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Abstract

The influence of cocoyam and Bambara groundnuts flour substitution on the properties of wheat bread was explored
in this study. Five different flour samples were formulated by incorporation of cocoyam and Bambara groundnut
flour into wheat flour at varying proportions of 100:0:0; 80:12:8; 70:18:12; 60:25:15 and 50:30:20. One hundred
percent (100%) of wheat flour (WF) was used as control. A straight dough method adopted by AACC was used in the
production of the various bread samples with minor adjustment. The study employed a nine-point hedonic scale to
evaluate the bread samples using twenty panelists. The data were analysed with the Analysis of Variance (ANOVA).
Proximate compositions of the various bread samples were determined using AOAC method. The moisture and ash
contents of the samples varied from 20.25-67.28% and 0.78-1.45% respectively. Fat and fiber contents of the bread
samples were 5.28-7.10 % and 0.60-1.80%. Protein and carbohydrate contents were 11.34-16.38% and 53.65-
75.86%. Sensory analysis of the bread samples was also performed on flavour, colour, texture, taste, and overall
acceptability. When the cocoyam and Bambara groundnut flour content in the composite bread was increased, the
results demonstrated an increase in Ash, fiber, protein, and carbohydrate content. Sensory examination
demonstrated significant (p<0.05) differences in sensory attributes between the 100% wheat and 70%, 18%, and
12% wheat-cocoyam-Bambara groundnut flour composite bread. This study concludes that using cocoyam and
Bambara groundnut flours in bread production is possible and that incorporating composite flours up to 18% and
12% into wheat flour will help improve the bread quality.
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Introduction

Bread is a major staple food in many parts of the world, as well as one of the most widely used cereal
products (Callejo et al., 2016). Wheat and a few other popular cereal grains are the only grains used to
make bread. Wheat flour quality is critical in bread production since wheat (Triticum aestivum L.) is the
world's most important cereal crop and the major ingredient in bread making (Manisseri and Gudipati,
2010). Wheat flour is used in bread making because of its gluten, which gives the dough elasticity by
causing it to stretch and trap the carbon dioxide created by yeast during fermentation (Mepba et al.,
2007). However, because wheat production in tropical nations is limited, wheat flour must be imported

1934



Nat. Volatiles & Essent. Oils, 2022; 9(1): 1934-1943

to meet local demand (Giami et al., 2007). Wheat is imported by countries with harsh climatic conditions
(Aziah et al., 2009). As a result, wheat imports use a large amount of foreign exchange in such importing
countries. According to Ojinnaka and Nnorom (2015), many farmers are starting to switch from growing
wheat to growing additional profitable crops like cocoyam, Bambara beans, and soybeans, which can
serve as industrial and household use. Celiac illness is linked to gluten ingestion, which is found in wheat
and wheat-based products and therefore causes this condition in people who are naturally inclined to it
(Caio et al., 2019). As a result, using gluten-free cocoyam to make food products would be safe for gluten-
free people to eat. In spite of the wheat related issues, there have been studies on the use of various local
raw materials in bread manufacturing (Yue et al., 2007). This research found that using 2 to 10% non-
wheat flour in bread does not result in adverse changes in bread properties or sensory features.

The edible root crop cocoyam (Colocasia esculenta) is endemic to the tropics, with Ghana being a major
producer and it belongs to the Araceae family (Ihekoronye & Ngoddy, 1985). After yam and cassava,
cocoyam is the third most important root crop in West Africa (Obomeghevie et al., 1998). Cocoyam has a
higher protein and amino acid profile than other tropical root or tuber crops, according to Key (1987),
giving it a nutritional edge. Cocoyam granules are small and high in starch, making them easy to digest
(Huang et al., 2000). Cocoyam is not used to its full potential; it is only used in soups and a few indigenous
dishes as a thickening agent. As a result, its transformation into flour could be useful in the baking industry.

The Bambara groundnut is a Fabaceae vegetable. The leguminous crop (Vigna subterranea (L.) is a
semi-dry African native (Adjetey and Sey, 1998), an underutilized auxiliary food crop that is regularly found
in Ghana and Nigeria (Atiku, 2000). Ghanaians eat this vegetable cooked and it has potential in
horticulture as cover crops, green excrement, and straw since it supplies nitrogen to the soil. Bambara
groundnut (Vigna subterranea (L.) is high in carbohydrate and protein (15-27%), with a lot of amino acids,
especially lysine and methionine, which are known to be low in cereals and numerous different vegetables
(Arise et al., 2017). The beans have the potential to serve as a substitute and provide a balanced diet in
areas where animal protein is scarce and the growth of other vegetables is hazardous due to high levels
of pesticides. Using native harvests, for example, cocoyam and Bambara groundnut in bread preparation
will add to lessening the reliance on wheat flour in numerous non-wheat developing regions.
Furthermore, it would likewise add to advancing the appropriateness of the yields as modern unrefined
components. The aim of this study, therefore, was to determine the nutritional composition and sensory
properties of bread made from wheat flour supplemented with cocoyam and Bambara groundnut
composite flour.

Materials and Methods

Material Collection

The experiment was conducted at the Mycotoxin and Food Analysis Laboratories, Kwame Nkrumah
University of Science and Technology, Kumasi, Ghana, in February, 2020. Fresh cocoyam and Bambara
groundnut were obtained from the Kumasi Central Market alongside wheat flour, sugar, salt, yeast,
margarine and nutmeg.

Processing of Cocoyam into Flour
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Oti and Akobundu (2007) described a method for processing cocoyam comels into flour. Cocoyam cornels
were peeled, sliced, and washed with portable water. The slices were blanched for 15 minutes at 75°C.
The blanched slices were oven-dried for 9 hours at 60°C before being milled into flour, which was then
sieved to produce flour with a fine texture.

Preparation of the Bambara groundnut flour

The flour was treated with minor changes using the method adopted by Mune et al., (2011). Extraneous
debris and damaged seeds were removed from Bambara groundnut seeds during sorting. The seeds were
then steeped for 24 hours at room temperature. In a moisture extraction oven, it was mechanically
dehulled in an attrition mill and dried for 24 hours at 60 degrees Celsius. To make the flour, the dried
seeds were finely milled and sieved for their intended purpose.

Formulation of composite flour

Five different bread samples were produced from wheat, cocoyam, and Bambara groundnut flour blends
in the ratios, 100:0:0, 80:12:8, 70:18:12, 60:25:15, and 50:30:20. The control sample was bread made
entirely of wheat flour.

Table 1: Formulation of ingredients for bread making

INGREDIENTS T: T T3 Ts Ts

Strong wheat flour (g) 100 80 70 60 50
Cocoyam flour (g) 0 12 18 25 30
Bambara groundnut flour (g) 0 8 12 15 20
sugar (g) 12 12 12 12 12

Yeast (g) 10 10 10 10 10

Salt (g) 1 1 1 1 1

Margarine (g) 10 10 10 10 10

Nutmeg (g) 1 1 1 1 1
Water (ml) 100 100 100 100 100

Values represent means and standard deviation replicate readings for various parameters. Values in the
same column with different superscripts are significantly different (p>0.05). Keys: T1(100% wheat flour),
T»(80% wheat, 12% Cocoyam and 8% Bambara groundnut flour ), T3 (70% wheat, 18% Cocoyam and 30%
Bambara groundnut flour), Ts4 (60% wheat, 25% Cocoyam and 15% Bambara groundnut flour ), and
Ts(50% wheat, 30% Cocoyam and 20% Bambara groundnut flour).

Bread making process

The straight dough method was used to make bread from composite flours and 100% wheat flour using
the (AACC, 2000) method with slight modifications. The following blending ratios were utilised to mix the
wheat, cocoyam, and Bambara groundnut flours: 100:0:0, 80:12:8, 70:18:12, 60:25:15, and 50:30:20, with
the wheat flour serving as the control. As illustrated in Table 1, the bread was made with a composite
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flour of cocoyam, Bambara groundnut, wheat, and other ingredients. All the ingredients were manually
combined in a bowl with the addition of water to form soft dough, then kneaded and sheared for 15
minutes until uniform dough was made. For 60 minutes, the dough was fermented in a bowl covered with
a plain polyethylene bag in a cabinet kept at 27°C and 75% relative humidity. The dough was punched
back after 60 minutes to release any trapped oxygen. It was then returned to the cabinet for a second
fermentation for 15 minutes. The dough was then taken out of the cabinet and divided into 100 g pieces,
molded by hand, proofed for 20 minutes, placed in a greased pan, and baked for 20 minutes at 200°C. The
baked bread was then taken out of the oven, allowed to cool, and placed in polyethylene bags for
proximate and sensory evaluation.

Proximate Composition

The composite bread and control samples' proximate analyses were determined using the AOAC (2000)
method. The researcher measured the moisture, ash, fat, crude fiber, crude protein, and carbohydrate
(by difference).
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Sensory Analysis

A 9-point hedonic scale ranked 1-9 was used to assess the bread’s sensory qualities (1 = very dislike and
9 = extremely like). The evaluation included 20 semi-trained panelists who assessed flavour, colour,
texture, taste, and overall acceptability (lwe 2002). The bread samples were sliced into uniform thickness
(2 cm) pieces, coded with single random alphanumeric and served to the panelists in a randomized order
with distilled water for mouth rinsing after each sample taste. The panelists were asked to rate the
attributes expressing their level of like or dislike.

Statistical Analysis

The data was subjected to a one-way analysis of variance (ANOVA). The Statistical Package for the Social
Sciences (SPSS) version 20 was used to separate the means using Duncan's Multiple Range Test (IBM SPSS
Statistics). P<0.05 was used as the significance level.

Results and Discussion

Proximate compositions of the bread samples

The proximate compositions of the bread samples made from a combination of wheat, cocoyam, and
Bambara groundnut flour are shown in Table 2. Moisture content ranged from 20.78% to 27.68%. The
highest moisture level (27.68%) was found in bread sample T1 (100% wheat bread), whereas the lowest
moisture content was bread sample T5 (50% wheat, 30% Cocoyam, and 20% Bambara groundnut flour)
with 20.78%. As the amount of cocoyam and Bambara groundnut flour substituted increased, the
moisture content of the bread samples reduced intensely. The moisture content of the control wheat
bread (100:0:0) differed substantially from the other bread samples (P<0.05). This finding is consistent
with that of (Mepba et al., 2007), however it differs from that of (Njintang et al., 2008). Again, the moisture
content measured differed considerably (P >0.05) from that reported on wheat-yam bread samples by
Adebowale et al. (2009). It is possible that the change is due to the inclusion of Bambara groundnut flour.

The ash content was 0.78% for 100% wheat bread (T1) 1.21%, (T2) 1.31%, (T3) 1.38%, (T4) 1.45% and
(T5) which showed significance increase in the ash content as the cocoyam and Bambara groundnut flour
substitution levels increased. Because of the higher ash content, cocoyam and Bambara groundnut-based
bread is more nutrient-dense than wheat-based bread. The larger amounts of ash in cocoyam flour
compared to wheat flour could explain the increase in ash content. The control (whole wheat bread) and
their composites showed a significant difference (p<0.05) in statistical analysis. The mean percentage of
fat ranged from 5.28 to 7.10 %, with the control bread sample (100 % wheat) having the highest mean
value of 7.10% and the composite bread sample T5 having the lowest fat content (5.28% ). The fat content
of the wheat, cocoyam, and Bambara groundnut bread dropped as the composite flour increased (Table
2), which could be attributed to their low fat contents, as described by (Eddy et al., 2007). The control
bread sample, which has the highest fat level, is susceptible to rancidity during storage, but the composite
bread sample T5 may be less susceptible because of its low fat concentration. High-fat content in food
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considerably increases the amount of energy required by people. High-fat flours can also be used as
flavour enhancers and to improve the palatability of dishes (Aiyesanmi, et al., 1996). The findings revealed
a significant difference (p< 0.05) between the whole wheat bread and the composite bread samples.

In line with previous research by Farzana & Mohajan, (2015), fiber content was improved from 0.60
percent to 1.80% in sample T5 by increasing cocoyam and Bambara flour contents by 30% and 20%,
respectively. This type of fiber may be present in greater quantities in cocoyam and Bambara flour than
in wheat flour. With a p<0.05 significance level, the analysis of variance on all proximate analysis results
revealed significant differences between the bread samples. The increase in crude fiber content may be
due to the fact that the 100% wheat flour bread had lower fiber content (0.60%) as compared to the
wheat, cocoyam, and Bambara groundnut composite flour bread. Fiber is a form of roughage that aids
digestion (Marer and Martin, 2003), and it could be used as a supplement in foods that are high in fiber.
The percentage of protein in the samples ranged from 11.34 to 16.38% (Table 2). The control bread had
the lowest mean value (11.34%) and the highest mean value (16.388%) was composite bread sample T5.
In terms of protein content, there was a significant (p<0.05) difference between the bread samples. It was
discovered that increasing the quantity of cocoyam and Bambara groundnut flours in the composite bread
samples resulted in an increase in protein levels. The increase in protein content of the samples gives the
cocoyam and Bambara groundnut products a nutritional benefit and this rise can be connected to the
enzymatic protein and microbial activities during bread fermentation and baking (Dubey et al., 2008).

The carbohydrate content varied from 53.65% to 75.86% (Table 2). The carbohydrate content of the
control bread samples T1 (53.65%), T2 (70.50%), T3 (71.30%), T4 (73.80%), and T5 (75.86%) increased
significantly as the cocoyam and Bambara groundnut flour substitution levels increased, indicating a
significant increase in carbohydrate content. Cocoyam and Bambara groundnut-based bread is more
nutrient-dense than 100% wheat bread, as seen by the rise in carbohydrate content. Cocoyam includes
carbohydrates in the form of starch, according to Onyeike (2008). Blending with cocoyam flours increased
carbohydrate content, according to Eddy et al., (2007). In roots and tubers, carbohydrate predominates
over all other solid nutrients (Okon et al., 2007).

Table 2: Proximate composition of the bread

Samples Moisture (%) Ash (%) Fat (%) Fibre Protein (%) CHO (%)
T: 27.68? 0.78¢ 7.10° 0.60¢ 11.34¢ 53.65¢
T2 25.40° 1.12¢ 6.31° 1.05d 12.35¢ 70.50¢
T3 23.78° 1.31° 6.52¢ 1.28°¢ 13.34¢ 71.30°¢
Ta 23.55¢ 1.38° 5.86¢ 1.39° 13.52° 73.80°
Ts 20.25¢ 1.45° 5.28¢ 1.80° 16.38° 75.86°

Values represent means and standard deviation replicate readings for various parameters. Values in the
same column with different superscripts are significantly different (p>0.05). Keys: T:(100% wheat flour),
T,(80% wheat, 12% Cocoyam and 8% Bambara groundnut flour ), T3 (70% wheat, 18% Cocoyam and 30%
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Bambara groundnut flour), T, (60% wheat, 25% Cocoyam and 15% Bambara groundnut flour ), and
Ts(50% wheat, 30% Cocoyam and 20% Bambara groundnut flour).

Sensory attributes of the wheat, cocoyam and Bambara groundnut blended bread

The flavour, texture, colour, and overall acceptability of 100% wheat and composite bread are presented
in (Table 3). The flavour of the wheat and supplemented bread ranged from 7.15 to 9.14, with the 100%
wheat bread scoring the highest at 9.14, and bread sample T5 scored the lowest at 7.15. There was a
statistical difference (p<0.05) between the flavour of the composite bread T2, T3, T4, T5 and the control
bread (100% wheat flour). The results of this investigation are consistent with those published by IITA
(1995), who positively substituted flour made from 297 genotypes of DAF (D. alata) for good quality bread
at a 40% WF replacement. The results differed from those of Balogun et al. (2012), who found that tapioca
meal enriched with defatted soy flour had the best organoleptic properties.

The texture of the wheat and composite bread samples varied from 8.11 to 9.26 with the control
sample T1 having the highest mean score of 9.26, followed by composite bread sample T2 with 9.14 and
the lowest texture (8.11) was for sample T5 (50% wheat, 30% cocoyam and 20% Bambara groundnut
flour). The results revealed a statistical difference (p<0.05) between the whole wheat and the composite
bread. The texture of the bread manufactured from 100% wheat flour (control) was superior to that of
the cocoyam-Bambara groundnut bread samples. The colour of the bread went from 9.25 to 9.48. The
bread sample (T1) made of 100% wheat flour had the least colour mean score (9.25), while the bread
sample T5 recorded the most remarkable mean score for colour (9.48). The huge expansion in mean
colour scores for composites bread at increasing cocoyam and Bambara groundnut replacement levels
goes in accordance with the discoveries by Raid and Klein 1983 who noticed that as the degree of non-
wheat flour in mixes is expanded, the crust colour of the bread changes from creamy white to dull brown
or dim. There was a significant difference (P<0.05) between the control bread sample and the composites.

The bread samples had a taste range of 8.50 to 9.45, with bread sample T3 having the highest mean
taste score (9.45) followed by the control bread sample (9.41). At 12% and 18% substitution levels of
Bambara groundnut and cocoyam blended flour, the taste of the composite bread was considerably
improved (p<0.05). There was no significant difference (p>0.05) between composite bread samples (T2,
T3, and T4) and the control (T1) when cocoyam and Bambara groundnut flour were added at 18 and 12%
respectively, however, there was a significant difference (P<0.05) between the control (T1) and the T5. In
almost all of the sensory tributes tested, the substitution of cocoyam and Bambara flour at levels of 18
and 12% appeared to produce a loaf with acceptable sensory qualities that were comparable to the score
of the control bread.

Table 3: Sensory attributes of the wheat, Cocoyam and Bambara groundnut flour bread

Samples Flavour Texture Colour Taste Overall Acceptance
T. 9.14° 9.26° 9.30¢ 9.41°9.40°
T, 8.45° 9.14° 9.40° 9.40° 9.39°
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Ts 8.30° 9.13¢ 9.48° 9.46% 9.46°
Ta 8.35¢ 9.07¢ 9.36° 9.38" 9.38°
Ts 7.15¢ 8.11¢ 8.95¢ 8.50° 8.10°

Values represent means and standard deviation replicate readings for various parameters. Values in the
same column with different superscripts are significantly different (p>0.05). Keys: T1(100% wheat flour),
T,(80% wheat, 12% Cocoyam and 8% Bambara groundnut flour ), T5 (70% wheat, 18% Cocoyam and 30%
Bambara groundnut flour), T, (60% wheat, 25% Cocoyam and 15% Bambara groundnut flour ), and
Ts(50% wheat, 30% Cocoyam and 20% Bambara groundnut flour).

Conclusion

The proximate composition of the composite bread samples revealed a high level of ash, fiber, protein,
and carbohydrate content, which is comparable to wheat flour. This recommends that wheat flour might
be substituted with up to 18% cocoyam and 12% Bambara groundnut flour to produce bread with good
nutritional and sensory properties. The present study concluded that replacing cocoyam and Bambara
groundnut flour with wheat at 18% and 12% respectively, enhanced the nutrient content of cocoyam and
Bambara groundnut flours, particularly protein, ash, fiber, and carbohydrate, and thus the combination
of these raw materials into wheat produced a more nutritionally balanced and acceptable bread that was
cheaper and more readily available. The study indicates that cocoyam and Bambara groundnut flour have
the potential to boost cocoyam and Bambara groundnut production and expansion in Ghana and other
African countries.
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