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Introduction
In the recent years there has been an increasing demand for wheat-

based convenient foods in many developing countries attributed to an 
ever-increasing population and changing eating habits. Efforts have 
been initiated in several of these developing countries to promote the 
use of composite flours for baking [1]. Here, a fraction of wheat flour is 
replaced by flour from locally grown crops such as cassava, yams, sweet 
potatoes, bananas etc., [2,3]. For certain products, attempts have been 
made to completely substitute wheat flour with other flours and entirely 
alter their recipes [4]. Previously, some of these composite flours have 
been applied without any prior knowledge of their performance in 
food systems, resulting in products with varying degrees of consumer 
acceptability. The possibility of using starchy tubers, cereals and 
fruits and vegetables instead of wheat flour in foods depends on 
their chemical and physical properties. Amylose/amylopectin ratio, 
for example, influences the flour’s behavior in food systems such as 
viscosity, gelatinization and setback which affect the texture of the end 
product [2,3,5]. 

Bread is a staple food prepared from dough of flour and water, 
usually by baking. Throughout recorded history, bread has been very 
popular around the world. It is one of humanity’s oldest foods, having 
been of great importance since the dawn of Agriculture [3,6]. In Nigeria, 
it is one of the most widely consumed food sources. In 2005 and 2012, 
the Federal Government of Nigeria mandated the use of composite 
wheat flour for baking through the addition of 10% cassava flour to 
wheat, in order to cut down on the expense on wheat importation and 
find more value addition for the widely-produced cassava tubers [7]. 
Acceptability of cassava flour bread is generating a lot of attention 
among researchers, agricultural administrators, farmers, industrialists 
and consumers in Nigeria owing to cheap cost, availability and 
affordability. As a result, there are different types, shapes, sizes, and 
textures of breads in various regions [3]. 

High quality cassava flour (HQCF) offers a viable alternative for wheat 
flour replacement. However, it must meet the quality requirements in 
terms of physicochemical characteristics, microbial safety and cyanogenic 
glucoside content [5]. According to Iwe et al. [2], there are presently 
several improved cultivars of cassava developed at National Root Crops 
Research Institute (NRCRI), Umudike and the International Institute of 
Tropical Agriculture (IITA), Ibadan both in Nigeria that are relatively 
high in dry matter and starch contents that meet these requirements. 
High quality cassava flour (HQCF), has been reported to be suitable for 
several applications at household level, for making a variety of pastries and 
convenience foods at urban centers and acceptable raw materials for the 
manufacture of industrial items [2]. This is necessitated by the astronomical 
rise in the price of wheat in the global market as well the need to promote 
the utilization of local sources of flour for partial substitution of wheat 
flour in the baking industries. Therefore, the objective of this study was to 
assess the bread making potentials of composite flours made from HQCF 
by determining the physicochemical, physical and sensory properties of 
bread made from HQCF/wheat flour blends.

Materials and Methods
Materials

Cassava roots TME 419, TMS 98/1632, TMS 98/87164, TMS 
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Abstract
Bread prepared from blends of high quality cassava flour (HQCF) and wheat flour (WF) was evaluated to 

determine the suitability of HQCF as a partial replacement for wheat flour. Bread was prepared using ratios of 0:100, 
10:90, 20:80, 30:70, 40:60 and 50:50 HQCF/WF respectively and assessed for their physicochemical, physical and 
sensory properties. The results showed that bread with higher levels of HQCF had higher moisture and carbohydrates 
content but lower ash, fat and fibre contents. The moisture content significantly varied from 28.51 to 35.01%. The 
high moisture content of the HQCF replaced bread samples may be attributed to the higher carbohydrates (starch) 
which has tendency for water uptake and retention. This is evidenced by the higher loaf weight and loaf density of 
the HQCF replaced bread samples. However, loaf volume and oven spring were negatively affected by increased 
incorporation of HQCF in bread, suggesting that the low protein content of HQCF may be responsible. The results of 
the sensory evaluation revealed that replacement of wheat flour with HQCF beyond 10% negatively affected sensory 
attributes, supplementation levels between 20–30% were tolerated by the panelists. It is therefore concluded that 
HQCF can be used as a potential replacement for wheat flour in the baking of bread.
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Loaf weight: Loaf weight was determined using the method of 
AACC [11], Loaf weight of the bread was determined after sufficient 
(50 min) cooling using a digital balance (0.01 g accuracy) and the 
values were recorded.

Loaf volume: Loaf volume of each bread sample was measured 50 
minutes after the loaves were removed from the oven by using the rape-
seed displacement method as described by Onwuka [13]. Millet seeds 
were used in place of rape-seed. The weight of each of the bread samples 
was weighed with the aid of a weighing balance. This was then followed 
by taking the volume of the container from the graduation on its body 
which was recorded as V1 (cm3). The container was then filled with 4–5 
volume of the loaf sample with the seeds until the seed dropping from 
a height of ½ foot above the container rim is cut-off such that the seeds 
formed a Plateau with the rim of the container. They were then poured 
out, weighed and recorded as W1 (g). The weight of the seeds that filled 
the container was equivalent to the total weight of seed that completely 
occupied the volume of the container. Then, 1/3 of the volume of the 
container was filled with the seeds, the loaf in each case laid flat at the 
centre of the container and then the remaining seeds used to fill up the 
container to overflow from ½ foot above the container. With a ruler, 
the seeds above the rim were cut off as they formed, plateau with the 
container. The seeds displaced by the loaf in each case were collected, 
weighed and recorded as W2 (g). This weight of seeds corresponded to 
the volume of space displaced by the loaf sample in each case placed in 
the container. The loaf volume for each bread sample was calculated as;

Loaf volume = W2 x V1/W1

Where W1 = weight of seeds that filled the container

W2 = weight of seeds displaced by the loaf sample

V1 = volume of the container

Specific loaf volume: The specific loaf volume was determined 
using the method described by Onwuka [13]. The specific loaf volume 
for each sample was determined by dividing the loaf volume of each 
sample with the corresponding loaf weight thus;

Specific loaf volume = loaf volume (cm3/g)/loaf weight.

Oven spring: The oven spring for each bread sample was determined 
from the differences in height of dough before and after baking [13].

Crumb moisture: The moisture content of bread sample was 
calculated using approved method [11] by drying two grams of bread 
samples in an air oven at 1050ºC to constant weight. The samples were 
dried until constant weight was obtained.

Sensory evaluation of bread samples: Sensory evaluation was 
carried out using a 25-man panelist to assess the organoleptic attributes 
(taste, crumb appearance, crust appearance, softness of feel/texture, 
bread height and volume and overall acceptability) of the bread samples 
[14]. The panelists were selected randomly from the staff and students of 
the Michael Okpara University of Agriculture, Umudike, Nigeria. They 
were made to carry out the organoleptic assessment under controlled 
environment to avoid biased results. In the questionnaire, the panelists 
were required to observe and test each coded sample and grade them 
using ranking preference test. Potable water was provided for them to 
rinse their mouth in between evaluations. The bread samples placed in 
disposable plates were presented in small slices and coded on identical 
white papers. The panelists were instructed to rank the samples based 
on the highly-preferred sample in order of 1, 2, 3, 4 and 5 where the 
most preferred has the rank one (1) and least preferred with the rank 
5. The raw scores were assembled and statistically analyzed using the 
method described by Iwe [14].

98/8082, and TMS 98/0581 used were obtained from National Root 
Crops Research Institute, Umudike, Abia State, Nigeria. All-purpose 
wheat flour (Dangote Groups, Nig. Ltd, Lagos, Nigeria) used was 
obtained from Umuahia main market at Ubani Ibeku in Abia state, 
Nigeria.

Methods

Production of high quality unfermented cassava flour: The roots 
were processed into High Quality cassava flour using the method 
described by IITA [8]. The fresh root cassava was weighed with Avery 
Birmingham weighing balance and then peeled manually using stainless 
knife. The peeled cassava samples were then washed with portable 
water and weighed to determine percentage yield after peeling. The 
cleaned tubers were later transferred to a grating machine which grated 
the cassava tubers to slurry/mash. The mash was dewatered using 
hydraulic presser to about 40% moisture. The cake was pulverized and 
subjected to drying in an oven (Uniscope SM9023) set at temperature 
1000ºC and dried to 8-10% moisture level. After drying, the cake was 
milled using hammer mills (power crusher F-23ZS111). The fine High 
Quality Cassava Flour (HQCF) thus obtained was packed in a high-
density polyethylene bags, awaiting use.

Formulation of HQCF-wheat flour blends: Composite flours of 
high quality cassava flour (HQCF) and wheat flour were formulated in 
the following ratios; 0% and 100, 10% and 90%, 20% and 80%, 30% and 
70%, 40% and 60% and 50% and 50% respectively and subsequently 
used for bread baking.

Baking of bread with HQCF/wheat composite flours: All 
ingredients were initially dry mixed in a bowl and later water was mixed 
with the original dry mix until soft dough that could easily be handled 
was produced. The straight dough method described by Eggleston et 
al. [9] was followed. The dough was manually kneaded before molding 
into shapes. Dough proofing was carried out for the different proofing 
time at room temperature and baked at 2100ºC for 25 min. After 
baking, the dough was brought out in each case from the oven and 
immediately depanned by knocking out. The knocked-out bread was 
then placed on a wooden table to cool and to avoid condensation.

Analyses of samples:

Proximate analyses of bread from blends of HQCF and wheat 
flour: The moisture content of the bread baked from HQCF and wheat 
flour blends was determined by drying the sample in a forced Genlab 
(Widnes, England) air oven at 1050ºC according to the guidelines of 
AOAC [10]. Crude protein (N x 6.25) was estimated through Kjeltec 
apparatus according to the protocol of AOAC [10] methods. Crude fat 
content of the bread samples was estimated using hexane as solvent 
in a soxtec system as described in AACC [11] methods. Total ash 
content was estimated by direct incineration of dried samples in a 
muffle furnace at 550ºC according to the method of AACC [11]. Crude 
fibre content was determined by digesting the fat free samples in 1.25% 
H2SO4 followed by 1.25% NaOH using Labconco fibretech apparatus 
according to AACC [11] methods. Total carbohydrate content was 
calculated by difference according to Ihekoronye and Ngoddy [12] 
using the equation;

Total carbohydrate = 100 - (moisture + crude protein + crude fat 
+ crude fibre + ash)

Physical characteristics of bread baked from composites of HQCF/
wheat flour: The bread characteristics or baking qualities were evaluated 
by measuring the loaf volume, the loaf weight, the loaf specific volume, 
the oven spring and the organoleptic properties of the bread samples.
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Statistical analysis

Results of all determinations were expressed as means of triplicate 
values. Data were subjected to one-way Analysis of Variance (ANOVA) 
and significant differences detected using Tukey’s test. An IBM SPSS 
Statistical package (version 20.0) was used for all statistical analyses.

Results and Discussion
Results of proximate analysis on the bread samples

Proximate analysis revealed that all bread from blended flour 
(HQCF) and wheat flour had comparable moisture values (Table 
1). Moisture content of the bread ranged from 28.51 to 35.01% with 
sample A2070 having the highest values while samples D5080 and 
D5070 had the least values. Moisture content is an important attribute 
in food processing and preservation because many biochemical and 
physiological changes depend very much on it [13]. Sample C1050, 
A1040 and wheat had the similar moisture content values showing 
no significance (p>0.05) among them. The high moisture content of 
the bread sample (28.51–35.01%) may be attributed to the amount of 
water added during baking as cassava flour tends to absorb more water 
than wheat flour [15]. The results however are in accordance with the 
observation by Nwosu et al. [16] that bread made with cassava flour 
tends to retain more moisture than with wheat flour (Table 1). 

NB; A2080=TMS419,20% composite and 80 min, 
B5080=TMS98/0581, 50% composite and 80 min proofing, 
C3080=TMS98/1632, 30% composite and 80 min proofing, D5080=TMS 

98/8082, 50% composite and 80 min proofing time, E5080=TMS 98/87164, 
50% composite and 80 min proofing, C2070=TMS 98/1632, 20% 
composite and 70 min proofing, E4070=TMS98/87164, 40% composite 
and 70 min proofing, B5070=TMS98/0581, 50% composite and 70 
min proofing, A2070=TME 419, 20% composite and 70 min proofing, 
D5070=NR98/8082, 50% composite and 70 min proofing, A2060=TME 
419, 20% composite and 60 min proofing, D4060=NR98/8082, 40% 
composite and 60 min proofing, B4060=TMS98/0581, 40% composite 
and 60 min proofing, C2060=TMS98/1632, 20% composite and 60 min 
proofing, E3060=TMS98/87164, 30% composite and 60 mins proofing 
time, E2050= TMS98/87164,20% composite and 50 min proofing, 
B4050=TMS 98/0581, 40% composite and 50 min proofing, D2050=NR 
98/8082, 20% composite and 50 min proofing, A1050=TMS 419, 10% 
composite and 50 min proofing, C1050=TMS 98/1632, 10% composite 
and 50 min proofing, E1040=TMS 98/87164, 10% composite and 
40 min proofing, A1040=TMS 419, 10% composite and 40 min 
proofing, D3040=NR 98/8082, 30% composite and 40 min proofing, 
B3040=TMS98/0581, 30% composite and 40 min proofing, C1040= 
TMS 98/1632, 10% composite and 40 min proofing.

The protein content of the bread sample significantly ranged from 
3.02-9.73% with sample B5080 having the least protein content and 
wheat having the highest. The increase in the level of substitution of 
cassava flour reduces the protein content of the bread sample as cassava 
flour do not contain gluten protein which is the protein in wheat flour 
responsible for dough extensibility and elasticity [17,18]. The high 
protein content of 100% wheat bread is an indication that wheat is a 
better source of protein compared to cassava, a non-protein tuber. It is 

Sample Moisture (%) Protein (%) Crude fat (%) Crude fibre (%) Ash (%) CHO (%)
E1040 33.00cd ± 0.01 8.07e ± 0.23 7.18d ± 0.01 1.28n ± 0.01 1.13m ± 0.01 49.33h ± 0.28
C1040 32.50d ± 0.14 8.85b ± 0.12 7.25c ± 1.34 1.12q ± 0.01 1.37b ± 0.01 50.03g ± 0.44
A1050 30.50f ± 0.03 9.18b ± 0.34 7.28b ± 0.01 1.25o ± 0.01 1.46j ± 0.71 50.33g ± 0.08
A1040 32.52d ± 0.02 8.30d ± 0.03 7.04e ± 0.01 1.21p ± 0.01 1.85f ± 0.04 49.49h ± 0.37
C1050 32.01cd ± 0.01 8.32d ± 0.01 6.98de ± 0.02 1.13q ± 0 1.76g ± 0 49.80h ± 0.04
A2070 35.01a ± 0.01 7.01g ± 0.58 6.01i ± 0.07 1.35l ± 0 1.07p ± 0.02 49.55h ± 0.65
A2060 31.51e ± 0.03 7.60f ± 0.06 6.65f ± 0.01 1.29n ± 0 1.33l ± 0.01 51.62e ± 0.07
E2050 32.02cd ± 0.02 7.59f ± 0.28 6.11i ± 0.04 1.35n ± 0.01 1.53i ± 0.01 51.40e ± 0.07
C2060 33.50c ± 0.01 6.38j ± 0.4 6.25g ± 0 1.25o ± 0.01 1.06p ± 0.03 51.56e ± 0.43
C2070 34.50b ± 0.01 6.12m ± 0.04 6.18h ± 0.02 1.32n ± 0.01 0.83q ± 0.01 51.05f ± 0.04
D2050 34.00b ± 0.03 6.51i ± 0.28 5.39l ± 0.01 1.31n ± 0.01 1.29l ± 0.01 51.50e ± 0.25
A3080 30.51f ± 0.04 6.16l ± 0.03 5.28n ± 0.03 1.44j ± 0 1.86 ± 0 54.75d ± 0.03
B3040 30.51f ± 0.01 6.38j ± 0 5.63k ± 0.01 2.20e ± 0.02 1.10o ± 0.02 54.18d ± 0.04
C3080 31.00e ± 0.14 6.22k ± 0.01 5.31m ± 0.02 1.41k ± 0.02 1.85f ± 0.01 54.21d ± 0.05
D3040 31.01 ± 0.01 6.61h ± 0.01 5.09n ± 0.31 1.33m ± 0 1.16mn ± 0 54.80d ± 0.14
E3060 31.02e ± 0.02 5.33o ± 0 5.95j ± 0.07 1.47i ± 0 1.93e ± 0.01 54.30d ± 0.02
B4050 3 ± 0.50f ± 0.02 5.25o ± 0.23 4.35q ± 0 2.41d ± 0.01 1.66h ± 0.01 55.53c ± 0.46
B4060 30.05fg ± 0.01 5.00r ± 0.08 4.96no ± 0 2.49c ± 0.01 2.16d ± 0.01 55.34c ± 0.14
E4070 30.51f ± 0.02 5.63mn ± 0.8 4.42p ± 0.04 1.54h ± 0.01 2.10d ± 0.03 55.80bc ± 0.84
D4060 30.58ef ± 0.04 5.53mn ± 0.08 4.92mn ± 0 1.41k ± 0 2.27c ± 0.02 55.29c ± 0.38
B5080 30.51f ± 0.02 3.02r ± 0.01 2.28r ± 0.02 3.17a ± 0.01 2.35a ± 0.01 57.67b ± 0.08

B5070 30.50f ± 0.07 3.13r

 ± 0.23 2.25r ± 0 3.09b ± 0.01 2.30b ± 0.01 58.75a ± 0.01

D5080 28.51g 4.44p ± 0.03 4.59o ± 0.01 1.68f ± 0.01 2.23c ± 0 58.56a ± 0.36
D5070 28.51g ± 0.03 4.27q ± 0.03 4.24q ± 0 1.60g ± 0.01 2.12d ± 0 58.96a ± 0.11
E5080 30.00ef ± 0.01 4.26q ± 0.04 4.21q ± 0.07 1.67f ± 0.02 2.20c ± 0.03 57.66b ± 0.07
W100 32.51d ± 0.01 9.73a ± 0.4 7.62a ± 0.01  0.83r ± 0.01 1.37k ± 0.01 48.26i ± 2.6
LSD  0.08  0.08  0.084  0.06  0.065  0.057

Values are means  ±  standard deviation of duplicate determinations.
Means bearing the different superscript down the row are significantly different (p ≤ ± 0.05).

Table 1: Results of proximate composition of bread from blends of HQCF and wheat flour.
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also evident from the result that increasing level of wheat flour increased 
the level of protein in cassava-wheat flour composite bread [17]. 

The fat content of the bread samples significantly ranged from 
2.25 to 7.62% with sample B5080 (TMS98/0581, 50% composite and 
80 min proofing) having the least fat content (Table 2), while 100% 
wheat bread had the highest fat content. The increase in substitution 
level of cassava flour caused a decrease in the fat content of the bread 
sample suggesting that cassava tuber is not an oil rich crop. The crude 
fibre content showed a significant (p<0.05) difference between breads 
made from 100% wheat flour and B5070. It was observed that the crude 
fibre content of the bread samples (especially samples B3040, B4050, 
B4060, B5070 and B5080) increased with increased substitution level of 
cassava flour with a particular cassava variety, TMS 98/0581, suggesting 
that TMS 98/0851 is a good source of crude fibre, probably occasioned 
by a genetic improvement [17]. Crude fibre indicates materials that are 
indigestible to human digestive enzymes. Indigestible fibres are known 
to be beneficial to colon health as they improve bulk, delays gastric 
emptying and modulate intestinal inflammations. The ash content of 
the bread samples significantly ranged from 1.37-2.55% with 100% 
wheat bread having the least ash content. This range agrees with ash 
content specification reported by Abass et al. [19]. Ash content of 
samples give a general overview of its inorganic mineral content. There 
was significant difference (p ≤ 0.05) among the blends except samples 
D5070, E4070 and B4060 which showed no significance (p>0.05). 
Bread made with higher substitution level of cassava flour recorded 
higher carbohydrate scores compared to lower substitutions and 100% 
wheat flour. This is an indication that cassava tubers are good sources 
of carbohydrate compared to wheat and the composition produced 
blends with higher carbohydrate contents than the parent samples.

Physical properties of bread made from HQCF and wheat 
flour blends

Results of the effects of cassava variety, flour composition and 
proofing time on the physical properties of bread are shown in Table 2.

NB; A2080=TMS419,20% composite and 80 min, B5080=TMS98/0581, 
50% composite and 80 min proofing, C3080=TMS98/1632, 30% composite 
and 80 min proofing, D5080= TMS 98/8082, 50% composite and 80 min 
proofing time, E5080= TMS 98/87164, 50% composite and 80 min proofing, 
C2070= TMS 98/1632, 20% composite and 70 min proofing, E4070= 
TMS98/87164, 40% composite and 70 min proofing, B5070= TMS98/0581, 
50% composite and 70 min proofing, A2070=TME419, 20% composite 
and 70 min proofing, D5070= NR98/8082, 50% composite and 70 min 
proofing, A2060= TME 419, 20% composite and 60 min proofing, D4060= 
NR98/8082, 40% composite and 60 min proofing, B4060=TMS98/0581, 
40% composite and 60 min proofing, C2060=TMS98/1632, 20% 
composite and 60 min proofing, E3060= TMS98/87164, 30% composite 
and 60 mins proofing time, E2050= TMS98/87164,20% composite and 50 
minproofing, B4050=TMS98/0581, 40% composite and 50 min proofing, 
D2050= NR 98/8082, 20% composite and 50 min proofing, A1050= TMS 
419, 10%composite and 50 min proofing, C1050= TMS 98/1632, 10% 
composite and 50 min proofing, E1040= TMS 98/87164, 10% composite 
and 40 min proofing, A1040= TMS 419, 10% composite and 40 min 
proofing, D3040=NR 98/8082, 30% composite and 40 min proofing, 
B3040=TMS98/0581, 30% composite and 40 min proofing, C1040= TMS 
98/1632, 10% composite and 40 min proofing.

Specific volume

The specific volume ranged from 2.26 to 4.94 cm3/g with 10% TMS 

Sample Specific volume 
(cm3)/g 

Loaf volume 
(cm3) 

Weight 
(g) 

Loaf density 
(g/cm3)

Moisture 
(%) Oven spring (cm)

 A3080 2.78l ± 0.08 410n ± 0.01 147.64g ± 0.03 0.36i ± 0.01 29.50g ± 0.08   0.2d ± 0.00
B5080 2.46n ± 0.15 390p ± 0.06 158.54a ± 0.05 0.40f ± 0.02 24.60l ± 0.15 0
C3080 2.59m ± 0.01 425m ± 0.02 158.54a ± 0.05 0.39g ± 0.08 31.00e ± 0.05 0
D5080 2.05q ± 0.03 324t ± 0.05 157.82b ± 0.01 0.49b ± 0.03 28.50h ± 0.11 -0.5i ± 0.0
E5080 2.28p ± 0.01 343s ± 0.01 150.18f ± 0.03 0.44c ± 0.01 32.50d ± 0.02 -0.45h ± 0.
C2070 3.78g ± 0.02 570f ± 0.11 150.86f ± 0.03 0.27n ± 0.05 26.50j ± 0.11 -0.9l ± 0.0
E4070 2.60m ± 0.01 365q ± 0.03 140.19l ± 0.01 0.38h ± 0.13 26.50j ± 0.11 -0.4h ± 0.0
B5070 1.96r ± 0.10 305u ± 0.08 155.70c ± 0.06 0.51a ± 0.00 30.50f ± 0.04 -0.7j ± 0.0
A2070 2.99k ± 0.13 425m ± 0.02 142.10j ± 0.12 0.33k ± 0.11 35.00a ± 0.11 -0.8k ± 0.0
D5070 2.34o ± 0.11 345s ± 0.01 147.50g ± 0.03 0.43d ± 0.10 31.00e ± 0.05 -0.9 l ± 0.0
A2060 3.32h ± 0.05 485j ± 0.06 146.31h ± 0.02 0.30m ± 0.10 31.50e ± 0.05 -0.5i ± 0.0
D4060 2.40n ± 0.15 360r ± 0.11 150.21f ± 0.03 0.42c ± 0.01 29.59 g ± 0.08 -0.5i ± 0.0
B4060 2.60m ± 0.01 390p ± 0.06 150.20f ± 0.03 0.39g ± 0.08 26.00j ± 0.11 -0.3g ± 0.0
C2060 3.97f ± 0.01 560h ± 0.13 141.15k ± 0.11 0.25o ± 0.03 29.00g ± 0.08 -0.55i ± 0.
E3060 3.04j ± 0.03 445l ± 0.03 146.54h ± 0.02 0.33k ± 0.11 31.00e ± 0.05 -0.2f ± 0.1
E2050 4.19d ± 0.05 615d ± 0.01 146.94h ± 0.02 0.24p ± 0.10 32.00d ± 0.08 0.2d ± 0.00
B4050 2.26p ± 0.01 400o ± 0.05 152.58d ± 0.00 0.38h ± 0.13 33.50c ± 0.10 0.1e ± 0.05
D2050 3.72p ± 0.02 545i ± 0.04 146.50h ± 0.02 0.27n ± 0.05 25.00k ± 0.13 0.8a ± 0.02
A1050 4.24c ± 0.10 595e ± 0.03 140.43l ± 0.01 0.24p ± 0.10 30.50f ± 0.04 0.7b ± 0.01
C1050 4.02f ± 0.01 565g ± 0.08 140.70l ± 0.01 0.25o ± 0.03 19.00m ± 0.13 0.7b ± 0.01
E1040 4.94a ± 0.03 702a ± 0.03 142.12j ± 0.12 0.20r ± 0.03 33.00c ± 0.10 0.7b ± 0.01
A1040 4.67b ± 0.05 675b ± 0.11 144.46i ± 0.08 0.21q ± 0.11 27.50i ± 0.08 0.7b ± 0.01
B3040 3.25i ± 0.11 470k ± 0.01 144.79i ± 0.08 0.31l ± 0.05 34.50b ± 0.13 0.1e ± 0.05
D3040 2.92k ± 0.13 445l ± 0.03 152.60d ± 0.00 0.34j ± 0.05 30.50f ± 0.04 0.2d ± 0.00
C1040 4.11e ± 0.13 623c ± 0.05 151.45e ± 0.01 0.24p ± 0.10 32.50d ± 0.08 0.4c ± 0.03

Values are means ± standard deviation of duplicate determinations.
Means bearing the different superscript down the row are significantly different (p<0.05)

Table 2: Physical properties of bread from blends of HQCF and wheat flour.
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98/87164 at 40 mins proofing having the highest value while the 50% 
TMS 98/8082 at 70 mins proofing had the least value. The specific 
volume also increased with a reduction in the level of cassava flour 
substitution. Specific volume which is the ratio of loaf weight and loaf 
volume has been generally adopted in literature as a more reliable 
measure of loaf size [20]. Consumers are often attracted by the size of 
the loaf by its weight and volume believing that it has more substance 
for the same price.

Loaf volume

The loaf volume varies significantly from 305–615 cm3 with sample 
B5070 having the least value while sample E2050 had the highest. It 
was also observed that at 10 to 20% substitution of cassava flour TME 
419, TMS 98/1632 and TMS98/87164, the loaf volume increased 
significantly (p<0.05) from 545 to 702 cm3, with the bread baked with 
10% TMS 98/87164 having the highest value (702 cm3) which was also 
the sample with the highest specific volume, while substitution level 
between 30 to 50% recorded a decrease in the loaf volume with the 
values ranging from 324 to 485 cm3. This result agrees with the findings 
of Oladumoye et al. [21] and Nwosu et al. [16] who reported increase 
in acceptance of bread loaf samples with lower concentration of cassava 
flour by panelists. Regae and Abdel-Aal [20] and Defloor et al. [17] 
reported that loaf volume is affected by the quality and quantity of 
protein in the flour. Cassava flour is not a good source of protein, as 
an increase in the substitution level resulted to a lower loaf volume as 
observed in bread baked with 30 to 50% which recorded values from 
324 to 485 cm3 compared to a lower substitution of 10 to 20% with 
values from 545 to 702 cm3.

Loaf weight

The loaf weight ranged from 140.43 to 158.54 g. The result also 
showed that with increased cassava flour substitution between 30 
to 50% with TMS 98/1632, TMS 98/8082 and TMS 98/87164 not 
considering the proofing time; a substantial increase was observed in 
the loaf weight. Higher loaf weight and volume have been taken to have 
positive economic value on the bread at the retail end. In other words, 
loaf weight and volume reduction during baking is an unacceptable 
economic quality to bakers as the populace tends to prefer bread with 
increased loaf weight as it is believed to have more value [22]. Cassava 
tends to absorb more moisture than wheat which could be the reason 
for the increased loaf weight. Shittu et al. [18] reported that loaf weight 
is affected basically by the quantity of dough baked and amount of 
moisture and carbon dioxide diffused out of the loaf during baking. 
The positive effect of the cassava variety is in line with the observation 
made by Almazan [6] who reported a significant genotypic effect on 
the cassava wheat composite bread quality especially at high flour 
composite.

Loaf density

The loaf density ranged from 0.24 to 0.51 cm3/g with sample E2050 
having the lowest value while sample B5070 had the highest. The results 
also showed that with increase in the substitution level of cassava flour 
and longer proofing time, loaf density becomes higher suggesting 
that cassava flour absorbs more moisture than wheat flour. It also 
indicates that longer proofing time could lead to collapse of the dough 
after rising which will make the bread to compact together allowing 
no further expansion for gas evolution. This agrees with the reports 
of Singh et al. [23] and Zhang et al. [24] that loaf density is primarily 
affected by the volumetric expansion of dough due to gas evolution 
during proofing and that early onset of gelatinization causes faster 

plasticization of the starch- protein network on gas cell wall formed 
and increases mechanical strength of dough near the surface thereby 
making other expansions difficult.

Crumb moisture

Flour compositions had significant (p ≤ 0.100) effect on the bread 
parameters. At a higher substitution level (30-50%) of cassava flour an 
increase in the crumb moisture was observed. This could be attributed 
to the fact that cassava flour has the ability to retain or absorb more 
water than wheat flour. Also, cassava variety, flour composition and 
proofing time had significant (p ≤ 0.100) effect on the crumb moisture. 
Crumb moisture is determined by the extent of gelatinization of starch 
in the dough during baking. The amount of moisture in bread crumb 
has some implication on the mechanical and keeping quality of bread 
[17,22].

Oven spring

The oven spring of the bread samples ranged from 0 to 0.8 cm. The 
results also showed that at 10 to 20% inclusion of cassava flour and 40 
to 50 mins proofing time, an increase in the oven spring was observed 
from samples baked with TME419, TMS 98/1632, TMS 98/87164 and 
TMS 98/8082. Some samples showed a negative result representing 
a collapse in the bread height. This showed that at an increased 
substitution level and increased time of proofing, oven spring of the 
bread decreased. These decreases are undesirable at the retail end as 
consumers prefer bread with firm height. Oven spring is the difference 
between the height of dough after proofing and height of loaf after 
baking.

Sensory attributes of bread made from HQCF/wheat flour 
blends

The results of the effects of cassava variety, substitution level and 
proofing time on the sensory attributes (loaf volume, softness of feel, 
crumb and crust appearance, and taste) of HQCF bread are shown in 
Tables 3-7.

Loaf volume

Sensory evaluation on the loaf volume (Table 3) showed that bread 
samples from 10% with TME 419 at 40 mins proofing had lower mean 
sensory scores (1.44) suggesting that this samples was mostly preferred 
by the panelists amongst other bread samples followed by bread made 
with 30% TMS 98/1632 (1.52) at 80 min proofing. The reduction in the 
loaf volume with an increase in the substitution level was obvious as 
bread with 40% TMS 98/8082 at 60 mins proofing recorded the highest 
sensory mean score of 4.60 showing least preference by the panelists. It 
is well known that cassava flour lacks gluten protein which is required 
for leavening of dough. This result agrees with the finding of Adeyemi 
et al. [25] who reported a reduction in loaf volume as the substitution 
level increases.

Softness of feel

The results of the effect of cassava variety, substitution levels, 
proofing time on softness feel (texture) of bread are presented in Table 
4. The sample, 10% TME 419, at 60 mins proofing recorded the least 
mean sensory score of 1.08 which indicated most preferred on the 
ranking scale. Bread baked with 10% cassava wheat flour composite 
was reported not to be significantly (p<0.05) different in sensory 
attributes compared to 100% wheat flour [26-28]. Some panelist 
showed likeness to some bread samples baked with 20 to 30% TMS 
98/1632 and TME 419 with significant sensory mean scores of 1.56 and 
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1.44 at 70 and 80 mins proofing respectively. Inclusion of cassava flour 
into wheat flour up to about 30% could still give an acceptable fresh 
loaf probably owing to personal choice and appearance [17,29]. The 
high supplementation of non-wheat flour showed high sensory score of 
4.88 with the bread sample with 40% TMS 98/8082 at 60 mins proofing 
time. High substitution of cassava flour reduces elasticity properties of 

wheat flour dough making the dough incapable of retaining the gas 
emanating from fermentation [30].

Crumb appearance

Bread baked with 30% TME 419 at 80 min proofing time had the 
least sensory mean score of 2.20 (Table 5) and was most preferred by 

40 min   50 min   60 min   70 min   80 min

Sample 

Subst.
Level%

Cassava: 
Wheat

Mean 

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean & std

8082 30:70 4.92a ± 0.28 40:60 3.72a ± 0.48 40:60 4.60a ± 0.91 50:50:00 3.96a ± 1.4 50:50:00 2.76b ± 1.13
581 30:70 4.04b ± 0.35 0.8888889 3.72a ± 1.54 40:60 3.16b ± 1.28 50:50:00 3.68ab ± 1.15 50:50:00 3.76a ± 0.93

87164 0.4791667 3.00c ± 0.29 0.8888889 3.32a ± 1.07 30:70 2.24c ± 0.78 40:60 3.24b ± 0.85 50:50:00 4.08a ± 1.32
1632 0.4791667 1.60cd ± 0.5 0.4791667 2.28b ± 1.24 0.8888889 2.24c ± 1.72 0.8888889 1.84c ± 1.34 30:70 1.52c ± 1.16
419 0.4791667 1.44d ± 0.58 0.4791667 1.94b ± 1.24 0.8888889 2.72bc ± 0.68 0.8888889 2.28c ± 1.06 30:70 2.86b ± 1.01
LSD - 0.178 - 0.283 - 0.163 - 0 - 0.313

Values are means  ±  standard deviation of duplicate determinations.
Means bearing the different superscript down the row are significantly different (p ≤ 0.05).

Table 3: Effect of cassava variety, substitution level and proofing time on loaf volume of HQCF bread.

40 min   50 min   60 min   70 min   80 min

Sample 

Subst.
Level%

Cassava: 
Wheat

Mean 

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean 
&std

 

Subst.
Level%

Cassava: 
Wheat

Mean &std

Subst.
Level%

Cassava: 
Wheat

Mean &std

8082 30:70 4.00a ± 1.01 40:60 3.84b ± 1.01 40:60 4.88a ± 0.44 50:50:00 3.32b ± 0.85 50:50:00 3.8b ± 0.87
581 30:70 3.68a ± 1.14 0.8888889 4.60a ± 1.35 40:60 3.92b ± 0.4 50:50:00 4.32a ± 1.01 50:50:00 4.84a ± 0.37

87164 0.4791667 3.76a ± 1 0.8888889 2.24d ± 1.11 30:70 2.32d ± 0.69 40:60 4.12ab ± 0.53 50:50:00 2.68c ± 0.8
1632 0.4791667 1.72b ± 0.84 0.4791667 2.60c ± 0.86 0.8888889 2.80c ± 0.76 0.8888889 1.56c ± 0.87 30:70 2.24d ± 0.8
419 0.4791667 1.84b ± 1.03 0.4791667 1.72e ± 0.84 0.8888889 1.08e ± 0.28 0.8888889 1.68c ± 0.56 30:70 1.44e ± 0.82
LSD - 0.678 - 0.29 - 1 - 0.38 - 1

Table 4: Effect of cassava variety, substitution level and proofing time on softness of feel.

  Subst. 
Level%

40 min Subst. 
Level%

50 min Subst. 
Level%

60 min Subst. 
Level%

70 min Subst. 
Level%

80 min
Sample Mean Mean & std Mean Mean &std Mean & std

8082 30:70 3.56a ± 0.91 40 3.72a ± 1.43 40:60 3.40a ± 1.19 50:50:00 3.92a ± 1.44 50 3.52a ± 1.29
581 30:70 3.52a ± 1.53 20 3.48ab ± 1.16 40:60 3.12a ± 1.48 50:50:00 3.04b ± 1.06 50 3.16a ± 1.28

87164 0.4791667 3.32a ± 1.63 20 2.84bc ± 1.28 30:70 2.92a ± 1.41 40:60 2.84b ± 1.4 50 3.08a ± 1.49
1632 0.4791667 2.36b ± 1.04 10 2.48c ± 1.33 0.8888889 3.0a ± 1.47 0.8888889 2.60b ± 1.63 30 3.04a ± 1.43
419 0.4791667 2.24b ± 1.33 10 2.48c ± 1.5 0.8888889 2.56a ± 1.5 0.8888889 2.60b ± 1.54 30 2.20b ± 1.35
LSD   0.55   0.53   0.63   0.3   0.27

Values are means  ±  standard deviation of duplicate determinations.
 Means bearing the different superscript down the row are significantly different (p≤0.05).

Table 5: Effect of cassava variety, substitution level and proofing time on crumb appearance.

    40 min   50 min   60 min   70 min   80 min

Sample 

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean 
& std

Subst.
Level%

Cassava: 
Wheat

Mean & std

Subst.
Level%

Cassava: 
Wheat

Mean & std
 

8082 30:70 3.32ab ± 0.98 40:60 3.48ab ± 1.38 40:60 3.56a ± 1.38 50:50:00 3.88a ± 1.42 50:50:00 2.84a ± 1.01
581 30:70 3.72a ± 1.24 0.8888889 4.12a ± 1.12 40:60 3.44ab ± 0.96 50:50:00 2.92bc ± 1.46 50:50:00 3.48a ± 1.78

87164 0.4791667 3.00ab ± 1.73 0.8888889 2.84bc ± 1.24 30:70 3.60a ± 1.22 40:60 2.88bc ± 1.16 50:50:00 3.04a ± 1.09

1632 0.4791667 2.24c ± 1.33 0.4791667 2.36c

 1.25 0.888888889 2.76b ± 1.3 0.8888889 3.16ab 30:70 2.96a ± 1.01

419 0.4791667 2.72bc ± 1.33 0.4791667 2.20c ± 1.19 0.888888889 1.64c ± 1.22 0.8888889 2.16c ± 1.34 30:70 2.68a ± 1.54
LSD - 0.53 - 0.5 - 0.60. 0.7 0.55 - 0.62

Values are means  ±  standard deviation of duplicate determinations.
Means bearing the different superscript down the row are significantly different (p ≤ 0.05).

Table 6: Effect of cassava variety, substitution level and proofing time on crust appearance.
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the panelists followed by bread from 10% TME 419 (2.24) at 40 min 
proofing and bread baked with 10% TMS 98/1632 (2.36) at 40 min 
proofing time while bread from 50% TMS 8082 at 70 min proofing had 
the highest sensory mean score of 3.88. However, preference decreased 
with increased cassava flour inclusion. The amount of moisture in 
bread crumb has some implications on the mechanical [22] and 
keeping quality [17].

Crust appearance

Table 6 shows that bread samples with 20% TME 419 at 60 min 
proofing with the sensory mean score of 1.64 was mostly preferred by 
panelists in terms of crust appearance followed by sample with 10% 
TMS 98/1632 (2.24). Bread crust color is an important sensory attribute 
which can enhance acceptability. The local population thinks that pale 
colored bread crust is indicative of improper baking. Moreover, it is 
assumed that the brown color is what impacts nutrient, especially, iron 
on the product. Crust appearance depreciated as substitution level 
increased. The preference of bread crust color of the samples with lower 
substitution level of cassava flour could be due to the presence of gluten 
protein from wheat flour and some reducing sugars in cassava flour, as 
an increase in cassava flour reduces the wheat flour and allows retention 
of more moisture in the dough causing paleness of the bread crust 
when baked. This agrees with the observation made by Dendy [31] that 
brownness of bread crust emanates from the Maillard reaction during 
baking in the presence of amino acids, reducing sugar, temperature, 
time of baking and moisture levels of the fermented dough. Color is 
also an inevitable check that could be used in determining the effects 
of ingredients or product formulation, process variable as well as the 
storage condition on baked products [32-34].

Taste

Table 7 shows that bread baked with 20% TME 419 at 60 min 
proofing with the sensory score of 2.23 was significantly preferred by 
the panelists followed by bread with 10% TME 419 at 40 min proofing. 
Taste is an important sensory attribute of any food [14]. Consumption 
of food is often enhanced by taste [35]. However, some panelists 
still expressed likeness for samples with high level of substitution of 
cassava flour such as bread from 30% TME 419 at 80 min proofing and 
30% TMS 98/1632 bread with sensory mean scores of 2.60 and 2.64 
respectively. This observation may be attributed to personal choices as 
reported by Khalil et al. [36] who stated that inclusion of cassava flour 
into wheat flour up to 30% could still give some desirable physical and 
sensory characteristics.

Conclusion
From the results obtained from this study, it can be concluded that 

high quality cassava flour (HQCF) can be used as a partial replacement 

for wheat flour in bread baking. HQCF/wheat flour composites between 
10 - 30% of cassava flour at proofing time between 40-50 mins using 
flour from cassava varieties TMS 98/87164, TME 98/419 and TMS 
98/1632 gave the best desirable physical and sensory attributes. The 
bread samples were highly rated and mostly preferred by the panelists. 
However, bread baked with cassava flour composition between 40-
50% at proofing time between 60-80 mins and with cassava varieties 
NR98/8082 and TMS 98/0581 had very poor physical properties as well 
as low sensory attributes. This implies that replacement of wheat flour 
by HQCF beyond 30% substitution is not desirable.
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