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ABSTRACT 
 

This work investigated the proximate and sensory properties of chin-chin from the flour blends of 
wheat, African breadfruit, soybean, and sorghum. Chin-chin was produced from the blends of 
wheat: African breadfruit (BWF), wheat: soybean (SWF) and wheat: sorghum (SGW) in the ratios 
of 80:20, 70:30 and 60:40 for each blend and coded as BWF1, BWF2, BWF3 and SWF1, SWF2, 
SWF3 and SGW1, SGW2, SGW3 respectively. The control was 100% wheat flour (100:0) coded 
as WF. The proximate composition and sensory properties were determined. The results obtained 
show that partial substitution of wheat flour with breadfruit, soybean and sorghum flours caused a 
significant (p < 0.05) increase in the proximate composition of the samples. The crude protein 
content of samples BWF, SWF and SGW ranged from 15.73 to 19.34%, 19.2 to 24.62% and 9.11 
to 10.73% respectively. The ash content of the samples ranged from 0.68 to 1.27%, 0.95 to 2.16% 
and 1.06 to 1.26% respectively and the crude fiber content ranged from 0.42 to 0.91%, 0.25 to 
0.91% and 0.43 to 3.73% respectively. While the control sample (WF) had 13.08% of protein, 
1.96% of ash and 0.80% of crude fiber. In terms of the overall acceptability, the control sample 
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(WF) had the highest score (8.10) when compared with fortified samples followed by BWF3 (7.00). 
Although the control sample (WF) had the least nutrient contents compared to the fortified 
samples, yet, it was the most preferred by the panelists.  
 

 
Keywords: African breadfruit; chin-chin; sensory properties; sorghum; soybean; wheat. 
 

1. INTRODUCTION  
 
Snacks contribute an important part of many 
consumers’ daily nutrient and caloric intake [1]. 
The most widely consumed snacks are cereal-
based products, which generally are low in 
nutrient density [2]. They are generally regarded 
as convenience food and have been part of the 
human diet for a long time and have contributed 
tremendously to the economy of every nation [3]. 
Snacks foods are easy to eat products, cheap 
and readily available on the streets, shops, high-
ways (carried about by vendors) schools, 
churches, and among others. The demand for 
snacks is attributed to the rapid population and 
urbanization of both developed and developing 
countries. Fried products are the center of 
attraction for many consumers due to the aroma, 
feel and taste. The modern-day snacks involve 
the use of frying, baking and customary 
ingredients for the manipulation of cereal-based 
products, after which different products of related 
properties emerge. 

 
Chin-chin is a fried snack popular in West African 
countries especially Nigeria. It is a sweet hard 
donut-like fried product which is sometimes 
baked dough of wheat flour, with eggs and other 
ingredients [4]. The flour is mixed to form an 
elastic dough that is properly kneaded, rolled and 
cut into desired shapes. The shaped flat dough is 
then deep-fried in hot vegetable oil and when it is 
slightly golden brown, it is scooped out to let oil 
drain [5]. 

  
Wheat flour has been the basic raw material in 
the bakery industry. In the past, wheat has been 
used for snack products such as bread, cakes, 
chin-chin, cakes and biscuits [6]. Nigerian climate 
is not favorable to produce wheat. Between 2012 
and 2013, 100,000 tones were produced [7] 
which is not enough to meet demand. Thus, 
wheat importation is imminent as it is the only 
way to match the demand for wheat for baking 
and other purposes which is not favorable for the 
country's foreign exchange. As a result, a lot of 
research has been ongoing on the incorporation 
of non-wheat flour for baking and other purposes 
such as in bread and snack products [8].  
 

Soybean (Glycine max) is a rich source of 
protein, fat, carbohydrate, vitamins, minerals, 
and water. It is regarded as a poor man's meat in 
developing countries where animal products are 
costly. It is used as the right substitute to mitigate 
the challenge of protein-energy malnutrition [9]. 
Soybean is an important inexpensive food crop 
containing several useful nutrients including prot
ein, carbohydrate, vitamins, and minerals. Dry 
soybean contains 36% protein, 19% oil, 35% 
carbohydrate (17% of which dietary fiber), 5% 
minerals and several other components including 
vitamins [10]. Many leguminous crops provide 
some protein, but soybean is the only an 
available crop that provides an inexpensive and 
high-quality source of protein comparable to 
meat, poultry, and eggs [11].  
 

Sorghum locally called guinea corn and “dawa" 
in Nigeria is a gluten-free grain that has the 
potential to be used as an alternative to wheat 
flour [12]. Close to 50% of the land is devoted to 
sorghum and this makes the crop to be 
extensively grown in the country [13]. In Northern 
Nigeria, sorghum is widely processed into 
several food products [6]. Some are used as a 
snack, while others are used for alcoholic and 
non-alcoholic beverages such as burukutu and 
kunu. Sorghum grain is an important source of 
complex vitamins and some minerals like 
phosphorus, magnesium, calcium, and iron [14]. 
The protein content of sorghum is like that of 
wheat and maize, with lysine as the most limiting 
essential amino acid [15].  
 

African breadfruit (Trecullia africana) belongs to 
the mulberry family Moraceae which is of African 
origin, but now being grown in the most tropical 
and subtropical countries [16]. African breadfruit 
is a wide jack fruit in some areas neglected and 
underexploited tropical tree [17]. It is a common 
forest tree in Nigeria used as a low-cost meat 
substitute for animal protein for poor families 
[18].  The seeds can be baked, toasted, boiled or 
fried before consumption. They can also be 
ground into flour which can be used as a 
substitute for wheat flour in bakery products [19]. 
The seeds are highly nutritious and constitute a 
cheap source of vitamins, minerals, proteins, 
carbohydrates, and fats. Proximate analysis 
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showed that the seeds contain 17-23% crude 
protein, 11% crude fat and other essential 
vitamins and minerals [20].  

 
2. MATERIALS  
 
2.1 Source of Raw Materials  
 
The wheat, soybean, sorghum, African 
breadfruit, and the ingredients were purchased 
from Ogige market in Nsukka, Enugu state. 

 
2.2 Sample Preparation 
 
2.2.1 Preparation of sorghum flour 

 
Sorghum flour was produced according to the 
method of Ndife et al. [21] as shown in Fig. 1. 
The sorghum grains were weighed, sorted, 
cleaned to remove extraneous materials, 
washed, soaked (in water for six hours to reduce 
the anti-nutrient content) oven-dried (60°C for 12 
h), milled and sieved (60 μm mesh size) to get 
fine flour. 
 

 
 

Fig. 1. Production of sorghum flour 
 

2.2.2 Preparation of soybean flour 

 
Fig. 2 shows the production of soybean flour 
according to the method of Okoye et al. [22]. The 
soybean seeds were cleaned, sorted, soaked (for 
6 h to remove anti-nutrients content), dehulled, 
oven-dried (60°C for 12 h), milled and sieved (60 
μm mesh size) fine flour. 

 
 

Fig. 2. Production of soybean flour 
 

2.2.3 Preparation of breadfruit fruit flour 
 
Breadfruit flour was prepared according to the 
method described by Ojoko et al. [23]. Fresh 
mature breadfruit was sorted, peeled and 
manually diced into a smaller size which was 
blanched (at 80°C for 10 min), oven-dried (65°C 
for 24 h), milled and sieved to obtain fine flour as 
shown in Fig. 3.  
 

The formulation of flour blends from wheat, 
soybean, sorghum, and breadfruit is shown in 
Table 1 while the recipe to produce chin-chin is 
shown in Table 2. 
 

 
 

Fig. 3. Production of soybean flour 
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Table 1. Proportion of composite flour from 
the blends of wheat, soybean, sorghum and 

breadfruit flours 
 

Sample codes  Blending ratio (%) 
WF 100 
BWF1 20:80 
BWF2 30:70 
BWF3 40:60 
SWF1 20:80 
SWF2 30:70 
SWF3 40:60 
SGWF1 20:80 
SGWF2 30:70 
SGWF3 40:60 

Note: WF= 100% wheat flour, BWF1= 20% breadfruit 
flour + 80% wheat flour, BWF2= 30% breadfruit flour + 
70% wheat flour, BWF3= 40% breadfruit flour + 60% 
wheat flour, SWF1= 20% Soybean flour + 80% wheat 
flour, SWF2= 30% Soybean flour + 70% wheat flour, 

SWF3= 40% Soybean flour + 60% wheat flour, 
SGWF1=  20% Sorghum flour + 80% wheat flour, 
SGWF2=  30% Sorghum flour + 70% wheat flour, 
SGWF3=  40% Sorghum flour + 60% wheat flour 

 

 
 

Fig. 4. Production of chin-chin 
 

2.3 Preparation of Chin-chin 
 
Flour, salt and nutmeg were first sieved into a 
bowl. Then margarine was mixed with flour 
evenly. Egg, sugar and other ingredients were 
added to make a stiff dough. The stiff dough was 
rolled tightly to a 1 (one) cm thickness on a board 
and cut into cubes. The cut dough was fried in 
deep hot vegetable oil at 180 Table °C for 8 mins 

until golden brown. The chin-chin was then 
drained, cooled and packaged in an airtight 
container as shown in Fig. 4. 
 

Table 2. Recipes to produce chin-chin 
 
Ingredients Quantity 
Flour 500 g 
Egg 3  
Nutmeg 10 g 
Water 100 mL 
Salt 10 g 
Sugar 125 g 
Milk 3 tablespoons 
Pineapple 50 mL 
Baking powder 2 tablespoons 
Vegetable oil 500 mL 
Butter 125 kg 
Vanilla oil 5 mL 

 

3. METHODS 
 

3.1 Analyses  
 
3.1.1 Proximate analysis of the samples 
 
The crude protein, moisture, ash, fat and               
crude fiber contents of the products and flour 
samples were determined according to the 
standard method of AOAC [24]. The 
carbohydrate content of the sample was 
determined by difference as follows: % 
Carbohydrate= 100 - (% moisture + % ash + % 
protein + % fat + % crude fiber). 
 
3.2 Sensory Evaluation of the Samples 
 
Sensory evaluation of the samples was carried 
out using a 9-point Hedonic scale as described 
by AOAC [25]. Twenty (20) semi-trained 
panelists from the Department of Food Science 
and Technology, University of Nigeria, Nsukka 
did the evaluation. The 9-point Hedonic scale 
ranges from extremely like (9) to extremely 
dislike (1). Samples were presented in identical 
coded plates. Each sample was evaluated for 
flavor, color, taste, after taste, texture and overall 
acceptability.  
 
3.3 Experimental Design and Statistical 

Analysis 
 
The experimental design was Completely 
Randomized Design (CRD). The results obtained 
were analyzed using one-way analysis of 
variance (ANOVA). The means were separated 
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using Duncan’s New Multiple Range Test. 
Significance difference was accepted at p < 0.05 
using Statistical Product for Service Solution 
(SPSS) version 20.0. 
 

4. RESULTS AND DISCUSSION 
 

4.1 Effect of Soybean, Sorghum and 
African Breadfruit Flours on the 
Proximate Composition of the Chin-
chin Samples 

 

The results of the proximate composition of chin-
chin from the blends of wheat, soybean, sorghum 
and breadfruit flours are shown in the figures 
below. 
 

The effect of the addition of soybean, sorghum 
and African breadfruit flours on the crude               
protein content of the samples is shown in                
Fig. 5. 
 

The crude protein content of the chin-chin 
samples produced from blends of wheat, African 
breadfruit, and soybean and sorghum flours 
ranged from 9.11-24.62%. The protein content of 
sample BWF1 ranged from 15.73-19.34%. 
Among the breadfruit samples, sample BWF1 
had the least mean value of 15.73% which 
agrees with the findings of [26]. Furthermore, 
Samples SWF1 and SGWF1 had protein 
contents ranging from 19.28-24.62% and 9.11-
10.73%, respectively. Sample SGWF1 had the 
least protein content (9.11%), agreeing with 
9.17% reported in the findings of Fasasi et al. 
[27], where the author compared the proximate 
composition of maize and sorghum, while it was 
higher than the 6.9% as reported by Sheorain et 
al. [28] on the production of bread from wheat 
and sorghum flour blends. Sample WF (control) 
had a protein content of 13.08%. This value is in 
line with 13.04% of protein from 100 % wheat as 
reported by Adegbola et al. [29] in his findings on 
the production of bread supplemented with 
soybean.  Sample SWF3 had the highest protein 
content (24.62%) which is higher than 8 and 12% 
on the blends of whole wheat and soybean flour 
[21] but lower than 40% value reported by 
Oluwamukomi et al. [30]. Samples SWF (which 
contained soybean flour + wheat flour) had the 
highest protein contents while the samples 
containing sorghum flour had the least protein 
content. The relatively high protein content in the 
SWF samples could be attributed to the high 
protein content of soybean. Soybean is known as 
a rich protein source and it has been reported 
that soybean has up to 40% protein [30]. Also, 
43% was earlier reported [31] on the pasting 

properties of African breadfruit. Of all the 
samples, samples BWF (samples containing 
breadfruit: wheat flours) and SWF (samples 
containing soybean: wheat flours) had higher 
protein content than WF (control sample 
containing 100% wheat flour), indicating that 
breadfruit and soybean flours have higher protein 
content than wheat flour and can be used in food 
formulations where high protein is desirable. The 
present study confirmed that the inclusion of 
legumes increased the protein content of the 
food product(s) as previously observed [32,33], 
which enriched the protein content of cookies 
and ‘‘Ojojo’’ (water yam fried ball) using African 
yam bean seed flour and rice bean flour 
respectively.  There was a significant (p < 0.05) 
increase in the protein content of the fortified 
samples with an increase in the level of inclusion 
of the sorghum, soybean and breadfruit flours. 
However, the protein content of sample WF 
(control) was significantly (p > 0.05) lower                
than the fortified samples except for SGWF 
samples. 

 
The effect of the addition of soybean, sorghum 
and African breadfruit flours on the ash content 
of the samples is shown in Fig. 6. The ash 
content of the samples ranged from 0.68-2.16%. 
Sample BWF1 had the least ash content 
(0.68%), this is lower than 3.4% [31] reported in 
his findings on 30% substitution of African 
breadfruit and soybean flour blends, while SWF3 
had the highest ash content (2.16 %) which is in 
line with 2.55% from the findings of Akubor et al. 
[21]. The ash content of BWF samples ranged 
from 0.68-1.27%, sample BWF1 had the least 
value (0.68%) while BWF3 had the highest value 
(1.27%) which was lower than 5.5 reported by 
Endres et al. [31] on the 30% substitute on of 
breadfruit soybean flour. More so, samples SWF 
and SGWF had ash content that ranged from 
0.95-2.16% and 1.06-1.26% respectively. It was 
observed that samples SWF and SGWF had 
relatively higher ash contents higher than that of 
sample WF (control). This is an indication that 
samples SWF and SGWF contained higher ash 
than sample WF, hence, higher mineral content. 
Ash content is an index of the mineral content of 
food products [34]. Samples BWF had lower ash 
content (0.68-1.27%) than sample WF (1.96%) 
indicating that the ash content of wheat is higher 
than that of the breadfruit which means that 
wheat has higher mineral content than breadfruit. 
There was a significant (p < 0.05) increase in the 
ash content of the fortified samples with an 
increase in the level of inclusion of the sorghum, 
soybean and breadfruit flours. However, the ash 



content of sample WF (control) was significantly 
(p < 0.05) higher than all the fortified samples 
except for sample SWF3. 
 
The effect of the addition of soybean, sorghum 
and African breadfruit flours on the crude fiber 
content of the samples is shown in Fig. 7. 
crude fiber contents of samples BWF, SWF,
SGWF ranged from 0.43-0.91%, 0.25
and 0.43-3.73% respectively, while sample W
had the fiber content of 0.80%. Among the BWF 
samples, BWF1 had the lowest crude fiber 
content (0.42%) while sample BWF3 had the 
highest value (0.91%). Among the SWF samples, 
sample SWF1 had the lowest value (0.25
crude fiber content while sample S
highest value (0.83%). Sample SGWF1 had the 
  

Fig. 5. Effect of soybean, sorghum and African breadfruit flours on the crude protein content 

Fig. 6. Effect of soybean, sorghum and African breadfruit flours on the ash content of the 
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content of sample WF (control) was significantly 
(p < 0.05) higher than all the fortified samples 

The effect of the addition of soybean, sorghum 
and African breadfruit flours on the crude fiber 
content of the samples is shown in Fig. 7. The 
crude fiber contents of samples BWF, SWF, and 

0.91%, 0.25-0.83%, 
% respectively, while sample WF 

%. Among the BWF 
owest crude fiber 

WF3 had the 
%). Among the SWF samples, 

SWF1 had the lowest value (0.25%) of 
crude fiber content while sample SWF3 had the 

GWF1 had the 

lowest value (0.43%) of fiber content while 
sample SGWF3 had the highest value (0.92
among the SGWF samples. It was observed that 
the crude fiber contents of all the fortified 
samples were lower than the control sample 
(WF), except for samples BWF3, SWF3, and 
SGWF3. This may be as a result of the fiber 
content of the soybean, sorghum and African 
breadfruit flours with which the wheat flour was 
blended with before the production of the chin
chin samples. There was no significant (p
difference between the crude fiber content of the 
control sample, WF and that of the chin
samples from the composites t a 20
wheat substitution. It was observed that the 
increase in the addition of soybean, sorghum, 
and African breadfruit flours caused an increase

 

, sorghum and African breadfruit flours on the crude protein content 
of the samples 

 

 

Fig. 6. Effect of soybean, sorghum and African breadfruit flours on the ash content of the 
samples 
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in the crude fiber content of the fortified samples. 
This agrees with the work done by 
[33,35], who enriched the protein content of 
‘‘Ojojo’’ (water yam ball) and water flour with rice 
bean flour. It was observed that there was a 
significant (p < 0.05) increase in the crude fiber 
content of the fortified samples with an increase 
in the level of inclusion of the sorghum, soybean 
and breadfruit flours.  But the crude fiber content 
of sample WF (control) was significantly (p > 
0.05) lower than the fortified samples except for 
samples BWF3, SWF3, and SGWF3.
 
The effect of the addition of soybean, sorghum 
and African breadfruit flours on the fat content of 
the samples is shown in Fig. 8. The f
samples BWF ranged from 22.15-28.14
samples from 22.60-26.56% and SGWF samples 
from 17.56-22.56% while the control sample 
(WF) had 22.27%. Among all the samples
sample BWF3 had the highest fat content 
(28.14%) while SGWF3 had the least fat content 
(17.56%). It was observed that the fat content of 
samples BWF and SWF was higher than that of 
the control sample (WF), thus, there was an 
increase in the fat content of the samples with an 
increase in the inclusion of breadfruit and 
soybean flours. The relatively higher fat contents 
of samples BWF and SWF indicated that 
breadfruit and soybean have higher fat than 
wheat. African breadfruit and soybean have been 
reported to have fat content ranging from 13.5
24.3% [36] and 45% [37] respectively, and this 
could explain the reason for the relatively high
content of the chin-chin samples produced from 
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fat content of the samples BWF and SWF 
contribute to their palatability. However, samples 
BWF had the least fat content (17.56
and this was found to decrease with increase in 
wheat flour substitution at 20, 30 and 40
were lower than the 100% wheat chin
(22.27%) at 30 and 40% substitution (18.63 and 
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samples except for samples BWF1, SGWF2, an
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enhance the storage stability of the products as 
moisture enhances biochemical reactions that 
lead to food spoilage, thus, food products with 

ntent indicate better storage 
quality. This high 

moisture content may also be attributed to the 

fact that sample SGWF1 was not properly 
packaged thus absorbed moisture which caused 
an increase in its moisture level. 
content of the samples conformed to the 
standard of Opara et al. [38], which stated that 
the moisture content of flour sampl
be higher than 14%. It was observed that the 
moisture content of sample WF (control) was 
significantly (p > 0.05) lower than that of the 
fortified samples except for sample SWF1.

 
soybean, sorghum and African breadfruit flours on the fat content of the 

samples 
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Fig. 10. Effect of soybean, sorghum and African breadfruit flours on the carbohydrate content 

The effect of the addition of soybean, sorghum 
and African breadfruit flours on the carbohydrate 
content of the samples is shown in Fig
breadfruit: wheat (BWF), soybean: wheat (SWF) 
and sorghum: wheat (SGWF) chin-
had carbohydrate contents that ranged from 
46.38-56.32%, 42.14-53.41%, and 57.41
respectively, while the 100% wheat chin
(WF) had carbohydrate content of 58.04
Sample SWF3 had the lowest value (42.14%) of 
carbohydrate while sample SCW
highest value (64.66%). It was observed that 
carbohydrate content of sample WF (control) was 
significantly (p < 0.05) higher than the fortified 
samples except for SGWF samples. The lower 
carbohydrate contents of chin
breadfruit: wheat and soybean: wheat 
composites could be as a result of their relatively 
high protein and fat contents from the added 
soybean and breadfruit flours which reduced the 
carbohydrate level of the samples. This could 
also be attributed to the fact that soybean and 
breadfruit flour added had higher bulk density 
than the sorghum flour which made to occupy 
more spaces during weighing and blending of the 
flours prior to the production of the chin
samples. It was observed that there was a 
significant (p > 0.05) decrease in the 
carbohydrate content of the fortified
an increase in the level of inclusion of the 
sorghum, soybean and breadfruit flours except 
for SGWF samples where significant (p < 0.05) 
increase occurred. However, the carbohydrate 
content of sample WF (control) was significantly 
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of the samples 
 

of soybean, sorghum 
and African breadfruit flours on the carbohydrate 
content of the samples is shown in Fig. 10. The 
breadfruit: wheat (BWF), soybean: wheat (SWF) 

-chin samples 
ts that ranged from 

53.41%, and 57.41-64.88% 
respectively, while the 100% wheat chin-chin 

d carbohydrate content of 58.04%. 
Sample SWF3 had the lowest value (42.14%) of 
carbohydrate while sample SCWF3 had the 

%). It was observed that the 
carbohydrate content of sample WF (control) was 
significantly (p < 0.05) higher than the fortified 
samples except for SGWF samples. The lower 
carbohydrate contents of chin-chins from 
breadfruit: wheat and soybean: wheat 

of their relatively 
high protein and fat contents from the added 
soybean and breadfruit flours which reduced the 
carbohydrate level of the samples. This could 
also be attributed to the fact that soybean and 
breadfruit flour added had higher bulk density 

an the sorghum flour which made to occupy 
more spaces during weighing and blending of the 
flours prior to the production of the chin-chin 
samples. It was observed that there was a 
significant (p > 0.05) decrease in the 
carbohydrate content of the fortified samples with 
an increase in the level of inclusion of the 
sorghum, soybean and breadfruit flours except 
for SGWF samples where significant (p < 0.05) 
increase occurred. However, the carbohydrate 
content of sample WF (control) was significantly 

(p < 0.05) higher than all the fortified samples 
except for samples from SGWF. 
 
4.2 Sensory Scores of the 

Samples from the Blends 
Sorghum, Soybean and 
Flours  

 
The sensory scores of the samples
blends of African breadfruit, soybean, sorghum 
and wheat flour are shown in Table 3.

 
4.2.1 Color 

 
The sensory scores for the color of the samples 
ranged from 6.10-7.95. Sample WF (control) had 
the highest score (7.95) which depicts that in 
terms of color it was the most preferred among 
all the samples, while SGWF2 had the least 
score (6.10) as shown in Table 3. Among all the 
fortified samples, SWF samples had the highest 
scores which ranged from 6.80 
increased with increase in the addition of 
soybean. This implies that the color of the 
samples was accepted by the panelists as the 
addition of soybean increased. The higher 
sensory scores observed in SWF samples could 
be attributed to the golden brown color of 
soybean flour which resulted to golden brown 
color of the chin-chin crust which the consumers 
found desirable as shown in Plate 1. There was a 
significant (p < 0.05) difference between sample 
WF (control) and other fortified samples. 
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Sensory Scores of the Chin-chin 
Blends of Wheat, 

and Breadfruit 

The sensory scores of the samples from the 
blends of African breadfruit, soybean, sorghum 
and wheat flour are shown in Table 3. 
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7.95. Sample WF (control) had 

the highest score (7.95) which depicts that in 
terms of color it was the most preferred among 
all the samples, while SGWF2 had the least 
score (6.10) as shown in Table 3. Among all the 

d samples, SWF samples had the highest 
scores which ranged from 6.80 - 6.95 and 
increased with increase in the addition of 
soybean. This implies that the color of the 
samples was accepted by the panelists as the 
addition of soybean increased. The higher 

nsory scores observed in SWF samples could 
be attributed to the golden brown color of 
soybean flour which resulted to golden brown 

chin crust which the consumers 
found desirable as shown in Plate 1. There was a 

erence between sample 
WF (control) and other fortified samples.  

CARBOHYDRATE



4.2.2 Texture 
 
The sensory scores for the texture of the 
samples ranged from 5.65-7.70 with the 100% 
wheat chin-chin (WF) having the highest score 
(7.70), while SGWF2 had the least score (5.6
It was observed that there was a significant (p < 
0.05) increase in the scores as the increase in 
the level of inclusion of sorghum, African 
breadfruit and soybean flours increased. There 
was a significant (p < 0.05) difference between 
sample WF (control) and other fortified samples.
 
Table 3. Sensory scores of chin-

 
Sample    Color Texture 

WF 7.95a±1.23 7.70a±1.34
BWF1 6.75

b
±0.97 6.35

bc
±1.23

BWF2 6.85
b
±1.14

 
 6.60

bc
±1.39

BWF3 6.70b±1.66 6.65b±1.53
SWF1 6.80

b
±1.15 6.50

bc
±1.05

SWF2 6.90b±1.25 6.40bc±1.50
SWF3 6.95

b
±1.36 6.40

bc
±1.31

SGWF1 6.70
b
±1.45 6.60

bc
±1.19

SGWF2 6.10b±1.33 5.65c±1.84
SGWF3 6.40

b
±1.19 6.75

b
±1.21

Note: Mean ± SD of triplicate determinations. Mean values along the same column with the same super scripts 
are not significantly (p < 0.05) different. WF= 100 % wheat flour, BWF1= 20 % breadfruit flour + 80 % wheat flour, 

BWF2= 30% breadfruit flour + 70% wheat flour, BWF3= 40
Soybean flour + 80 % wheat flour, SWF2= 30 % Soybean flour + 
60% wheat flour, SGWF1=  20% Sorghum flour + 80

flour, SGWF3=  40% Sorghum flour + 60
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The sensory scores for the texture of the 
7.70 with the 100% 

chin (WF) having the highest score 
(7.70), while SGWF2 had the least score (5.65). 
It was observed that there was a significant (p < 
0.05) increase in the scores as the increase in 
the level of inclusion of sorghum, African 
breadfruit and soybean flours increased. There 
was a significant (p < 0.05) difference between 

ol) and other fortified samples. 

4.2.3 Flavor  
 
The sensory scores for the flavor of the samples 
ranged from 5.70-7.85. Sample WF (control) had 
the highest score (7.85), while samples BWF1 
and SGWF2 had the least scores. Among the 
fortified samples, sample SWF2 had the highest 
score (6.80), this could be as a result of the 
characteristic aroma of soybean flour which 
consumers are familiar with. There was a 
significant (p < 0.05) difference between sample 
WF (control) and other fortified samples.

-chin produced from wheat, breadfruit, soybean and sorghum 
flours 

   Flavor Taste After taste Overall 
acceptability 

±1.34 7.85a±1.09 7.95a±1.19 7.50a±1.24 8.10
±1.23 5.70

c
±1.49 5.70

b
±1.53

   
5.50

bc
±1.50    5.75

±1.39 6.20
bc

±1.61 6.40
b
±1.54

    
6.05

bc
±1.23

    
 6.55

±1.53 6.80b±1.28 6.70b±1.45   6.20bc±1.47     7.00
±1.05 6.30

bc
±1.30 6.50

b
±1.47 6.25

bc
±1.74

    
 6.35

±1.50 6.80b±1.40 6.20b±1.64 5.75bc±1.65 6.50
±1.31 6.15

bc
±1.93 5.70

b
±1.87 5.85

bc
±1.73 6.10

±1.19 6.55
bc

±1.00 6.85
b
±1.14 6.50

b
±1.10 6.90

±1.84 5.70c±1.22 5.75b±1.80 5.35c±1.14 5.70
±1.21 6.15

bc
±1.76 6.70

b
±1.95 6.40

bc
±1.96 6.30

Note: Mean ± SD of triplicate determinations. Mean values along the same column with the same super scripts 
0.05) different. WF= 100 % wheat flour, BWF1= 20 % breadfruit flour + 80 % wheat flour, 

WF2= 30% breadfruit flour + 70% wheat flour, BWF3= 40% breadfruit flour + 60 % wheat flour, SWF1= 20
Soybean flour + 80 % wheat flour, SWF2= 30 % Soybean flour + 70% wheat flour, SWF3= 40% Soybean flour + 
60% wheat flour, SGWF1=  20% Sorghum flour + 80% wheat flour, SGWF2=  30% Sorghum flour + 70% wheat 

flour, SGWF3=  40% Sorghum flour + 60% wheat flour 
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of the samples 
7.85. Sample WF (control) had 

the highest score (7.85), while samples BWF1 
and SGWF2 had the least scores. Among the 
fortified samples, sample SWF2 had the highest 
score (6.80), this could be as a result of the 

ic aroma of soybean flour which 
consumers are familiar with. There was a 
significant (p < 0.05) difference between sample 
WF (control) and other fortified samples. 

fruit, soybean and sorghum 

Overall 
acceptability  
8.10a±0.91 
5.75

c
±1.07 

6.55
bc

±1.05 
7.00b±1.41 
6.35

bc
±1.60 

6.50bc±1.57 
6.10

bc
±1.59 

6.90
b
±1.12 

5.70c±1.98 
6.30

bc
±2.08 

Note: Mean ± SD of triplicate determinations. Mean values along the same column with the same super scripts 
0.05) different. WF= 100 % wheat flour, BWF1= 20 % breadfruit flour + 80 % wheat flour, 

ur + 60 % wheat flour, SWF1= 20% 
wheat flour, SWF3= 40% Soybean flour + 

SGWF2=  30% Sorghum flour + 70% wheat 

 



Plate 1. Chin-chin samples from the blends of wheat, so
Note: WF= 100% wheat flour, BWF1= 20% breadfruit flour + 80

wheat flour, BWF3= 40% breadfruit flour + 60
SWF2= 30% Soybean flour + 70% wheat flour, SWF3= 40
Sorghum flour + 80% wheat flour, SGWF2=  30

 
4.2.4 Taste  
 
The sensory scores for the taste of all the 
samples ranged from 5.70-7.95 with the sample 
WF (control) having the highest score (7.95) 
while sample BWF1 had the least score (5.70). 
The scores for taste for samples BWF ranged 
from 5.70-6.70, and it increased with incre
the addition of breadfruit flour. This could be 
attributed to the taste of breadfruit which was 
found out to be higher and better at higher 
concentration. Samples SWF had sensory 
scores for taste ranging from 5.70-
decreased with increase in soybean addition. It 
could be that, at higher concentrations of 
soybean, the consumers no longer found the 
taste of the samples’ desirable. Scores for the 
taste of samples SGWF ranged from 5.75
There was a significant (p < 0.05) difference 
between sample WF (control) and other fortified 
samples. 
 
4.2.5 After-taste 
 
The chin-chin samples had sensory scores 
ranging from 5.35-7.50 with SGWF2 having the 
least score (5.35) and sample WF (control) the 
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chin samples from the blends of wheat, soybean, sorghum and breadfruits

Note: WF= 100% wheat flour, BWF1= 20% breadfruit flour + 80% wheat flour, BWF2= 30% breadfruit flour + 70% 
wheat flour, BWF3= 40% breadfruit flour + 60% wheat flour, SWF1= 20% Soybean flour + 80% wheat flour, 

ur + 70% wheat flour, SWF3= 40% Soybean flour + 60% wheat flour, SGWF1=  20
+ 80% wheat flour, SGWF2=  30% Sorghum flour + 70% wheat flour, SGWF3=  40

flour + 60% wheat flour 

scores for the taste of all the 
7.95 with the sample 

WF (control) having the highest score (7.95) 
while sample BWF1 had the least score (5.70). 
The scores for taste for samples BWF ranged 

6.70, and it increased with increase in 
the addition of breadfruit flour. This could be 
attributed to the taste of breadfruit which was 
found out to be higher and better at higher 
concentration. Samples SWF had sensory 

-6.50 and this 
se in soybean addition. It 

could be that, at higher concentrations of 
soybean, the consumers no longer found the 
taste of the samples’ desirable. Scores for the 
taste of samples SGWF ranged from 5.75-6.85. 
There was a significant (p < 0.05) difference 

een sample WF (control) and other fortified 

chin samples had sensory scores 
7.50 with SGWF2 having the 

least score (5.35) and sample WF (control) the 

highest score. The sensory scores for after
of samples BWF increased (5.50
increase in the addition of breadfruit flour, while 
in samples SWF, the scores of the after
decreased as the inclusion of soybean flour 
increased. There was a significant (p < 0.05) 
difference between sample WF (control) and 
other fortified samples. 
 
4.2.6 Overall acceptability 
 
Scores for overall acceptability of the chin
samples ranged from 5.70-8.10. Sample WF 
(control) had the highest score (8.10) while 
BWF1 (20:80 breadfruit: wheat chin
least score (5.70). Samples BWF had the overall 
acceptability scores ranging from 5.75
this increased with increase in the addition of 
breadfruit flour. This means that the consumers 
preferred the samples BWF at higher 
concentration of the breadfruit. For samples 
SWF, the overall acceptability scores ranged 
from 6.10-6.50 and were highest at 30% soybean 
addition and lowest at 40% soybean addition. 
This means that beyond 30% soybean addition, 
the consumers found the chin-chin samples less 
appreciable. Overall acceptability scores for 
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and breadfruits 
WF2= 30% breadfruit flour + 70% 

ur + 80% wheat flour, 
% wheat flour, SGWF1=  20% 

% wheat flour, SGWF3=  40% Sorghum 

highest score. The sensory scores for after-taste 
of samples BWF increased (5.50-6.20) with an 
increase in the addition of breadfruit flour, while 
in samples SWF, the scores of the after-taste 
decreased as the inclusion of soybean flour 
increased. There was a significant (p < 0.05) 

le WF (control) and 

Scores for overall acceptability of the chin-chin 
8.10. Sample WF 

(control) had the highest score (8.10) while 
BWF1 (20:80 breadfruit: wheat chin-chin) had the 
least score (5.70). Samples BWF had the overall 

nging from 5.75-7.00 and 
this increased with increase in the addition of 
breadfruit flour. This means that the consumers 
preferred the samples BWF at higher 
concentration of the breadfruit. For samples 
SWF, the overall acceptability scores ranged 

6.50 and were highest at 30% soybean 
addition and lowest at 40% soybean addition. 
This means that beyond 30% soybean addition, 

chin samples less 
appreciable. Overall acceptability scores for 
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samples SGWF ranged from 5.70-6.90 and were 
highest at 10% sorghum addition and lowest at 
30% sorghum addition. There was a significant 
(p < 0.05) difference between sample WF 
(control) and other fortified samples. It was 
observed from the sensory scores of all the 
samples that sample WF (control) scored the 
highest, this was the most preferred of all the 
samples by the panelists, followed by sample 
BWF3 (30% breadfruit: wheat chin-chin). The 
preference for sample WF may be since the 
panelists are most conversant with the chin-chin 
produce from wheat flour. 
 

5. CONCLUSION AND RECOMMENDA-
TIONS 

 
Incorporation of breadfruit, soybean, and 
sorghum in the composites for chin-chin 
production affected the proximate composition 
and sensory properties of the chin-chin samples. 
The use of African breadfruit, soybean, and 
sorghum improved the nutritional content of the 
chin-chin samples with respect to their proximate 
composition. The chin-chin samples containing 
breadfruit and soybean recorded high protein 
contents which were higher than the 100% wheat 
chin-chin and the chin-chin samples containing 
sorghum recorded high ash content higher than 
the 100% wheat chin-chin. This means that 
African breadfruit, soybean, and sorghum can be 
used in a composite with wheat for chin-chin 
production in order to improve the nutritional 
adequacy of chin-chin and snack foods in 
general. Sensory scores showed that the chin-
chin samples were acceptable as none of the 
samples had a sensory score less than 5. 
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