means with different superscripts along the same row 
has significant differences at p<0.05 

 
 
developed could be a function of the heating time or 
intensity. It is however interesting to note that moisture in 
all the products fell below 10%. Moisture of ≤10% is said 
to play significant role in shelf life, packaging and general 
acceptability of products and it is responsible for the state 
of non-deterioration in food (Makkar and Becker, 1996). 
In other words moisture of ≤10% is recommended for 
preservation of foods (Sanni et al., 2006). When 
compared with other studies, moisture obtained in the 
current study was lower than 10.12-11.12% reported by 
Ikujenlola et al. (2014) in a similar study.  Protein in 
biscuit produced composite flour was significantly higher 
than the one obtained from 100% sorghum flour but lower 
than the one found in commercial biscuit. Lower protein 
obtained in biscuit from composite flour could be a 
function of its moisture content. Protein value could be 
increased by drying the flour properly before biscuit 
production or probably by increasing the ratio of 
watermelon seed flour.  The quantities of fibre and fat 
decreased with addition of watermelon seed flour as 
substitute for sorghum. Similar observations were made 
by Ikujenlola (2015) and Amaefula, (2015) respectively. 
This implies that developing products from sorghum 
using high watermelon seed flour ratio could actually 
increase protein level while reducing that of fiber. This 
finding could be of interest to nutritionist and dieticians 
particularly in area of complementary food formulation. 
Higher fat values seen in 100% sorghum relative to the 

products could be a function of its oil absorption capacity. 
Lower fat found in biscuit with higher watermelon seed 
flour is of great importance as products with low fat are 
known to have longer shelf-life. High fat in any product is 
known to promote rancidity. Carbohydrate composition in 
products this study were lower than  values (67.06-
72.42%) reported for biscuit produced from wheat and 
water melon seed flour blends (Ikujenlola and Adurotoye, 
2014) but fell within values (58.2- 70.6%) reported biscuit 
developed from sorghum and defatted soy bean flour 
blends (Omoba and Omogbemile, 2013). Energy is a 
function of the protein, fat and carbohydrate composition 
of any food product; this could be the reason for variation 
in the energy values of the products. Knowledge of 
energy values of foods is important in nutrition as that will 
help individuals with physiological condition to make good 
food choices. 

Sodium was the most predominant mineral in the 
products, followed by potassium and calcium. Other 
minerals obtained in significant amount were phosphorus, 
magnesium, iron and zinc. Sodium as a predominant 
mineral was also reported by Omoba and Omogbemile, 
(2013) in a similar study. Amount of sodium obtained in 
the products was however lower that found in commercial 
biscuit. Potassium/sodium of ≤ 1 is recommended 
particularly for hypertensive patients; this means that the 
products are safe to be consumed by both hypertensive 
and     non    hypertensive   patients.  High   calcium   and  
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potassium obtained in the products particularly the one 
complemented with watermelon seed flour is of 
significant importance, as calcium is needed for healthy 
bone development while potassium needed in the body 
for the maintenance of osmotic balance as well as the 
enhancement of iron utilization in the body (Wardlaw et 
al., 2004). Phosphorus was found in moderate amounts 
in the products. Deficiency of phosphorus is said to result 
in bone loss, decreased growth and poor tooth 
development (Wardlaw et al., 2004). Higher value iron 
found in biscuit produced from composite biscuit could be 
due to the addition of watermelon seed flour. The amount 
of iron required per day by a child of1-3 years is 7mg/d 
(FNB, 1998); this implies that 100g of 100% sorghum 
biscuit can supply a child of 1-3years with about 42% of 
his RDI while biscuits from the composite will supply 
about 53% of their daily need. The role of iron in physical 
and mental development of children cannot be over 
emphasized. 

Sensory evaluation showed that commercial biscuit 
was generally more preferred. This outcome was 
expected because the individual are used to it. Biscuit 
produced from sorghum and water melon seed blend was 
however preferred to biscuit produced from 100% 
sorghum in terms of taste, texture and crispiness. Lower 
scores obtained biscuit produced from100% sorghum 
(particularly for texture) could be due to its hardness. 
Hardness in biscuit produced from sorghum in part is 
attributed to lack of polar lipid in sorghum (Dovi, 2013). 
 
 
Conclusion 
 
Moisture in all products was below 10%. Though 
commercial biscuit was significantly higher in most of the 
nutrient determined; biscuit produced from 60%sorghum: 
40%watermelon seed significantly higher in protein, 
magnesium, potassium, iron and manganese compare to 
biscuit produced from 100% sorghum biscuit. Sensory 
evaluation showed that biscuit produced from sorghum 
and water melon seed blend was preferred to biscuit 
produced from 100% sorghum in terms of taste, texture 
and crispiness.  
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