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ABSTRACT 
 

Bread was produced from wheat (Trititum spp) orange flesh sweet potato (Ipomoea batatas L.) 
flour, starch and non-starch residue blends. The orange-fleshed sweet potatoes were washed, 
peeled, sliced, dried and milled to flour. The starch and non-starch residue were also produced 
from the orange-fleshed sweet potatoes. Different proportions of wheat and flour, wheat and starch 
and wheat and non-starch residue of orange-fleshed sweet potato with increasing level of orange-
fleshed sweet potato at 10, 20, 30 and 40% addition in wheat were prepared. Control samples 
were 100% wheat flour (A0), 100% orange-fleshed sweet potato flour (A1), 100% orange-fleshed 
sweet potato starch (B1) and 100% orange-fleshed sweet potato non-starch residue (C1). Breads 
from these different proportions were formulated. The proximate, mineral, vitamin, physical 
properties and sensory attributes of the bread samples and their composites were determined. The 
GENSTAT Statistical Software (version 17.0) was used for data analyses. The Proximate 
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compositions of the bread ranges as follows; moisture 26.30-36.21%, protein 0.85-7.89%, fat 6.33-
8.93%, fiber 0.82-4.92%, ash 0.56-2.11% and carbohydrates 41.26-64.84%. The physical 
properties of the breads ranged from 210.60-254.00 g, 0.05-2.40 mm, 317.60-440.60 cm

3
 and 

1.25-2.10 for loaf weight, oven spring, loaf volume and specific volume respectively. Mineral and 
vitamin composition for breads samples ranged respectively thus for calcium 18.45-33.21 zinc 
0.92-6.27, magnesium 0.28-19.33, phosphorus 31.00-319.60 and potassium 56.30-352.60, vitamin 
B1, 0.10-0.37, vitamin B2, 0.07-1.23, vitamin B6, 0.09-1.25, vitamin B12 0.04-1.13 mg/100 g, 
vitamin C 0.12-14.17 mg/100 g and vitamin A 0.00-8193 µg/100 g.The sensory evaluation results 
indicated that up to 20% substitution of wheat flour with orange-fleshed sweet potato flour, starch 
and non-starch residue flours was acceptable in bread formulation. 
 

 
Keywords: Proximate composition; loaf weight; loaf volume; mineral; vitamin and oven spring. 
 

1. INTRODUCTION 
 
Bread can be described as a fermented 
confectionary product produced mainly from 
wheat flour, water, yeast and salt by a series of 
processes involving mixing, kneading, proofing, 
shaping and baking [1]. Bread is an important 
staple food in both developing and developed 
countries and constitutes one of the most 
important sources of nutrients such as 
carbohydrate, protein, fiber, vitamins and 
minerals in the diets of many people worldwide 
[2]. The consumption of bread in Nigeria is on a 
steady increase because it is a convenient and 
ready to eat food normally consumed at 
breakfast, lunch, and sometimes dinner [3]. 
There is no household or family in Nigeria that 
does not consume bread at least once a day, 
since its consumption cut across socioeconomic 
class and is acceptable to both children and 
adults. Bread has gained wide consumer 
acceptance for many years in Nigeria [4,5]. 
Bread and other baked products are however 
relatively expensive, as they are produced from 
wheat which, as a result of climatic reasons, 
does not grow well in the tropics and has to be 
imported [6]. 
 
Composite flour can be defined as a mixture of 
several flours obtained from roots and tubers, 
cereal, legumes, etc., with or without the addition 
of wheat flour [7]. Usually, the aim of producing 
composite flour is to get a product that is better 
than the individual components.  Composite flour 
is considered advantageous in developing 
countries as it reduces the importation of wheat 
flour and encourages the use of locally grown 
crops as flour [8,9,10] also defined composite 
flour as a mixture of flours obtained from tubers 
which are rich in starch such as cassava, yam, 
potato, and protein-rich flour and cereals, with or 
without wheat flour that is created to satisfy 
specific functional characteristics and nutrient 

composition For example, wheat with sweet 
potatoes [11], wheat and cassava [12]. 
 

Sweet potato (Ipomea batatas) is a tuber                       
of the herbaceous climbing plant known in              
Britain much earlier than the Irish potato.                  
Sweet potato is another of the world’s most 
important food crops and an important                     
staple in Nigeria and other developing countries 
[13]. It is a low input crop and is used as 
vegetable, a desert, a source of starch and 
animal feed [13]. 
 
The orange-fleshed sweet potato (OFSP) 
varieties are rich in β-carotene, the major 
precursor of vitamin A. This biofortified                     
variety was developed using conventional 
breeding practices drawing on sweet potato rich 
genetic diversity. According to Nteranya and 
Adiel [14], the OFSP (along with the yellow root 
cassava) are examples of how research can be 
transferred to development on a continent-wide 
scale. Furthermore, they added that new 
employment and income generation 
opportunities were created through improved 
value chains and the development of novel 
products contributing to a more stable food 
system and predictable source of income. The 
objectives of this research work were to evaluate 
the Physico-chemical and sensory attributes of 
bread substituted with orange-fleshed sweet 
potato flour, starch and non-starch residue flour 
blends. 
 

2. MATERIALS AND METHODS 
 
2.1 Source of Raw Materials 
 

Orange-fleshed sweet potato, OFSP (Ipomea 
batatas L. Lam), (Mother’s delight) was 
purchased from the Raw Material Research                      
and Development Centre (RMRDC) commercial 
outlet in Kaduna. Baking materials: wheat                      
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flour (Dangote), sugar (Dangote), yeast                     
(Instant dry yeast, Hangzou, China),                      
margarine (Simas), salt (Mr. Chef) were 
purchased from a Supermarket in Kaura 
Namoda, Zamfara State. Packaging                      
material: Johnson’s polyethylene ziplock double 
zipper storage bags (26.8 x 27.3 cm; 17.7 x 19.5 
cm) were purchased from the Abubakar                      
Gumi Central Market, Kaduna. All laboratory 
materials and reagents used were of                      
analytical grade. The raw materials were properly 
cleaned by removing extraneous matter prior to 
their subjection to different processing 
treatments. 
 

2.2 Preparation of Raw Materials 
 

2.2.1  Production of orange-fleshed sweet 
potato (OFSP) flour 

 

Native Orange fleshed sweet potato (OFSP) flour 
was produced according to the method of Avula 
[15], with modification. OFSP tubers were 
washed and peeled manually with knives, 
keeping them in water to prevent enzymatic 
browning. The tubers were trimmed                           
and sliced thinly (manually) and oven dried at 
60

°
C, milled, sieved (0.5 mm), packaged in 

polyethylene bag and labeled accordingly      
(Fig. 1). 

2.2.2 Production of OFSP Starch and non-
starch residue 

 

Starch was prepared from sweet potato                   
roots according to the method of Soison et al. 
[16], with modification as presented in Fig. 2. 
Roots were cleaned under running tap                      
water, then manually peeled and milled in a food 
processor (MK-5080, National, Malaysia) by 
adding 1:1 (w/w) of clean water ratio for 2                     
min at medium speed. After filtering through 
sieve, the residue was subjected to repeated 
extraction with water (1:0.5, w/w). The filtrate 
was mixed and filtered through muslin cloth.                   
The starch slurry was allowed to settle for 2-3 h 
at room temperature (30±2

°
C). The supernatant 

was poured off. The starch in the                            
bottom of container was re-suspended in                      
water, filtered through cloth bag and kept in the 
refrigerator (8±1°C) to settle. The                            
settling process was repeated three times. The 
sediment starch was dried in a convection oven 
at 50

°
C for 6 h, cooled to room temperature, 

packed and sealed in polyethylene bags. Non 
starch residue pulled together from the filtering 
processes was oven dried at 60

°
C for 7 h, cooled 

to room temperature, packaged, and labeled 
accordingly. Dried starch and non-starch residue 
were milled, sieved, packaged and refrigerated 
prior to use. 

 

 
 

Fig. 1. Flow chart for the production of native orange-fleshed sweet potato (OFSP) flour 
Source: Avula [15] with modification 



 
 
 
 

Kure et al.; AFSJ, 20(3): 1-17, 2021; Article no.AFSJ.65789 
 
 

 
4 
 

 
 

Fig. 2. Flow chart for the production of orange-fleshed sweet potato starch and non-starch residue 
Source: Soison et al. [16] with modification 
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2.2.3 Blend formulation 
 
Various flour blends of wheat flour (WF) and 
either OFSP flour, starch or non-starch residue 
were produced with 10, 20, 30, and 40 percent 
OFSP component into wheat flour, respectively. 
(Table 1). 
 
2.2.4  Production of bread and composite 

bread 
 
Bread and composite bread were produced using 
the Straight dough method [17]. Ingredients 
(wheat flour or composite flour, fat, water, instant 
dry yeast, sugar and salt) (Table 2) were mixed 
together in various proportions for 15 min. After 
mixing, the dough was kneaded properly until 
soft, moulded, and shaped into greased pans for 
proofing. The dough was proofed in a                       
proofing cabinet for 2 hours at 50°C and 
thereafter baked in a preheated electric oven at 
230°C for 30 min. Bread samples were de-
panned, cooled, packed in polyethylene bags 
and stored at ambient temperature till 
subsequent analyses (Fig. 3). 
 

2.3 Determination of Proximate Composi-
tion 

 
The proximate composition of the bread        
samples were determined by the standard 
methods described by the AOAC [19]. 
Carbohydrate content was determined by 
difference [20]. 
 
2.3.1 Moisture 
 
Moisture content was determined using the air 
oven drying method. A clean dish with a lid was 
dried in an oven (GENLAB, England B6S, serial 
no: 85K054) at 100°C for 30 min. It was cooled in 
a desiccator and weighed. 2 g of sample was 
then weighed into the dish. The dish with its 
content was then put in the oven at 105°C and 
dried to a fairly constant weight.                                
The loss in weight from the original sample 
(before heating) was reported as percentage 
moisture. 
 

% �������� =
������ ���� (�����)

�������������� (�����)
� 100       (1) 

 
�ℎ��� 
 
 �1 =  ����ℎ� �� ���ℎ, 
�2 =  ����ℎ� �� ���ℎ +  ������ ������ ������, 
�3 =  ����ℎ� �� ���ℎ +  ������ ����� ������. 

2.3.2 Crude protein 
 
The Kjeldahl method was used to                        
determine crude protein. Two (2 g) of                        
sample was weighed into a Kjeldahl digestion 
flask using a digital weighing balance (3000 g x 
0.01 g 6.6 LB). A catalyst mixture weighing                    
0.88 g (96% anhydrous sodium sulphate, 3.5% 
copper sulphate and 0.5% selenium dioxide)              
was added. Concentrated sulphuric acid (7 ml) 
was added and flask swirled to mix content.                  
The Kjeldahl flask was heated gently in an 
inclined position in the fume chamber                        
until no particles of the sample was adhered to 
the side of flask. The solution was heated                     
more strongly to make the liquid boil with 
intermittent shaking of the flask until                          
clear solution was obtained. The solution                     
was allowed to cool and diluted to 25 ml with 
distilled water in a volumetric flask. 10 ml of 
diluted digest was transferred into a steam 
distillation apparatus. The digest was made 
alkaline with 8 ml of 40% NaOH. To the            
receiving flask, 5 ml of 2% boric acid solution 
was added and 3 drops of mixed indicator was 
dropped. The distillation apparatus was 
connected to the receiving flask with the delivery 
tube dipped into the 100 ml conical flask and 
titrated with 0.01 M HCl. A blank titration was 
done. The percentage of nitrogen was calculated 
from the formula: 
 

% �������� =
(���)×�.����×���×�

������ ������
                              (2) 

 
Where,  
 
S = sample titre,  
B = Blank titre,  
S - B = Corrected titre,  
D = Dilution factor 
% Crude Protein = % Nitrogen x 6.25 (correction 
factor). 
 
2.3.3 Crude fat 
 
Crude fat was determined using the Solvent 
extraction method. 5 g sample was weighed into 
a thimble and loose plug fat free cotton wool was 
fitted into the top of the thimble with its content 
inserted into the bottom extractor of the Soxhlet 
apparatus. Flat bottom flask (250 ml) of known 
weight containing 150 – 200 ml of 40 – 60

°
C 

hexane was fitted to the extractor. The apparatus 
was heated and fat extracted for 8 h. The solvent 
was recovered and the flask (containing oil and 
solvent mixture) was transferred into a hot air 
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oven (GENLAB, England B6S, serial no: 
85K054) at 105

°
C for 1 h to remove the residual 

moisture and to evaporate the solvent. It                  
was later transferred into a desiccator to cool         

for 15 min before weighing. The Percentage of 
fat content was calculated as 
 

% �������� =
������ �� ��������� ���

������ �� ������
� 100         (3) 

 
Table 1. Blend formulation 

 
Sample Code Description 
A0 
A1 
A2 
A3 
A4 
A5 

100% Wheat Flour 
100% OFSP Flour 
90:10 Wheat Flour: OFSP Flour 
80:20 Wheat Flour: OFSP Flour 
70:30 Wheat Flour: OFSP Flour 
60:40 Wheat Flour: OFSP Flour 

B1 
B2 
B3 
B4 
B5 

100% OFSP Starch flour 
90:10% Wheat Flour: OFSP Starch flour 
80:20% Wheat Flour: OFSP Starch flour 
70:30% Wheat Flour: OFSP Starch flour 
60:40% Wheat Flour: OFSP Starch flour 

C1 
C2 
C3 
C4 
C5 

100% Non-starch Residue flour 
90:10% Wheat Flour: Non-starch Residue flour  
80:20% Wheat Flour: Non-starch Residue flour 
70:30% Wheat Flour: Non-starch Residue flour 
60:40% Wheat Flour: Non-starch Residue flour 

OFSP: Orange fleshed sweet potato 
 

Table 2. Ingredients for production of bread 
 

Component Bread composition  
Flour (g)* 
Yeast (g) 
Sugar (g) 
Salt (g) 
Fat (g) 
Water (ml) 

100 
2.5 
5 
1 
3.00 
65 

* Wheat or composite flour Source: Igbabul et al. [18] with modification 
 

 
 

Fig. 3. Flow chart for the production of bread and composite bread  
Source: Dabels et al. [17], with modification 
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2.3.4 Crude fiber 
 

Two gram (2 g) of the sample was extracted 
using diethyl ether. This was digested and 
filtered through the California Buchner system. 
The resulting residue was dried at 130 ± 2

°
C for 

2 h, cooled in a desiccator and weighed. The 
residue was then transferred in to a muffle 
furnace (Shanghai box type resistance furnace, 
No.: SX2-4-10 N) and ignited at 550°C for 30 
min, cooled and weighed. The percentage of 
crude fiber content was calculated as: 
 
% ����� ����� =

���� �� ������ ����� ������������

������ �� �������� ����
× 100           (4) 

 
2.3.5 Ash 
 

Two gram (2 g) of sample was weighed into an 
ashing dish which had been pre-heated, cooled 
in a desiccator and weighed soon after reaching 
room temperature. The crucible and content was 
then heated in a muffle furnace (Shanghai box 
type resistance furnace, No.: SX2-4-10 N) at 
550°C for 6-7 h. The dish was cooled in a 
desiccator and weighed soon after reaching 
room temperature. The total ash was calculated 
as percentage of the original sample weight. 
 

% ��ℎ =
(�����)

(�����)
� 100                                    (5) 

 
�ℎ���:  
 

�1 =  ����ℎ� �� ����� ��������, 
�2 =  ����ℎ� �� �������� 

+  ������ ������ ��ℎ���, 
�3 =  ����ℎ� �� �������� 

+  ������� ����� ��ℎ���. 
 

2.3.6 Carbohydrate 
 
Carbohydrate content was determined by 
difference, viz: 
 

% �����ℎ������
= 100
− (% �������� + %�������
+ %��� + %��ℎ 
+  %�����)                                 (6) 

 

2.4 Determination of the Mineral Content 
 

The mineral content (Ca, Zn, P and K) of the 
bread samples were determined using the 
standard methods described by the AOAC [18]. 
The bread samples produced from wheat, 
orange-fleshed sweet potato flour, starch and 
non-starch residue flour blends were subjected to 

mineral content determination, the Ca was 
determined by precipitation method, Zn and Mg 
by Absorption spectrophotometer, P by calorific 
method and K determined by Flame Photometry. 
 
2.5 Determination of the Vitamin Content 
 
The bread samples produced were subjected to 
vitamin content determination, the B1, B2, B6 
and B 12 were determined by High-Performance 
Liquid Chromatography (HPLC) and Vitamin A by 
AAS as described by AOAC [19]. 
 

2.6 Determination of the Physical 
Properties 

 
The physical properties (loaf weight, oven spring, 
loaf volume, and specific volume) of the bread 
samples were determined using standard 
methods described by Mepba et al. [21]. 
 
2.6.1 Loaf weight 
 
The bread samples were weighed using a 
weighing balance (Model KD- BN (CN), V5 0-
2010). 
 
2.6.2 Oven spring 
 
Each dough height was measured before baking 
using a straight-edged metric rule and height of 
loaf was measured again after baking. The 
difference in height of the respective loaves were 
recorded as the oven spring. 
 
���� ������ = ����ℎ� ����� ������ −
����ℎ� ������ ������            (7) 
 
2.6.3 Loaf volume 
 
Determination of loaf volume was by a 
modification of the seed displacement method of 
Giami et al. [22]. Loaf volume was measured 50 
min. after loaves were removed from the oven. A 
box of fixed dimensions (27.5 ×11 ×12.5 cm)               
of internal volume 3781.25 cm

3 
was filled with 

pearl millet grain; a straight edge ruler was used 
to cut off all grains above the container rim. The 
grains were poured out and weighed (W1).                  
A weighed loaf was placed in the container and 
the weighed seeds were used to fill the container 
and leveled off as before. The overspill                
was weighed (W2) and from the weight           
obtained, volume of pearl millet displaced                          
by the loaf was calculated using the following 
equation. 
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����������(���) =
��×������ ������ �� ��������� 

��
    (8) 

 
�ℎ��� 
 
�1 =  ����ℎ� �� ����� ������ �ℎ�� ������ �ℎ� ��������� 
�2 =  ����ℎ� �� ����� ������ ������ ��������� �� �ℎ� ���� 
 

2.6.4 Specific volume 
 
The specific loaf volume was determined by 
dividing the loaf volume by its corresponding loaf 
weight (cm

3
/g). Thus, it is the ratio between loaf 

volume and loaf weight. 
  

�������� ������ �
���

�
� =

���� ������

���� ������
                (9) 

 

2.7 Determination of the Sensory 
Attributes 

 

2.7.1 Test for acceptability 
 

A semi-trained panel of 20 judges made up of 
male and female staff and students of the 
Department of Food Technology, Federal 
Polytechnic, Kaura Namoda, Zamfara State was 
used. The panelists were educated on the 
respective descriptive terms of the sensory 
scales and requested to evaluate the various 
bread samples for taste, appearance, texture, 
aroma and overall acceptability using a 9-point 
Hedonic scale, where 9 was equivalent to like 
extremely and 1 meant dislike extremely. 
Presentation of coded samples were done 
randomly and portable water was provided for 
rinsing of mouth in between the respective 
evaluations [20]. 
 

2.8 Statistical Analyses 
 
Data generated from the respective analyses 
were compiled appropriately and subjected to 
Analysis of Variance. Mean separation for 
sensory results was done using the Fischer’s 
least significance difference test. All other data 
had the means separated using the Duncan 
Multiple Range test (GENSTAT Statistical 
package, version 17.0). 
 

3. RESULTS AND DISCUSSION 
 

3.1  Proximate Composition of Bread and 
Composite Breads 

 
Among the control bread samples, the moisture 
contents are not significantly (p>0.05) different 
but the moisture contents of the breads showed 
an increased value with the addition of orange-

fleshed sweet potato flour, starch and non-starch 
residue respectively. A similar increased trend 
was observed by Mais [23] and Aprianita et al. 
[24] for flour, starch and non-starch residue of 
sweet potato. The values of the protein contents 
of the bread samples are significantly (p<0.05) 
different. With the addition of orange-fleshed 
sweet potato flour, starch and non-starch 
residue, protein values increased but lower 
protein values were recorded for the control 
bread samples of B1 and C1. Eric [25], Eke-
Ejiofor [26] and Soison et al. [16] reported low 
protein contents of sweet potato starch. The 
increased protein contents in the composite 
breads could be attributed to the high protein 
content in wheat more than in orange-fleshed 
sweet potato [23,27]. The result is in agreement 
with the findings of Greene and Bovel-Brenjamin 
[28] who reported 7.7 and 7.5 % protein contents 
found in bread supplemented with sweet potato 
flour. Fat acts as lubricating agent which 
improves the quality of the bread in terms of 
texture and flavour. Also, fat provides energy and 
is essential as it carries along fat soluble vitamins 
A, D, E and K [29]. The bread samples also 
recorded increased values of fat with the addition 
of orange-fleshed sweet potato flour, starch and 
non-starch residue. The fat contents of the 
orange-fleshed sweet potato flour breads are 
higher than those of starch and non-starch 
residue breads which are similar to the findings 
of Zhenghong [30]. 
 
The crude fiber contents of the composite           
breads compare favorably with the wheat                  
control bread but higher than the control breads 
from orange-fleshed sweet potato flour, starch 
and non-starch residue. But greater fiber 
contents are found in composite breads of 
orange-fleshed sweet potato flour than in starch 
and non-starch residues. The increase was as 
the result of high fiber content of composite 
bread of orange-fleshed sweet potato flour than 
in starch and non-starch residue. Fiber 
consumption has been linked to decreased 
incidence of heart disease, various types of 
cancer and diverticulosis [31]. The high fiber 
contents of the composite breads of orange-
fleshed sweet potato flour suggest that they 
would be ideal food for people suffering from 
obesity, diabetes, cancer and gastrointestinal 
disorders [32]. Sample A5 recorded the highest 
ash content. High ash contents were observed in 
breads produced from orange-fleshed sweet 
potato flour more than breads produced from 
orange-fleshed sweet potato starch and non-
starch residue. 
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Table 3. Proximate (%) composition of bread and composite breads 
 

Sample Moisture Protein Fat Fiber Ash Carbohydrate 
A0 29.37ab±0.06 7.05cd±0.02 6.82b±0.01 4.92l±0.01 2.01d±0.01 49.84de±0.04 
A1 30.14

abc
±0.02 7.89

h
±0.01 8.82

gh
±0.01 1.23

c
±0.01 0.56

a
±0.01 51.37

e
±0.01 

A2 32.16
bcde

±0.06 7.01
c
±0.00 8.52

f
±0.01 4.34

h
±0.03 2.02

d
±0.01 45.95

bcd
±0.06 

A3 31.38bcd±0.35 7.09cde±0.00 8.78g±0.21 4.67i±0.01 2.10d±0.01 45.99bcd±0.17 
A4 34.20

cde
±0.01 7.10

cde
±0.00 8.93

h
±0.00 4.72

j
±0.01 2.09

d
±0.01 42.97

ab
±0.01 

A5 36.21e±0.14 7.11de±0.01 8.55f±0.01 4.77k±0.01 2.11d±0.00 41.26a±0.12 
B1 29.32

ab
±0.01 0.85

a
±0.05 6.93

b
±0.01 1.01

b
±0.01 1.48

c
±0.35 60.41

f
±0.43 

B2 34.68de±0.78 7.06cd±0.06 7.20cd±0.01 3.65e±0.05 1.15b±0.06 46.27bcd±0.74 
B3 33.27bcde±0.51 7.22fg±0.01 7.39e±0.01 3.61d±0.01 1.10b±0.00 47.42cde±0.52 
B4 34.08

cde
±0.08 7.17

ef
±0.12 7.27

de
±0.01 3.62

de
±0.00 1.10

b
±0.00 46.77

bcd
±0.06 

B5 36.02e±0.13 7.29g±0.00 7.16cd±0.04 3.62de±0.00 1.12b±0.00 44.80abc±0.09 
C1 26.30

a
±7.09 1.09

b
±0.00 6.33

a
±0.01 0.82

a
±0.01 0.63

a
±0.01 64.84

g
±7.11 

C2 33.24bcde±0.07 7.24fg±0.01 7.13c±0.00 3.83f±0.00 1.23b±0.00 47.34cde±0.06 
C3 33.05

bcde
±0.06 7.25

fg
±0.05 7.10

c
±0.01 3.88

g
±0.00 1.30

bc
±0.09 47.44

cde
±0.12 

C4 34.55
de

±0.50 7.28
g
±0.01 7.15

cd
±0.06 3.82

f
±0.00 1.22

b
±0.01 45.99

bcd
±0.55 

C5 33.33bcde±0.04 7.28g±0.01 7.11c±0.01 3.82f±0.01 1.22b±0.01 47.25bcde±0.03 
Values are means ± standard deviations of triplicate determinations. Means in the same column with different 

superscripts differ significantly (p<0.05). Key: A0= 100% wheat flour. A1= 100% OFSP, A2= 90:10 Wheat flour: 
OFSP flour. A3= 80:20 Wheat flour: OFSP flour. A4= 70:30 Wheat flour: OFSP flour. A5= 60:40 Wheat flour: 
OFSP flour. B1= 100% OFSP Starch. B2= 90:10 Wheat flour: OFSP Starch. B3= 80:20 Wheat flour: OFSP 
Starch. B4= 70:30 Wheat flour: OFSP Starch. B5= 60:40 Wheat flour: OFSP Starch. C1= 100% Non-starch 

Residue. C2= 90:10 Wheat flour: Non-starch Residue. C3= Wheat flour: Non-starch Residue. C3= 80:20 Wheat 
flour: Non-starch Residue. C4= 70:30 Wheat flour: Non-starch Residue. C5= 60:40 Wheat flour: Non-starch 

Residue. 
 

Table 4. Mineral composition (mg/100 g) of bread and composite breads 
 

Sample Calcium Zinc Magnesium Phosphorus Potassium 
A0 25.24bc±0.12 2.10de±0.00 3.90e±0.00 241.70d±0.56 301.20cde±1.27 
A1 29.61

g
±0.56 6.27

h
±0.08 0.28

a
±0.05 300.20

i
±0.04 60.20

a
±1.41 

A2 25.64cd±0.50 2.05d±0.06 3.91e±0.01 256.70f±0.67 60.20a±1.41 
A3 26.05

de
±0.06 2.11

de
±0.01 3.92

e
±0.00 258.70

g
±0.79 254.20

bc
±63.41 

A4 25.91de±0.02 2.12e±0.00 3.91e±0.00 259.10g±0.08 301.10cde±0.15 
A5 26.00de±0.00 2.12e±0.00 3.93e±0.00 259.20g±0.01 303.20cde±0.23 
B1 18.45

a
±0.36 1.11

b
±0.01 19.33

f
±0.01 31.00

a
±0.06 216.10

b
±4.17 

B2 26.20e±0.02 0.94a±0.03 1.76b±0.05 214.80c±2.69 262.10bcd±70.85 
B3 26.20

e
±0.02 0.92

a
±0.01 1.75

b
±0.03 215.60

c
±0.45 315.20

de
±1.34 

B4 25.05b±0.06 1.93c±0.01 1.79b±0.01 216.20c±0.12 314.30de±0.04 
B5 24.95

b
±0.05 1.93

c
±0.01 1.79

b
±0.00 215.60

c
±0.45 319.70

e
±0.69 

C1 33.21
h
±0.11 2.44

g
±0.01 3.19

cd
±0.01 123.10

b
±0.12 56.30

a
±0.01 

C2 29.23g±0.05 2.37f±0.01 2.92c±0.72 244.20e±0.00 317.80de±2.16 
C3 28.26

f
±0.10 2.38

f
±0.01 3.43

d
±0.01 269.20

h
±0.02 331.60

e
±0.50 

C4 28.39f±0.01 2.38f±0.00 3.43d±0.00 299.30i±0.09 339.00e±0.16 
C5 28.41

f
±0.01 2.39

fg
±0.01 3.45

d
±0.00 319.60

j
±0.71 352.60

e
±0.61 

Values are means ± standard deviations of triplicate determinations. Means in the same column with different 
superscripts differ significantly (p<0.05). Key: A0= 100% wheat flour. A1= 100% OFSP, A2= 90:10 Wheat flour: 
OFSP flour. A3= 80:20 Wheat flour: OFSP flour. A4= 70:30 Wheat flour: OFSP flour. A5= 60:40 Wheat flour: 
OFSP flour. B1= 100% OFSP Starch. B2= 90:10 Wheat flour: OFSP Starch. B3= 80:20 Wheat flour: OFSP 
Starch. B4= 70:30 Wheat flour: OFSP Starch. B5= 60:40 Wheat flour: OFSP Starch. C1= 100% Non-starch 

Residue. C2= 90:10 Wheat flour: Non-starch Residue. C3= 80:20 Wheat flour: Non-starch Residue. C4= 70:30 
Wheat flour: Non-starch Residue. C5= 60:40 Wheat flour: Non-starch Residue. 

 
Carbohydrate provides heat and energy for all 
forms of body activities and as such its 
inadequacy can cause the body to divert proteins 

and body fat to produce needed energy and this 
might lead to depletion of body tissues [33]. 
Addition of wheat flour significantly reduced the 
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carbohydrate contents of the composite breads 
of wheat and orange-fleshed sweet potato flour, 
starch and non-starch residue due to the higher 
carbohydrate content in orange-fleshed sweet 
potato more than wheat [27].  
 

3.2  Mineral Composition of Bread and 
Composite Breads 

 

Calcium is necessary for supporting bone 
formation and growth; it also helps in the 
maintenance of healthy teeth, skeletal and soft 
tissue, mucous membranes and skin [34]. 
Sample C1 which is the bread produced from 
orange-fleshed sweet potato non-starch residue 
had the highest calcium content followed by 
sample A1 which is the bread produced from 
orange-fleshed sweet potato flour. Perhaps the 
non-starch residue has more deposits of calcium 
than its flour and starch counterparts. 
 

Zinc plays an important role in body where 
deficiency symptoms are shown in many ways. 
Zinc is required for good immune system 
function, cell growth, wound healing, and insulin 
function [35]. Significantly (p<0.05), orange-
fleshed sweet potato flour bread was higher in 
zinc content than all other samples and sample 
B3 had the least zinc content. 
 

The highest magnesium content was found in the 
bread of orange-fleshed sweet potato starch 
while the orange-fleshed sweet potato flour 
bread had the lowest. 
 
The breads recorded high values of phosphorus 
but more prominent in the breads of orange-
fleshed sweet potato non-starch residue which 
had the highest phosphorus content in sample 
C5. The least content reported was in the bread 
produced from orange-fleshed sweet potato 
starch. The composite breads recorded 
appreciable content of phosphorus. 
 

The orange-fleshed sweet potato non-starch 
residue had highest potassium content. The 
amount of calcium, zinc, magnesium, 
phosphorus and potassium increased 
significantly in the composite breads in relative to 
the control breads and this could be attributed to 
the presence of minerals in orange-fleshed sweet 
potato as reported by Ganiyat et al. [36], Gisele 
et al. [37] and Satheesh and Solomon [38] 
thereby agreeing with Igbabul et al. [18] and 
Oluwalana et al. [39] who reported increased 
minerals in composite bread. All the bread 
samples appeared to be good sources of 
minerals. 

3.3  Vitamin Content of Bread and 
Composite Breads 

 
There was an observed increased vitamin B1 
with the composite bread of orange-fleshed 
sweet potato flour (A2-A5) more the breads from 
100% orange-fleshed sweet potato flour (A1) and 
starch (B1). Vitamin B2 (riboflavin) plays a crucial 
role in the body’s metabolism. The bread 
samples showed high vitamin C contents in the 
control bread samples of 100% orange-fleshed 
sweet potato flour, starch and non-starch 
residue. The values tended to decrease with 
wheat flour and consequently in the composite 
flours. This could be attributed to the vitamin C 
content of orange-fleshed sweet potato [40,41] 
and the lack of vitamin C in wheat as earlier 
reported by Dabels [17]. 
 
Vitamin A is an essential nutrient required for 
maintaining immune function. It is often known as 
retinol because it produces the pigment in the 
retina of the eye [42]. Vitamin A refers to 
provitamin A carotenoids and the preformed 
retinols, plus their metabolites. Vitamin A had its 
significant (p<0.05) highest content in the control 
bread of orange-fleshed sweet potato flour(A0) 
and was followed by the control bread of orange-
fleshed sweet potato non-starch residue(C1). 
Composite breads of orange-fleshed sweet 
potato flour and non-starch residue showed 
appreciable vitamin A contents. The high content 
of vitamin A in the breads of orange-fleshed 
sweet potato the flour and non-starch residue 
was due to the high vitamin A content of orange-
fleshed sweet potato [43]. 
 

3.4  Physical Properties of Bread and 
Composite Breads 

 
Physical properties are properties that can                   
be measured or observed without changing the 
chemical nature of the substance. The                     
inclusion of orange-fleshed sweet potato flour, 
starch and non-starch residue significantly 
(p<0.05) affected the physical properties of 
normal wheat control bread. Mais [23]                   
observed similar results. The observed increase 
in weight of composite breads of orange-fleshed 
sweet potato flour, starch and non-starch            
residue more than the bread from 100 %                  
wheat was as a result of less retention of                       
carbon-dioxide gas in the blended dough, hence 
providing dense bread texture. Also, the                   
higher moisture contents of the composite 
breads observed in the proximate                    
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composition could have contributed to the higher 
loaf weight relative to 100 % wheat bread [32]. 
The results of this study are in-line with the 
findings of Sengev et al. [44]; Amir et al. [45], 
Igbabul et al. [18] and Ufot and Inemesit [32], 
who reported increased bread loaf weight with 
the increased substitution of wheat flour with 
sweet potato, Moringa oleifera leaf                       
powder, cocoa pod husk powder, maize/orange-
fleshed sweet potato and unripe plantain 
respectively. 
 
The dilution effect of the wheat gluten was the 
reason for the observed increased oven spring in 
composite breads in relation to the breads 
produced from 100 % orange-fleshed flour, 
starch and non-starch residue. The loaf volume 
and specific volume of the composite breads of 
orange-fleshed sweet potato flour, starch and 
non-starch residue are significantly lower than 
the bread produced from 100 % wheat flour. The 
reason for this trend could be due to the 
reduction in the amount of gluten and a lower 
ability of the dough to enclose air. The 
substitution of orange-fleshed sweet potato in 
both flour, starch and non-starch residue may 
have reduced the gluten content and this might 

explain the observed decreases in some of the 
baking characteristics of the composite breads. 
Several other researchers have also observed 
reduction in the loaf volume and specific volume 
of bread when non wheat flours were 
incorporated to wheat flour [46,47]. Reduction in 
these baking characteristics with the addition of 
orange-fleshed sweet potato flour, starch and 
non-starch residue could lower acceptability of 
the bread samples. The lower specific loaf 
volume of the breads could be responsible for 
their higher loaf weights [39]. 
 

3.5  Sensory Attributes of Bread and 
Composite Breads 

 

Taste is a sensory parameter that affects the 
quality and acceptability of food products. The 
100 % wheat bread tasted significantly (p<0.05) 
better than other products. Taste scores of bread 
of orange-fleshed sweet potato starch (B1) and 
its composite breads (B2-B5) were not 
significantly (p>0.05) different from each other. 
Also, composite breads of orange-fleshed sweet 
potato non-starch residue (C2-C5) showed no 
significant (p>0.05) difference in their taste 
scores. 

 
Table 5. Vitamin content of bread and composite breads 

 
Sample  Vitamins (mg/100g)  

B1 B2 B6 B12 C A(µg/100g) 
A0 0.28

e
±0.00 0.10

abc
±0.00 0.52

b
±0.00 0.31

bcde
±0.01 0.12

a
±0.01 0.00

a
±0.00 

A1 0.10a±0.00 1.23f±0.01 0.92f±0.01 0.04a±0.03 6.39d±0.01 8193.00k±0.08 
A2 0.29

f
±0.00 0.10

ab
±0.00 0.54

cd
±0.01 0.32

cde
±0.00 0.18

a
±0.00 609.00

f
±0.16 

A3 0.29f±0.00 0.14abcd±0.01 0.54de±0.00 0.32cde±0.00 0.28a±0.01 765.00g±2.04 
A4 0.30f±0.00 0.16bcd±0.00 0.53bcd±0.00 0.31bcde±0.00 0.31a±0.00 889.00h±0.62 
A5 0.29

f
±0.01 0.18

cd
±0.00 0.54

de
±0.00 0.33

e
±0.01 0.61

ab
±0.02 1000.00

i
±0.16 

B1 0.12b±0.00 0.07a±0.01 0.09a±0.00 1.13f±0.01 14.17f±0.06 0.00a±0.00 
B2 0.21

c
±0.00 0.13

abcd
±0.01 0.53

bc
±0.01 0.30

bc
±0.01 1.22

bc
±0.01 0.00

a
±0.00 

B3 0.21c±0.00 0.19d±0.00 0.53bcd±0.00 0.29b±0.00 1.25bc±0.06 0.00a±0.00 
B4 0.23

d
±0.00 0.13

abcd
±0.00 0.52

b
±0.00 0.31

bcde
±0.00 1.24

bc
±0.01 0.00

a
±0.00 

B5 0.23
d
±0.00 0.14

abcd
±0.00 0.52

b
±0.00 0.33

e
±0.01 1.36

bc
±0.04 0.00

a
±0.00 

C1 0.37g±0.00 0.82e±0.13 1.25g±0.01 2.23g±0.01 13.01e±1.41 7993.00j±3.67 
C2 0.29

f
±0.00 0.13

abcd
±0.01 0.53

cd
±0.01 0.30

b
±0.01 1.93

c
±0.01 53.00

b
±0.03 

C3 0.29f±0.00 0.13abcd±0.00 0.54de±0.01 0.30bcd±0.00 1.93c±0.00 86.00c±0.11 
C4 0.29

f
±0.00 0.13

abcd
±0.00 0.55

e
±0.00 0.31

bcde
±0.00 1.99

c
±0.00 128.00

d
±2.18 

C5 0.29
f
±0.00 0.14

abcd
±0.00 0.55

e
±0.00 0.32

de
±0.00 2.02

c
±0.01 170.00

e
±14.62 

Values are means ± standard deviations of triplicate determinations. Means in the same column with different 
superscripts differ significantly (p<0.05). Key: A0= 100% wheat flour. A1= 100% OFSP, A2= 90:10 Wheat flour: 
OFSP flour. A3= 80:20 Wheat flour: OFSP flour. A4= 70:30 Wheat flour: OFSP flour. A5= 60:40 Wheat flour: 
OFSP flour. B1= 100% OFSP Starch. B2= 90:10 Wheat flour: OFSP Starch. B3= 80:20 Wheat flour: OFSP 
Starch. B4= 70:30 Wheat flour: OFSP Starch. B5= 60:40 Wheat flour: OFSP Starch. C1= 100% Non-starch 

Residue. C2= 90:10 Wheat flour: Non-starch Residue.C3= 80:20 Wheat flour: Non-starch Residue. C4= 70:30 
Wheat flour: Non-starch Residue. C5= 60:40 Wheat flour: Non-starch Residue. 
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Table 6. Physical properties of bread and composite breads 
 

Sample/ parameters Loaf weight (g) Oven spring (mm) Loaf Volume (cm3) Specific volume cm3/g 
A0 210.60a±0.77 1.27e±0.06 440.60n±0.78 2.10k±0.01 
A1 224.60

b
±3.63 0.05

a
±0.07 421.60

m
±0.71 1.88

j
±0.04 

A2 225.70
b
±0.81 1.65

f
±0.07 400.10

l
±0.08 1.78

i
±0.01 

A3 229.00c±1.41 1.35ef±0.07 391.60k±0.71 1.71h±0.01 
A4 230.60

cd
±0.74 0.35

abc
±0.07 389.70

j
±0.78 1.69

gh
±0.01 

A5 232.50d±0.72 0.65cd±0.21 390.20j±0.13 1.68g±0.01 
B1 237.00

e
±2.85 0.85

d
±0.12 375.10

i
±0.01 1.59

f
±0.02 

B2 238.60ef±0.67 2.15g±0.07 371.60h±0.70 1.56ef±0.00 
B3 240.60fg±0.71 2.10g±0.00 370.20g±0.00 1.54de±0.00 
B4 241.60

fg
±0.62 2.20

g
±0.00 367.70

f
±0.55 1.53

d
±0.01 

B5 242.50g±0.67 1.50ef±0.00 367.70f±0.70 1.52d±0.00 
C1 246.00

h
±0.02 0.60

bcd
±0.28 330.60

e
±0.54 1.35

c
±0.01 

C2 247.50hi±0.68 2.40g±0.14 328.70d±0.71 1.33c±0.00 
C3 250.00

ij
±0.04 1.50

ef
±0.28 321.70

c
±1.01 1.29

b
±0.01 

C4 252.10
jk
±0.01 0.30

ab
±0.14 320.10

b
±0.01 1.27

ab
±0.00 

C5 254.00k±1.39 0.85d±0.21 317.60a±0.79 1.25a±0.01 
Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts differ significantly (p<0.05). Key: A0= 100% wheat 
flour. A1= 100% OFSP, A2= 90:10 Wheat flour: OFSP flour. A3= 80:20 Wheat flour: OFSP flour. A4= 70:30 Wheat flour: OFSP flour. A5= 60:40 Wheat flour: OFSP flour. B1= 
100% OFSP Starch. B2= 90:10 Wheat flour: OFSP Starch. B3= 80:20 Wheat flour: OFSP Starch. B4= 70:30 Wheat flour: OFSP Starch. B5= 60:40 Wheat flour: OFSP Starch. 
C1= 100% Non-starch Residue. C2= 90:10 Wheat flour: Non-starch Residue. C3= 80:20 Wheat flour: Non-starch Residue. C4= 70:30 Wheat flour: Non-starch Residue. C5= 

60:40 Wheat flour: Non-starch Residue. 
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Table 7. Sensory evaluation of bread and composite breads 
 

Sample Taste Appearance  Texture Aroma  Overall acceptability 
A0 7.60d±0.83 6.00a±0.76 7.13d±0.74 7.47d±0.83 7.60d±0.63 
A1 4.20

a
±0.77 3.60

b
±0.83 3.73

a
±0.88 3.73

a
±0.70 5.60

a
±0.83 

A2 5.80
c
±0.68 6.07

a
±0.59 5.73

b
±0.70 5.67

b
±0.72 7.00

c
±0.76 

A3 6.07c±0.70 6.13a±0.74 6.00bc±0.76 6.07bc±0.70 6.40b±0.74 
A4 6.07

c
±0.70 5.93

a
±0.59 6.27

c
±0.59 6.20

bc
±0.77 6.33

b
±0.62 

A5 5.27b±0.70 5.73a±0.70 5.80bc±0.68 6.33c±0.72 6.27b±0.59 
LSD 0.53 0.51 0.53 0.54 0.51 
B1 6.00a±0.65 3.80a±0.68 3.13a±0.74 3.00a±0.65 5.87a±0.74 
B2 6.40a±0.51 6.40b±0.51 6.07b±0.70 6.20b±0.67 7.20c±0.56 
B3 6.40

a
±0.74 6.40

b
±0.74 6.60

cd
±0.63 6.33

bc
±0.62 6.60

b
±0.63 

B4 6.33a±0.72 6.27b±0.70 6.13bc±0.83 6.40bc±0.63 6.20ab±0.56 
B5 6.40

a
±0.51 6.20

b
±0.56 6.87

d
±0.64 6.67

c
±0.62 6.53

b
±0.52 

LSD 0.46 0.47 0.52 0.47 0.44 
C1 5.20

a
±0.68 2.40

a
±0.51 5.13

a
±0.64 4.07

a
±0.70 5.20

a
±0.77 

C2 6.73
b
±0.59 4.67

b
±0.62 6.33

bc
±0.49 6.13

c
±0.64 6.20

b
±0.68 

C3 6.53b±0.52 5.20c±0.68 6.07b±0.59 6.20c±0.68 6.33b±0.62 
C4 6.47

b
±0.52 5.47

c
±0.52 6.53

c
±0.52 5.13

b
±0.74 5.93

b
±0.70 

C5 6.40b±0.51 5.60c±0.63 6.33bc±0.49 6.07c±0.70 6.00b±0.65 
LSD 0.41 0.43 0.40 0.51 0.50 
Means in the same column with different superscripts differ significantly (p<0.05).Key: A0= 100% wheat flour. 
A1= 100% OFSP, A2= 90:10 Wheat flour: OFSP flour. A3= 80:20 Wheat flour: OFSP flour. A4= 70:30 Wheat 

flour: OFSP flour. A5= 60:40 Wheat flour: OFSP flour. B1= 100% OFSP Starch. B2= 90:10 Wheat flour: OFSP 
Starch. B3= 80:20 Wheat flour: OFSP Starch. B4= 70:30 Wheat flour: OFSP Starch. B5= 60:40 Wheat flour: 

OFSP Starch. C1= 100% Non-starch Residue. C2= 90:10 Wheat flour: Non-starch Residue. C3= 80:20 Wheat 
flour: Non-starch Residue. C4= 70:30 Wheat flour: Non-starch Residue. C5= 60:40 Wheat flour: Non-starch 

Residue. 

 
According to Sudha et al. [48], progressive 
increase in supplementation with non-wheat 
flour, appearance turns towards darker                  
leading to lower acceptability. On the contrary to 
the above assertion by Sudha et al. [48], 
composite breads of orange-fleshed                        
sweet potato starch were significantly (p<0.05) 
more acceptable in appearance than bread 
produced from 100% wheat flour. This                             
could be attributed to the appealing nature/colour 
of the orange-fleshed sweet potato. The 
appearance turned less acceptable in                          
100% breads of orange-fleshed sweet potato 
flour (A1), starch (B1) and non-starch residue(C1), 
as deduced from scores obtained for A1, B1 and 
C1. 
 
The 100% wheat bread had the highest                     
textural score and was significantly (p<0.05) 
different from other bread samples except                        
that from 80:20 and 60:40 composites of         
orange-fleshed sweet potato starch (B3 and B5). 
Lower textural values were recorded in the 
breads from orange-fleshed sweet potato                    
flour, starch and non-starch residue. Composite 
breads of both orange-fleshed sweet                         
potato flour(A2-A5), starch (B2-B5) and                             

non-starch residue (C2-C5) showed higher 
textural values than their individual breads          
(A1, B1 and C1). 
 
Aroma is another attribute that influences                      
the acceptability of baked good products                       
even before they are tasted. Also, bread             
samples of 100% orange-fleshed sweet                      
potato flour, starch and non-starch residue                    
were significantly low in aroma. This could be 
attributed to the fact that Panelists were                         
too used to the aroma breads produced                         
from wheat flour than other breads of non-wheat 
flour. 

 
Overall acceptability was determined                            
on the basis of quality scores obtained from 
evaluation of taste, appearance, texture                        
and aroma. The decrease in the                              
general acceptability of composite breads                              
in this study was reported in another                            
study on wheat/yam composite bread by 
Amandikwa et al. [49]. Mepba [21] and                      
Joseph et al. [50] reported similar decreased 
values of overall acceptability of wheat                        
based breads supplemented with plantain and 
ripe banana slices flours respectively. 
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4. CONCLUSION 
 
The bread and composite breads recorded 
higher moisture contents, the protein,                          
fat, fiber and ash contents of the flour, bread 
from orange-fleshed sweet potato flour (A1), 
starch (B1) and non-starch residue (C1) were low, 
but higher contents were observed in                         
their composite flour, bread. There was an 
observed higher content of fat in the                      
composite bread than in the 100% wheat bread. 
The phosphorus and potassium contents of the 
bread were high as compared to calcium,                     
zinc and magnesium in their mineral contents. 
The vitamin C contents of the bread from          
orange-fleshed sweet potato flour (A1),                        
starch (B1) and non-starch residue (C1) were                            
high but decreased in their composites                     
bread. The bread sample from wheat (A0), 
orange-fleshed sweet potato starch                                
and its composites (B1-B5) recorded no                     
value of vitamin A, but grandeur values of          
vitamin A was observed in the bread of orange-
fleshed sweet potato flour and its composites 
(A1-A5). 
 
The study showed that the bread and composite 
breads produced from orange-fleshed                      
sweet potato flour, starch and non-starch residue 
weigh more than the bread produced from wheat 
flour. It also showed that both the wheat (A0) 
bread tasted better than the composite bread 
formulated from orange-fleshed sweet potato 
flour, starch and non-starch residue but the 
breads produced from orange-fleshed sweet 
potato starch composites (B2-B5) appeared  
better than that produced from wheat (A0).                
The results of the overall acceptability of the 
breads revealed that wheat flour can be 
supplemented with orange-fleshed sweet potato 
flour without greatly affecting the overall 
acceptability of the its bread. 
 

The study revealed that up to 20% substitution of 
orange-fleshed sweet potato flour, starch              
and non-starch residue flours for wheat                   
flour was acceptable in bread formulation. 
 
COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Dewettinck K, Van Bockstaele F, Kuhne B, 
Vande W, Courtens T, Gellynck X. 

Nutritional value of bread: influence of 
processing, food interaction and consumer 
perception. Rev. J. Cereal Sci. 
2008;48:243-257. 

2. Aider M, Sirois-Gosselin M, Joyce IB Pea, 
Lentil. Chickpea protein application in 
bread making. Journal of Food Research. 
2012;1(4):1927-0887. 

3. David MO. Nigeria, No 1 market for U.S. W 
heat; Potential for other grains and                     
feeds, USAID Foreign Agric. Serv. Bull. 
2006;1-2. 

4. Badifu GIO, Chima CE, Ajayi YI, Ogoro 
AF. Influence of mango mesocarp flour 
supplementation on micronutrient, physical 
and organoleptic qualities of wheat based 
bread. Nigerian Food Journal. 2005;23:59-
68. 

5. Abulude FO. Distribution of selected 
minerals in some Nigerian white                      
bread. Nig. Food Journal. 2005;23:139-
147.  

6. Ederma MO, Sanni LO, Sanni A. 
Evaluation of plantain flour blends for 
plantain bread production in Nigeria. 
African Journal of Biotechnology 
2004;4(7):911-918. 

7. Adeyemi A, Adebowale YA, Oshodi AA. 
Variability in the Physicochemical, 
Nutritional and antinutritional attributes of 
six Mucuna species. Food Chemistry. 
2005;89(1):37-48. 

8. Hugo LF, Rooney LW, Taylor JRN. Malted 
sorghum as a functional ingredient in 
composite bread. Cereal Science. 
2000;79(4):428-432. 

9. Hasmadi M, Siti Faridah A, Salwa I, 
Patricia M, Mansoor AH, Ainnur Syafiqa R. 
The effect of seaweed composite flour on 
the textural properties of dough and bread. 
Journal of Applied Phycology. 
2014;26:1057–1062. 

10. Noorfarahzilah M, Jau-Shya L, Md 
Shaarani S, Abu Bakar MF, Mamat H. 
Applications of composite flour in 
development of food products: A review. 
International Food Research Journal. 
2014;21(6):2061-2074. 

11. Edun AA, Olatunde, GO, Shittu TA, 
Adeogun AI. Flour, dough and                        
bread properties of wheat flour                     
substituted with orange-fleshed sweet 
potato flour. Journal of Culinary                       
Science and Technology. 2019;17(3):268-
289. 



 
 
 
 

Kure et al.; AFSJ, 20(3): 1-17, 2021; Article no.AFSJ.65789 
 
 

 
15 

 

12. Lagnika C, Houssou PAF, Dansou V, 
Hotegni AB, Amoussa AMO, Kpotouhedo 
FY, et al. Physico-functional and                     
sensory properties of flour and bread     
made from composite wheat-cassava. 
Pakistan Journal of Nutrition. 
2019;18(6):538-547. 

13. Odebode SO, Egeonu N, Akoroda MO. 
Promotion of sweet potato for the food 
industry in Nigeria. Bulg. J. Agric. Sci. 
2008;14:300-308. 

14. Nteranya S, Adiel M. Root and tuber crops 
(Cassava, Yam, Potato and Sweet          
potato). Paper Presented at an 
International Conference in Senegal. 
2015;1-26. 

15. Avula RY. Rheological and functional 
properties of potato and sweet potato               
flour and evaluation of its application in 
some selected food products. Ph.D                     
Thesis. Department of Fruit and Vegetable 
Technology. University of Mysore, Mysore, 
India. 2005;131. 

16. Soison B, Jangchud K, Jangchud A, 
Harnsilawat T, Piyachomkwan K. 
Characterization of starch in relation to 
flesh colours of sweet potato varieties. 
International Food Research Journal. 
2015;22(6):2302-2308.  

17. Dabel N, Igbabul BD, Shar F, Iorliam B, 
Abu JO. Physicochemical, nutritional and 
sensory properties of bread from wheat, 
acha and mung bean composite                
flours. International Institute of Science, 
Technology and Education IISTE. 
2016;56:21-26. 

18. Igbabul B, Num G, Amove J. Quality 
evaluation of composite bread produced 
from wheat, maize and orange-fleshed 
sweet potato flours. American                    
Journal of Food Science and Technology. 
2014;2(4):109-115. 

19. AOAC. Official methods of Analysis. 19
th

 
edition. Association of official                
Analytical chemists. Washington, D.C., 
U.S.A; 2012. 

20. Onwuka GI. Food analysis and 
instrumentation theory and                       
practice: Analytical techniques. 2

nd
 Ed. 

Surulere., Naphthali prints, 2018;229-
230;342-352;413-453. 

21. Mepba H, Eboh L, Nwaojigwa SU. 
Chemical composition functional and 
baking properties of wheat-plantain 
composite flours. African Journal of Food, 

Agriculture, Nutrition and Development. 
2007;7:1-22. 

22. Giami SY, Amasisi T, Ekiyor G. 
Comparison of bread making properties of 
composite flour from kernels of roasted 
and boiled African breadfruit (Treculia 
Africana decne) seeds. Journal Raw 
Material Resources. 2004;1:16–25.  

23. Mais A. Utilization of Sweet potato starch, 
flour and fiber in bread and biscuits: 
physico-chemical and nutritional 
characteristics. M. Tech. Thesis. 
Department of Food Technology, Massey 
University; 2008. 

24. Aprianita A, Purwandari U, Watson B, 
Vasiljevic T. Physico-Chemical properties 
of flours and starches from selected 
commercial tubers available in Australia. 
International Food Research Journal. 
2009;16:507-520. 

25. Eric T. Evaluation of starch from ghanaian 
sweet potato varieties as excipients for 
solid oral dosage forms. M.Sc. Thesis. 
Department of Pharmaceutics. Kwame 
Nkrumah University of Science and 
Technology, Ghana; 2013. 

26. Eke-Ejiofor J. Physico-chemical and 
pasting properties of starches from 
cassava, sweet potato and three leaf yam 
and their application in salad cream 
production. International Journal of 
Biotechnology and Food Science. 
2015;3(2):23-30. 

27. Kolawole FL, Akinwande BA, 
Ade‐Omowaye BIO. Physicochemical 
properties of novel cookies produced from 
orange‐fleshed sweet potato cookies 
enriched with sclerotium of edible 
mushroom (Pleurotus tuberregium). 
Journal of the Saudi Society of Agricultural 
Sciences. 2018;1920-5. 

28. Greene JL, Bovel-Brenjamin AC. 
Macroscopic and sensory evaluation of 
bread supplemented with sweet potato 
flour. Journal of Food Science. 
2004;69(4):167-173. 

29. Olapade AA, Oluwole OB. Bread making 
potential of composite flour of wheat-acha 
(Digitariaexilis staph) Enriched with 
Cowpea (Vignaunguiculata L. walp) Flour. 
Nigeria Food Journal. 2013;31(1):6-12. 

30. Zhenghong C. Physicochemical properties 
of sweet potato starches and their 
application in noodle products. Ph.D 
Dissertation. Department of Agro-



 
 
 
 

Kure et al.; AFSJ, 20(3): 1-17, 2021; Article no.AFSJ.65789 
 
 

 
16 

 

technology and Food Sciences. 
Wageningen University. The Netherlands; 
2003. 

31. Wildman BEC, Medeiros DM. Advanced 
Human Nutrition. Boca Raton, USA. CRC 
Press. 199;61-155.  

32. Ufot EI, Comfort FE, Anne PE. Physical 
properties, nutritional composition and 
sensory evaluation of cookies prepared 
from rice, unripe banana and               
sprouted soybean flour blends. 
International Journal of Food Science and 
Biotechnology. 2018;3(2):70-76.  

33. Shirika D, Igyor MA, Gernah DI. Nutritional 
evaluation of complementary food 
formulations from maize, Soybean and 
Peanut Fortified with Moringa oleifera Leaf 
Powder. Journal of Food and                   
Nutrition Sciences. 2015;6:494-500.  

34. Chidinma WA, Jiddari WU, Hassan SC. A 
student handbook on food and nutrition. 1

st
 

edition, Kaduna, De-New creation prints       
ltd publishers. 2010;222. 

35. Powell SR. Zinc and Health: Current 
Status and Future Directions. Journal of 
Nutrition. 2000;130:1447-1454. 

36. Ganiyat OO, Folake OH, Michael AI,                 
Keith T. Quality Attributes of sweet                   
potato flour as influenced by                          
variety, Pretreatment and drying method. 
Food Science and Nutrition. 
2016;4(4):623–635. 

37. Gisèle AYK, Thierry LZ, Rose-Monde M, 
Sébastien LN. Nutritive profile and 
provitamin avalue of sweet potatoes flours 
(Ipomoea batatas Lam) Consumed in  
Côte d’Ivoire. Journal of Food              
Research. 2018;7(5):36-48. 

38. Satheesh N, Solomon WF. Review on 
nutritional composition of orange‐fleshed 
sweet potato and its role in management        
of vitamin a deficiency. Food                   
Science and Nutrition Journal. 
2019;7:1920-1945. 

39. Grace MH, Yousef GG, Gustafson SJ, 
Truong VD, Yencho GC, Lila MA. 
Phytochemical Changes in Phenolics, 
Anthocyanins, Ascorbic Acid,                          
and Carotenoids Associated with Sweet 
Potato Storage and Impacts on Bioactive 
Properties. Food Chemistry. 
2014;145:717-724. 

40. Sengev AI, Joseph OA, Gernah DI. Effect 
of Moringa oleifera leaf powder 
supplementation on some quality 

characteristics of wheat bread. Food and 
Nutrition Sciences. 2013;4:270-275. 

41. Amir IZ, Hanida HS, Syafiq A. 
Development and physical analysis of high 
fiber bread incorporated with cocoa 
(Theobroma cacao) pod husk powder. 
International Food Research Journal. 
2013;20(3):1301-1305 and Chemical 
Sciences. 2014;6(1):65-76. 

42. Mitra S. Nutritional status of orange-
fleshed sweet potatoes in alleviating 
vitamin a malnutrition through a food-
based approach. Journal of Nutrition and 
Food Sciences. 2012;2(8):1-3. 

43. Chinma CE, Gernah DI. Physicochemical 
and sensory properties of cookies 
produced from cassava/soya bean/mango 
composite flours. J. Raw Mat. Res. 
2007;4:32-43. 

44. Gebremedhin K, Kebede A, Afework M, 
Pragya S. Nutritional analysis of vitamin a 
enriched bread fromorange flesh sweet 
potato and locally available wheat flours at 
samre woreda, northern ethiopia. Current 
Research in Nutrition and Food Science. 
2013;1(1):49-57. 

45. Babiker WAM, Sulieman AME, Elhardallou 
SB, Khalifa EA. physicochemical 
properties of wheat bread supplemented 
with orange peel by-products. International 
Journal of Nutrition and Food Science. 
2013;1:1-4. 

46. Makinde F, Akinoso R. Physical, nutritional 
and sensory qualities of bread samples 
made with wheat and black sesame 
(Sesamum indicum Linn) flours. 
International Food Research Journal. 
2014;21 (4):1635-1640. 

47. Sudha ML, Vetrimani R, Leelavathi K. 
Influence of fiber from different cereals on 
the rheological characteristics of                      
wheat flour dough and on biscuit quality. 
Journal of Food Chemistry, 
2007;100:1365-1370. 

48. Amandikwa C, Iwe MO, Uzomah A. 
Physic-chemical properties of wheat-yam 
flour composite bread. Nigerian Food 
Journal. 2015;33(1):12-17. 

49. Joseph A, Isaac A, Vida B, Pearl BA, 
Josephine AB. Nutrient composition and 
sensory evaluation of ripe banana slices 
and bread prepared from ripe banana and 
wheat composite flours. American J            
ournal of Food and Nutrition. 
2006;4(4):103-111. 



 
 
 
 

Kure et al.; AFSJ, 20(3): 1-17, 2021; Article no.AFSJ.65789 
 
 

 
17 

 

50. Oluwalana IB, Malomo SA, Ogbodogbo 
EO. Quality assessment of flour                       
and bread from sweet potato wheat 

composite flour blends. International 
Journal of Biological and Chemical 
Sciences. 2012;6(1):65-76.  

 

© 2021 Kure et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/65789 


