
 

 

Antioxidant, Anti-diabetic and Sensory Properties of Bread produced from flour blends 

of Wheat and Pretreated African yam bean and Bambara groundnut Seed coat 

 

Abstract 

Producing bakery products with low glycemic index is expedient to replacing the consumption of foods, 

such as white bread, correlated with cardiovascular diseases. This research looked at the chemical, 

antioxidant, anti-diabetic, and sensory properties of bread made from a mix of wheat flour (WF), pretreated 

African yam bean (AYB) and Bambara groundnut (BGN) seed coat. 

Bread samples were produced from formulated composite flour (wheat flour, pretreated African yam bean 

and Bambara groundnut seed coats) obtained from mixture design in response surface methodology in the 

ratio of WF: AYB (78.2 g: 21.8 g) and WF: BGN (74.42 g: 25.57 g). Samples were evaluated for proximate, 

total phenol and antioxidant activity (DPPH and ABTS), dietary fibre (Soluble, Insoluble and Total), anti-

diabetic (glycemic index, alpha-amylase and alpha glucosidase inhibition) and sensory properties. Data 

generated were subjected to Analysis of Variance to determine level of significant difference while means 

were separated by Duncan multiple range at p<0.05. 

The proximate composition of the bread samples, were moisture (30.29–33.75%), crude fibre (0.58–2.68)%, 

protein (7.98–11.59%), ash (1.69–2.35%,) fat (1.23–2.65%), and carbohydrate (48.20–55.77%). Total 

phenol, DPPH and ABTS ranged between 0.87 and 3.48 mgGAE/g, 3.07–18.88% and 0.001 - 0.004 Mmol/g 

respectively. The insoluble, soluble and total dietary fibre were2.91-9.28% 1.34-4.47% and 4.25-12.73% 

respectively. The values for the glycemic index alpha-amylase inhibition and alpha-glucosidase inhibition of 

the bread samples were in the range of 21.85–53.54, 26.99–93.31%, and 34.21–74.44% respectively. The 

sensory attributes of the composite bread were between liked slightly and liked moderately but the overall 

acceptability was not significantly different from the control sample made with 100% wheat flour. The study 

indicated that pretreated underutilized seed coats could be a useful ingredient in producing functional bread 

with appreciable nutrient profile. 
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1. INTRODUCTION 

Over the ages, legumes have occupied a prominent position in the supply of protein to households, 

especially in Nigeria, where a more significant percentage of the population lives below the poverty line and 

cannot afford the high cost of quality animal protein [1]. Legumes are gaining considerable interest globally 

because they promote healthy well-being by providing benefits beyond basic nutritional needs [2]. 



 

 

There is a growing global demand for legumes, particularly in Nigeria, due to heightened consumer 

awareness of their nutritional and health advantages. As a result, the cost of legumes has significantly risen 

[3]. To fulfil this requirement, it is necessary to focus on the nutritional analysis of several underutilised 

legumes, such as African yam bean and Bambara groundnut, to create affordable, creative, and enhanced 

goods. The thick seed coat of these legumes, underutilized to their full potential, makes preparation and 

processing challenging. Processing techniques like soaking, fermentation, and germination have been found 

to facilitate their processing, hence expanding their range of uses [4]. The dehulling process, known as 

primary processing, is a crucial step in the post-harvest handling of legumes. It plays a significant role in the 

processing and utilization of legumes in people's daily diets, as well as the preparation of local dishes [5]. In 

Nigeria, people dehull approximately 85% of legumes before consuming them. This process leads to the 

production of a significant amount of seed coating. In the coverings of legume seeds, you can find enzyme 

inhibitors like α-amylase, α-glucosidase, and γ-aminobutyric acid. These could be used as nutritional 

supplements [7]. Legume seed coverings also contain elements such as proteins, dietary fibre, and minerals 

that have beneficial effects on human health [8]. When taken in specific amounts, certain phytochemicals 

found in the seed coats of legumes, typically classified as anti-nutritional components, can benefit human 

health by preventing and treating specific diseases [9]. Regular consumption of seed coatings can effectively 

manage chronic diseases such as cardiovascular diseases, diabetes mellitus, hypertension, and obesity [10, 

11, 12].  

Consuming too much white bread can contribute to celiac disease in people sensitive to gluten, obesity, 

diabetes, and heart disease; hence substituting a certain percentage of wheat flour with non-wheat and fibre-

rich sources can bring succor to potential consumers. Seed coats of underutilized legumes, considered as 

good source of dietary fibre, may serve as suitable ingredients for bread formulation [13]). Currently in 

Nigeria, legume seed coats are usually discarded after or during processing of legumes as waste products 

despite their nutritional and phytochemical potentials. Consumption of white bread is gradually increasing 

owing to its relative cheap price among other food items such as rice, beans and others. 

Wheat flour has been reported to adversely affect consumers' health due to its high glycemic index and 

effects on people living with celiac disease [14, 13]. Production of commonly consumed bakery products 

with a low glycemic index becomes expedient because consumption of foods with a high glycemic index has 

been positively correlated with cardiovascular disease risk factors [7]. This study, therefore, investigated the 

effects of different pre-treatment methods (soaking in cold and warm water, sodium bicarbonate solution, 

and fermentation) on the chemical and sensory properties of bread produced from blends of wheat and pre-

treated seed coats of African yam bean and Bambara groundnut. 

 

 



 

 

2. MATERIALS AND METHODS 

2.1 Materials 

African yam beans (Sphenostylis stenocarpa) and Bambara groundnut (Vigna subterranea L.Verdc) were 

procured from the Ago Aduloju market in Ado Ekiti, Ekiti State. Wheat flour (Golden penny) was sourced 

from a recognized retailer in Ado-Ekiti, Ekiti State, Nigeria. All the reagents used were analytical grades. 

2.2 Dehulling and Pre-treatmentof Seed coat of African yam bean and Bambara groundnut 

 

The seeds were sorted manually to remove extraneous materials and diseased seeds. The selected seeds were 

then soaked for 12 h in cold water at room temperature (28±2 
o
C) and dehulled. Pre-treating seed coats of 

AYB and BGN in 2% NaHCO3 yielded the best results in terms of the evaluated parameters in a previous 

study and this informed its choice in this present study. Dehulled seed coats were soaked in a 2% sodium 

bicarbonate solution for 1 h. The pre-treated seed coats were dried at 55
o
C in a hot air oven (MFRS Unicorn 

Instruments, India) to a constant weight. The dried seed coats were milled in a grinder (Mixer grinder. MX-

AC 210S, Panasonic, JAPAN) to obtain flour and sieved (100 µm). The flour obtained was packaged in 

high-density polyethene before analyses. 

 

2.3Composite Flour Formulation 

 

The flour used for bread production was obtained from blends of wheat flour, pre-treated seed coats of 

African yam bean, and Bambara groundnut. The formulation ratio for the composite flour was obtained from 

a mixture design in response surface methodology, which was evaluated from the combination of wheat 

flour, pre-treated African yam bean, and Bambara groundnut seed coat flour. The optimum formulation 

ratios were Wheat flour (WF): African yam bean (AYB) (78.2: 21.8 g) and WF: Bambara groundnut (BG) 

(74.42: 25.57 g). The 100% wheat flour was used as the control sample. 

 

2.4Production of Bread 

 

All formulations were baked according to [15] method. The dough was adequately prepared by mixing the 

flour with weighed ingredients: 5 g salt, 40 g margarine, 20 g yeast and 60 g granulated sugar in 500 ml 

water, followed by stirring using a Kenwood mixer (Model A 907 D, Japan) for 5 min to obtain a dough. 

The dough (250 g) was allowed to undergo first proofing in a baking tin for 55 min at room temperature 

((28±2 
o
C)) and second proofing in a cabinet for 90 min at 30 °C, 85% RH and baked at 250 °C for 30 min. 

Before analyses, the bread was cooled at room temperature ((28±2 
o
C) and preserved in low-density 

polyethene. 

 

2.5 Proximate Composition Analysis of Composite Bread  

 

The moisture, ash, fat, crude fibre and protein content of composite bread were determined using the 

standard procedures of the Association of Official Analytical Chemists [16]. Moisture content was 

determined by drying the sample in an oven at 105
o
C to a constant weight. Ash was measured from the 

residual mass obtained after incinerating the samples at 550
o
C for 2 h in a muffle furnace. Fat content was 

determined by continuous extraction in a Soxhlet apparatus for 4 h using hexane as a solvent. After 

evaporation of the solvent, the fat content was obtained by the gravimetric method. Crude fibre was 

determined by acid and alkali digestion methods. Protein content was determined using the Kjeldahi method. 

Carbohydrate content was calculated by difference. 



 

 

 

 

 

 

2.6 Total Phenol Analysis of the Composite Bread 

 

Total Phenol was determined according to the method described by [17]. The composite bread sample (0.2 

g) was mixed with 2.5 ml of 10% Folin-Ciocalteau's reagent and 2 ml of 7.5% sodium carbonate. The 

reaction mixture was incubated for 40 min at 45 
o
C, and the absorbance was measured at 700 nm in the UV-

visible spectrophotometer (JENWAY 6405 Model, UK and England). 

 

2.7 Antioxidant Assays of the Composite Bread 

 

2.7.1 Determination of 2,2-Diphenyl-1-Picrylhydrazyl Hydrate (DPPH) radical scavenging activity of 

 the composite bread 

DPPH (2,2-diphenyl-1-picrylhydrazyl hydrate)radical scavenging activity of the composite bread samples 

were determined as described by [18]. The procedure involved taking a known volume of sample extract or 

reference compound, ascorbic acid, and adding it to a methanolic solution of DPPH (0.03 mM). Both 

solutions were kept in a dark chamber for 30 min before measuring the absorbance at 517 nm. Free radical 

scavenging ability was calculated as a percentage of DPPH discolouration as follows: 

DPPH radical scavenging activity  % =   
𝐴𝑠− 𝐴𝑜

𝐴𝑠
 𝑥 100     

Where As = absorbance of the standard and Ao = absorbance of the sample. 

 

2.7.2  Determination of 2,2’-azinobis (3-ethylbenzothiazoline-6- sulfonic acid(ABTS) of the composite 

 bread 

Total antioxidant activity was determined by the ABTS test described by [18]. 2,2’-azinobis (3-

ethylbenzothiazoline-6- sulfonic acid) diammonium salt (ABTS.+ ) decolourization The procedure involved 

pregeneration of ABTS.+ radical cation by mixing 7 mM ABTS stock solution with 2.45 mM potassium 

persulfate and incubated for 12–16 h in the dark at room temperature until the reaction was completed and 

the absorbance was stable.The absorbance of the ABTS. + solution was equilibrated to 0.70 (± 0.02) by 

diluting with water at room temperature. The preset volume of ABTS+ solution was combined with a 

measured volume of the test sample. After 6 minutes, we measured the absorbance at a wavelength of 734 

nm. The percentage reduction in absorbance was computed and graphed as a function of the concentration of 

the standard and sample in order to ascertain the trolox equivalent antioxidant concentration (TEAC). The 

ABTS radical scavenging activity can be calculated using the formula:  

ABTS radical scavenging activity (%) = 100 -  
𝐴𝑐

𝐴𝑠
  𝑥 100 

Where Ac represents the absorbance of the sample and As represents the absorbance of the control. 

2.8Dietary fibre of the Composite Bread 

Insoluble and soluble fibre were analysed using the [16]. The food sample, which had been dehydrated and 

had its fat removed, was subjected to enzymatic digestion using a-amylase, amyloglucosidase, and protease 

enzymes in order to break down the starch and protein components. The total fibre content of the sample was 

evaluated by precipitating all the fibre in the solution using 95% ethanol. The fluid underwent filtration, 

resulting in the collection, drying, and weighing of the fibre. The water-soluble and water-insoluble fibre 



 

 

components were identified by filtering the sample that had undergone enzymatic digestion. The soluble 

fibre remained in the filtrate solution whereas the insoluble fibre was retained in the filter. The component 

that cannot be dissolved was gathered from the filter, dried, and measured in terms of weight. The soluble 

component was separated from the solution by precipitating it with 95% alcohol, then collected through 

filtration, dried, and measured in terms of weight. To account for any residual presence of protein and ash in 

the fibre, the protein and ash content of the different fractions was measured. The total fibre content can be 

calculated by subtracting the combined weight of protein and ash from the weight of the residue.  

       

2.9 Glycemic index of the Composite Bread 

 

The glycemic index was determined according to the method of [19]. Bread samples (50 mg) were incubated 

at 37 
o
C with 1 mg of pepsin in 10 mL HCl-KCl buffer (pH 1.5) at 40 

o
C for 60 min in a shaking water bath. 

The digest was diluted to 25 mL by adding phosphate buffer (pH 6.9) and 5 mL of a-amylase solution was 

then added, which contained 0.005 g of α-amylase in 10 mL of buffer. A 0.1-ml sample was taken from each 

flask every 30 min from 0 to 3 h and boiled for 15 min to inactivate the enzyme. Sodium acetate buffer (1 

mL 0.4M, pH 4.75) was added, and the residual starch was digested to glucose by adding 30 mL 

amyloglucosidase and incubating at 60_C for 45 min. The glucose concentration was determined by adding 

200 mL of dinitrosalicylic acid colour reagent. The reaction mixtures were stopped by placing the tubes in a 

water bath at 100
o
C for 5 minutes and then cooled to room temperature. The reaction mixture was then 

diluted by adding 5 mL of distilled water and centrifuged (Model 90-1 LIAM MEDICAL ENGLAND) at 

1200 x g. The supernatant was collected, and the absorbance was measured at 540 nm using a 

spectrophotometer(JENWAY 6405 Model, UK and England). The rate of starch digestion was expressed as 

the percentage of hydrolyzed starch per time. A 50-mg sample of glucose was used as the standard. 

 

2.10Inhibition of alpha-amylase Activity Assay of the Composite Bread 

The alpha-amylase inhibition method is used to estimate the amount of reducing sugar produced by the 

activity of each enzyme on buffered starch. α - amylase was assayed, as reported by [20]. The substrate for 

the assay was 0.5 ml of 0.5% soluble starch, buffered with 0.2 ml of 0.1 M sodium acetate (pH 5.6). An 

aliquot of crude enzyme extract (0.3ml) was introduced into the mixture, thoroughly mixed, and then 

subjected to incubation at a temperature of 40
o
C for 30 minutes in a water bath. A volume of 1 millilitre of 

DNSA solution was introduced into the mixture and subjected to boiling for 5 minutes. After cooling, a 4 ml 

aliquot of distilled water was added before measuring the absorbance at 540 nm using a spectrophotometer. 

A blank solution was prepared by combining 0.3 ml of distilled water, 0.5 ml of 0.5% soluble starch, and 0.2 

ml of buffer. This blank solution was then treated to the same protocols. 

 

2.11 Inhibition of alpha- glucosidase Activity Assay of the Composite Bread 

The inhibition of alpha-glucosidase was assessed using the method outlined by [20], utilising alpha-

glucosidase derived from Saccharomyces cerevisiae. 50 μl of the sample was pre-incubated with 100 μl of α-

glucosidase (0.3 U/mL) for 10 min. The substrate solution, p-nitrophenylglucopyranoside (pNPG), was 

produced in 20 mM phosphate buffer and pH 6.9. Next, 50 microliters of a 3.0 millimolar solution of pNPG 

(a substrate) dissolved in a 20-millimolar phosphate buffer with a pH of 6.9 was added to initiate the 

reaction. The reaction mixture was subjected to incubation at a temperature of 37°C for 20 minutes, and the 

reaction was terminated by the addition of 2 mL of a solution containing 0.1 M Na2CO3. The alpha-

glucosidase activity was assessed by quantifying the release of para nitrophenol, which has a yellow colour, 

from pNPG at a wavelength of 405 nm. 



 

 

2.12 Evaluation of Sensory Attributes of the Composite Bread  

The sensory features (including crust and crumb colour, taste, aroma, appearance, texture, and overall 

acceptability) were assessed using the methodology described in reference [21]. A panel of 75 individuals, 

consisting of both faculty members and undergraduate students from the Department of Food Science and 

Technology at Bamidele Olumilua University of Education Science and Technology in Ikere - Ekiti, was 

chosen. A 9-point Hedonic scale was utilised, with ratings ranging from 9 (indicating a large liking) to 1 

(indicating a strong dislike). 

 

2.13 Statistical Analysis 

The collected data were analysed using Analysis of Variance (ANOVA) with the Statistical Analysis 

Software SAS (2009) for Microsoft Windows. The Duncan Multiple Range Test (DMRT) was used to 

separate the means, and a significance level of p < 0.05 was used to determine significant differences. The 

analyses were performed in triplicate. 

3. RESULTS AND DISCUSSION 

 

3.1 Proximate Composition of Composite Bread  

The moisture contents of the bread samples,presented in Table 1, ranged between 30.29% and 33.75%. The 

control sample, consisting of 100% wheat flour, exhibited the maximum moisture content at 33.75%, 

whereas the bread with African yam bean seed coat flour had the lowest moisture content at 30.29%. The 

bread samples exhibited statistically significant differences (p<0.05) in their moisture content. The inclusion 

of African yam bean and Bambara groundnut seed coat flours resulted in a significant (p<0.05) reduction in 

moisture content in the bread samples, indicating improved stability in favorable conditions. The 

measurement of moisture content has been utilised to assess stability and vulnerability to microbial 

contamination [22]. The moisture values observed in the current investigation were below the range of 30.90 

to 36.00%, which was previously reported by [23] for bread made from a mixture of wheat, anchote, and 

soybean flours. The bread from this study has a low moisture level, which can be beneficial because high 

moisture can promote the growth of microorganisms, leading to faster spoilage of food products. According 

to the findings of [22], flour samples with lower moisture levels had better shelf stability. This is due to the 

fact that microbiological activities and chemical reactions, which require higher moisture levels, typically 

drive rotting. 

The bread samples exhibited a range of crude fibre content, with values ranging from 0.58% to 4.48%. The 

value exhibited a statistically significant increase (p<0.05) in the sample when Bambara groundnut was 

added, with an increase from 0.58% to 4.48%. On the other hand, the addition of African yam bean seed coat 

only resulted in a minor rise in the content, from 0.58% to 3.88%. The control sample exhibited a very 

minimal value. These findings indicate that the seed coat of Bambara groundnut and African yam beans 

contains a significant amount of dietary fibre. The research findings of the present study align with previous 

reports by [24] and [25], which also highlighted the high fibre content of Bambara groundnut. High dietary 

fibre is beneficial for promoting regular bowel movements, reducing blood cholesterol levels, and regulating 

blood sugar levels [26]. 

The protein level of the bread samples ranged from 7.98% to 11.59%. The protein content of the various 

bread samples exhibited a significant difference (p<0.05). The protein analysis indicated that adding African 

yam bean and Bambara groundnut seed coat flours to wheat flour resulted in a significant (p<0.05) increase 

in the protein content of the resulting bread. The bread made with African yam bean seed coat flour 

exhibited the highest protein content, measuring at 11.59%. Conversely, the wheat flour-only control sample 

had the lowest protein content, measuring at 7.98%. The findings also indicated that the protein content of 



 

 

the African yam bean's seed coat may be higher than that of the Bambara groundnut seed coat and wheat. 

[27] [27] made a similar observation about the nutritional analysis of African yam bean and Bambara nut 

pudding. Consuming the composite flour with enhanced protein content may potentially ameliorate protein-

energy malnutrition in the malnourished group [28]. The protein values observed in this study align with a 

previous report by [29] (ranging from 5.38% to 12.57%) for wheat-breadfruit composite flour. In 2021, the 

study by [30] revealed a protein range of 12.34–14.01% for composite flour derived from wheat, acha, and 

African yam beans. 

The bread's ash content ranged from 0.69% to 2.35%. There was a significant difference (p<0.05) in the ash 

content between the composite bread samples and the control. The findings indicated that incorporating 

African yam bean and Bambara groundnut seed coat flour into wheat flour led to a significant (p<0.05) 

increase in the ash content of the composite bread samples. However, it was observed that bread containing 

Bambara groundnut seed coat flour had a significantly (p<0.05) higher ash content (2.35%) compared to 

bread with African yam bean seed coat. The control sample had the lowest ash content. According to [31], 

ash residue serves as an indicator of the mineral composition of the initial food, with the mineral 

components typically constituting a minor proportion (less than 1%) of the food. [32] also asserted that the 

ash content of a sample serves as an indicator of its mineral or inorganic composition. These minerals serve 

as inorganic co-factors in metabolic processes. Therefore, the absence of these inorganic co-factors may lead 

to impaired metabolism [32]. The ash content values observed in this investigation are consistent with a 

previous report (1.40 to 2.82%) [33] for mixtures of African yam bean and maize seed flour. 

Bread's fat content ranged from 1.23 to 2.65%. The bread containing a composite flour of Bambara 

groundnut seed coat had the highest fat content, measuring at 2.55%. Conversely, bread containing 100% 

wheat had the lowest fat content, measuring at 1.23%. A statistically significant difference (p<0.05) was 

seen in the values obtained from composite bread made with African yam bean seed coat and wheat flour, 

with a fat content of 1.72%, showed a statistically significant difference (p<0.05). Simultaneously, there was 

a significant difference (p<0.05) in the fat content between the composite bread samples made from 

Bambara seed coat composite flour and the control. The seed coat of legumes contains lipids, which make up 

approximately 1–3% of their composition [34]. The findings indicate that the seed coat of Bambara 

groundnut has the potential to serve as a substantial reservoir of fat. The fat content measured in the current 

study was consistent with the fat values of 2.62 to 5.60% reported by [25] for bread made from a mixture of 

wheat, yellow root cassava, and Bambara groundnut flour. 

The bread's carbohydrate content ranged from 48.20% to 55.77%. The addition of African yam bean and 

Bambara groundnut seed coat flour resulted in a substantial decrease (p<0.05) in the carbohydrate content of 

the various bread samples. The bread containing Bambara groundnut seed coat flour had the lowest 

carbohydrate level, measuring at 48.20%. Conversely, the bread containing 100% wheat had the highest 

carbohydrate content, measuring at 55.77%. There was a statistically significant difference (p<0.05) between 

the bread made from 100% wheat flour and the bread with African yam bean seed coat (50.48%). [35] stated 

that a high carbohydrate level indicates that the bread would serve as a source of energy. Nevertheless, 

individuals aiming for weight loss may consider incorporating low-carbohydrate items into their diet. The 

carbohydrate content observed in this study falls within the range of 51.18 to 53.48%, which is consistent 

with the findings published by [25] for bread made from mixes of wheat, yellow root cassava, and Bambara 

groundnut flour. 

Table 1. Proximate composition of the bread containing pre-treated African yam bean and Bambara 

 groundnut seed coats (%). 

Sample Moisture  Crude 

fibre  

Protein  Ash  Fat  Carbohydrate  

AYB 30.29
c
±0.57 3.88

b
±0.04 11.59

a
±0.26 2.04

b
±0.07 1.72

b
±0.19 50.48

b
±0.19 

BGN 31.96
b
±0.22 4.48

a
±0.23 10.36

b
±0.04 2.35

a
±0.11 2.655

a
±0.51 48.20

c
±0.44 



 

 

 

 

 

 

 

 

 

Values are means ± standard deviation of triplicate determinations. Means with different superscripts along 

the same column are significantly different (p<0.05)according to Duncan’s test. 

Key:AYB- Bread made from 21.762 g of AYB seed coats and 78.238 g of Wheat flour; BG- Bread made 

from 25.577 g of BG seed coats and 74.423 g of Wheat flour; -100% wheat flour bread–Control sample 

 

3.2 Total phenol content of Composite Bread 

 

The total phenol content of the bread samples is presented in Table 2. The phenolic content of the bread was 

between 0.87 and 3.48 mg/g. There was a significant (p<0.05) increase in the phenolic content of the bread 

samples with addition of the pretreated seed coat. The result indicated that addition of African yam bean and 

Bambara groundnut seed coat flours to wheat flour significantly (p<0.05) increased the phenolic content of 

bread, with African yam bean composite bread having the highest phenolic value of 3.48 mg/g. In contrast, 

100% wheat bread had the lowest phenolic value (0.87 mg/g). Increase in phenolic content of the bread 

could be attributed to pre-treatment of the seed coat with 2 % sodium bicarbonate. Sodium Bicarbonate is 

used to aid in the extraction of total polyphenols, its main effect is to increase the pH of extraction solution 

[36]. [37] reported that the antioxidant activity is directly proportional to the total phenol. The higher the 

phenolic content in a product, the higher its antioxidant activity. This observation explains the higher 

antioxidant activity values recorded for the composite bread samples in Table 2. The phenol contents 

recorded in the present study are lower than 32.72 to 71.79 mg/g earlier reported by [38] for bread from 

wheat-Bambara groundnut flour blends. 

 

3.3 Antioxidant Properties of Composite Bread 

The DPPH (2, 2-Diphenyl-1-picrylhydrazyl) values of the bread samples (Table 2) varied between 

3.07and18.88%. The result showed that addition of African yam bean and Bambara groundnut seed coat 

flours to wheat flour significantly (p<0.05) increased the DPPH values of the bread samples. [39] also made 

a similar observation, reporting that addition of legume flour (African yam bean and Bambara groundnut) 

increased the antioxidant content of the composite flour samples. African yam bean seed coat composite 

bread had the highest DPPH value (18.88%) which was significantly different (p<0.05) from the value 

recorded for bread containing Bambara groundnut seed coat (5.89%), reason for the increase may be 

attributed to increase in DPPH of Pre-treated African yam been seed coat by 2 % Sodium bicarbonate. 

Meanwhile, 100% wheat bread had the lowest DPPH. The DPPH values recorded in the present study are 

lower than 41.16 to 87.23%, as [18] reported for maize–Bambara groundnut composite bread.Lower amount 

of hydrogen could be responsible for low DPPH, [40]. [41] had earlier reported that DPPH is insoluble in 

water. DPPH selectively reacts with radicals and hydrogen atom donors at different reaction sites. Radicals 

usually attack the phenyl ring, while hydrogen donors reacts with the divalent nitrogen atom. 

The ABTS values of the bread samples (Table 2) varied between 0.001 to 0.004%. Addition of African yam 

bean and Bambara groundnut seed coat flours to wheat flour increased the ABTS in the composite flour 

samples. African yam bean seed coat composite bread had the highest ABTS value (0.004 %) which was 

100% 

WHEAT  

33.75
a
±0.21 0.58

c
±0.03 7.98

c
±0.26 0.69

c
±0.04 1.23

b
±0.42 57.77

a
±0.76 



 

 

significantly (p<0.05) different from (0.001 %) recorded for bread sample made from 100% wheat flour. 

ABTS is a very useful index used for measuring antioxidant capacity in a variety of foods [42]. A diet high 

in antioxidants may reduce the risk of many diseases (including heart disease and certain cancers). 

Antioxidants scavenge free radicals from the body cells and prevent or reduce the damage caused by 

oxidation [43]. The ABTS values recorded in the present study were found to be lower than 0.04 to 0.08 

reported by [44] for breads from wheat-pumpkin flour blends. Low values in ABTS reported in this study 

could be attributed to pre-treatment of the seed coats, this conforms to the report of [45], pre-treatment 

reduced ABTS radical scavenging activity, possibly due to the destruction of the protein structure. 

 

Table 2. Total phenol and antioxidant activity of Bread containing African yam bean seed coat and 

 Bambara groundnut seed coat.   

 

 

 

 

 

 

 

 

 

Values are means ± standard deviation of triplicate determinations. Means with different superscripts along 

the same column are significantly different (p<0.05)according to Duncan’s test. 

Key:AYB- Bread made from 21.762 g of AYB seed coats and 78.238 g of Wheat flour; BG- Bread made 

from 25.577 g of BG seed coats and 74.423 g of Wheat flour; -100% wheat flour bread–Control sample 

 

 

3.4 Dietary Fibre Content of the Composite Bread 

 

Dietary fibre content of samplesis presented in Table 3. The insoluble fibre values of composite and pure 

wheat bread varied between 1.40 and 9.28%. The insoluble fibre content of the different bread samples was 

significantly different (p<0.05) from one another. The composite bread samples were found to have higher 

insoluble fibre content than the control (100% wheat bread), with African yam bean bread having the highest 

insoluble fibre (9.28%). The result showed that African yam bean could be a better source of insoluble fibre 

if added to white bread. Pre-treatment of the seed coats with 2 % Sodium Bicarbonate also contribute to the 

increase in the insoluble fibre content of the bread. Insoluble fibre helps to hydrate and move waste through 

the intestines, which helps prevent constipation [46]. The insoluble fibre values recorded in the present study 

are higher than 0.26 to 1.48%, as [47] reported for composite bread from a wheat-millet flour blend. 

 

The soluble fibre values of the composite and pure wheat bread varied between 1.34 and 4.47%. Bambara 

groundnut composite bread was observed to have the highest soluble fibre (4.47%), while 100% wheat flour 

had the lowest value (1.34%). Pre-treating Bambara groundnut seed coats with 2 % Sodium Bicarbonate 

increased its soluble fibre which is an added advantage in the high soluble fibre recorded for its bread 

sample. Soluble fibre retains water and turns to gel during digestion. This action slows digestion and nutrient 

absorption from the stomach and intestine, thereby increasing satiety [48]. [49] also reported that increased 

consumption of dietary fibre content significantly reduces obesity. The dietary fibre results suggest that 

using Bambara groundnut seed coat flour in bread production could increase the dietary fibre of the bread 

product. 

Sample Total Phenol  

(mg GAE/g) 

DPPH (%) ABTS (Mmol/g)  

AYB 3.48
a
±0.00 18.88

a
±1.86 0.004a±0.00 

 

 

BGN 1.41
b
±0.35 5.89

b
±0.06 0.003a±0.00 

 

 

100%WHEAT  0.87
c
±0.05 3.07

c
±1.34 0.001b±0.00 

 

 



 

 

 

Table 3. Dietary fiber content of composite Bread containing African yam bean and Bambara  

 groundnut seed coat 

Values are means ± standard deviation of triplicate determinations. Means with different superscripts along 

the same column are significantly different (p<0.05)according to Duncan’s test. 

Key:AYB- Bread made from 21.762 g of AYB seed coats and 78.238 g of Wheat flour; BG- Bread made 

from 25.577 g of BG seed coats and 74.423 g of Wheat flour; -100% wheat flour bread–Control sample 

 

3.5 Anti-diabetic Properties (Glycemic index, alpha-amylase and alpha- glucosidase Inhibition) of 

 Composite Bread 

 

The glycemic index values of the composite bread samples and control (Table 4) varied between 21.85 and 

53.54%. Pure wheat flour bread had the highest glycemic index (53.54%), African yam bean seed coat bread 

had (25.12 %) while Bambara groundnut seed coat bread had the lowest glycemic index (21.85%). It was 

noticed that African yam bean and Bambara groundnut seed coat significantly (p<0.05) reduced the 

glycemic index of the bread. The study showed that 100% wheat flour bread had relatively significant 

(p<0.05) high glycemic index. The glycemic index result suggests that African yam bean and Bambara 

groundnut seed coat bread could be recommended to diabetic patients since they have a low glycemic index. 

The glycemic index measures how much specific foods increase blood sugar levels [50]. [51] reported that 

consuming a medium glycemic index food may help improve glycemia. Low GI has been associated with a 

lower risk of developing type 2 diabetes and coronary heart disease and may help individuals with insulin 

resistance [52]. WHO/FAO recommends low-GI foods to prevent lifestyle-related diseases [50]. The 

glycemic index values recorded in the present study are lower than 51.42 to 72.80 reported by [53] for 

wheat-orange fleshed sweet potato composite bread. 

 

The Alpha-amylase inhibition values of the composite bread and control sample (Table 4) varied between 

26.99 and 93.31%. African yam bean seed coat bread had the highestAlpha-amylase inhibition, while 100% 

wheat bread had the lowest value. Significant differences (p<0.05) were observed in the alpha amylase 

inhibition of the different bread samples. The result showed that incorporation of African yam bean and 

Bambara groundnut seed coat flour into bread increased the Alpha amylase inhibition of the bread samples. 

Αlpha-amylase inhibitors can act as carbohydrate blockers, limiting the digestibility and absorption of 

carbohydrates in the gastrointestinal diet [54]. Clinically, α-amylase inhibitors can prevent diabetes, 

hyperglycemia, hyperlipemia and obesity [54]. The alpha-amylase inhibition values recorded in the present 

study are higher than 29.96 to 56.77% reported by [55] for bread from Sphenostylis stenocarpa-wheat 

composite flour and 51.7 to 81.0% reported by [56] inbread from Bambara groundnut composite flour. The 

higher values recorded in this study might be associated to the high content of dietary fibre in the seed coats 

used in the composite flour. 

 

The Alpha-glucosidase inhibition values of the composite bread and the control sample (Table 4) varied 

between 34.21 and 74.44%. African yam bean seed coat bread had the highest Alpha-glucosidase inhibition 

Sample Insoluble fiber (%) Soluble fiber (%) Total dietary (%)                          

AYB 9.28
a
±0.82 3.36

b
±0.00 12.64

a
±0.00 

BGN 8.26
b
±0.82 4.47

a
±0.00 12.73

a
±0.00 

100% WHEAT  2.91
c
±3.42 1.34

c
±0.99 2.74

b
±4.94 



 

 

value while 100% wheat bread had the lowest Alpha-glucosidase inhibition value. The addition of seed coat 

to wheat flour caused significant increase (p<0.05) in the Alpha-glucosidase inhibitory activity of the 

different bread samples. The result showed that African yam bean seed coat bread had a higher Alpha-

glucosidase inhibition effect than pure wheat flour bread. Hence, adding African yam bean seed coat flour to 

wheat flour could help increase the Alpha-glucosidase activity of bread, which can be recommended for 

diabetic patients. Alpha-glucosidase inhibitors reduce the absorption of carbohydrates from the small 

intestine. They competitively inhibit enzymes that convert complex, non-absorbable carbohydrates into 

simple, absorbable carbohydrates. These enzymes include glucoamylase, sucrase, maltase, and isomaltase 

[57]. The Alpha-glucosidase inhibitory activity values recorded in the present study are higher than  14.21 to 

22.50%, as [58] reported for bread from wheat, whole millet, and natural hydrocolloid composite flour.  

 

Table 4. Anti-diabetic properties of composite Bread containing African yam bean and   

 Bambara groundnut seed coat 

 

 

 

 

 

 

 

 

Values are means ± standard deviation of triplicate determinations. Means with different superscripts along 

the same column are significantly different (p<0.05) according to Duncan’s test. 

Key:AYB- Bread made from 21.762 g of AYB seed coats and 78.238 g of Wheat flour; BG- Bread made 

from 25.577 g of BG seed coats and 74.423 g of Wheat flour; -100% wheat flour bread–Control sample  

 

3.6 Sensory Attributes of Composite Bread containing African yam bean, Bambara groundnut 

seed  coat. 

Table 5 presents the sensory characteristics of the composite bread made from African yam bean, Bambara 

groundnut seed coatings, and the control sample. The crust colour, as determined by the panellists, exhibited 

a substantial variation (p<0.05) in the scores given by the panellists (ranging from 6.45 to 7.68). The study 

showed a marginal preference for the crust colour of the two composite breads, but a high preference for the 

control sample.The mean score for crumb color ranged from 5.64 to 7.53. The crumb colour of bread made 

with African yam bean seed coat was somewhat preferred, whereas bread made with Bambara groundnut 

seed coat and pure wheat flour bread were considerably preferred. The appearance scores ranged from 5.76 

to 7.27. The African yam bean seed coat bread exhibited a mild preference, whereas the Bambara groundnut 

seed coat bread and the control sample demonstrated a moderate preference. The AYB seed coat's 

pigmentation may have influenced the composite bread's reduced rating. The elevated fiber content in the 

composite bread contributed to its darker look and crumb colour compared to the control sample [59]. The 

composite bread exhibited a pleasant aroma and flavour, which were found to be well-received than the 

control sample, as evidenced by their sensory scores. The seed coat's presence improves the bread's 

fragrance and flavour [60]. 

The average sensory score for scent ranged from 6.56 to 6.91. The three samples' fragrance received 

moderate appreciation. The bread texture scores ranged from 6.35 to 7.45. The composite bread samples 

were somewhat favourable, whereas the control sample was highly avorable. The taste scores ranged from 

6.09 to 6.75. The panellists showed a considerable level of liking for the bread containing African yam bean 

and Bambara groundnut seed coat, whereas the control sample received only moderate appreciation. The 

Sample Glycemic Index Alpha-amylase 

inhibition (%) 

Alpha-glucosidase 

inhibition (%) 

AYB 25.12
a
±0.05 93.31

a
 ±0.13 77.19

a
±0.00 

BGN 21.85
c
±0.05 88.89

a
±0.25 74.44

b
±2.63 

100% WHEAT  53.54
b
±0.14 26.99

c
±0.13 34.21

c
±2.63 



 

 

panellists rated the bread samples, ranging from 6.50 to 7.00, for overall acceptability. The panellists rated 

both the composite bread and control sample as moderately liked in terms of overall acceptability. 

Remarkably, there was no significant difference (p > 0.05) in the overall acceptability between the 

composite bread and the control sample. The panel members' preference may have been impacted by their 

familiarity with bread baked exclusively from wheat flour. These observations corroborate the findings of 

[61] regarding the sensory attributes of sorghum-based bread. 

Table 5. Sensory attributes of composite bread containing African yam bean and Bambara   

 groundnut seed coat 

 

 

 

 

 

 

 

 

 

 

 

 

Values are means ± standard deviation of triplicate determinations. Means with different superscripts along 

the same column are significantly different p<0.05 according to Duncan’s test. 

Key:AYB- Bread made from 21.762 g of AYB seed coats and 78.238 g of Wheat flour; BG- Bread made 

from 25.577 g of BG seed coats and 74.423 g of Wheat flour; -100% wheat flour bread–Control sample 

4. CONCLUSION 

This study has indicated that pre-treated seed coats of African yam bean and Bambara groundnut with 2% 

sodium bicarbonate could be successfully utilised in the formulation of composite flour for the production of 

functional bread. The composite bread had noticeable increase in fibre, protein, ash contents, total phenol 

and antioxidant properties as well as soluble and insoluble dietary fibre. The anti-diabetic properties were 

also improved while the bread also had acceptable sensory properties. These characteristics are good 

pointers to the possible utilisation of underutilised legume seed coats in different food applications, thus 

widening their utilisation. 

 

 

REFERENCES 

1 Saka JO Ajibade SR, Adeniyan ON, Olowoyo RB, Ogunbodede BA. Survey of underutilized grain 

Legume production systems in the Southwest Agricultural zone of Nigeria. Journal of Agricultural 

and Food Information,2019; 6(2-3): 93-108. 

2 Ade-Omowaye BIO, Tucker GA, Smetanska I. Nutritional potential of nine underexploited legumes 

in Southwest Nigeria. International Food Research Journal. 2015; 22(2), 806-798. 

3. Nedumaran S, Abinaya P, Jyosthnaa P, Shraavya B, Parthasarathy R, BantilanC. Grain Legumes 

Production, Consumption and Trade Trends in Developing Countries.Working Paper Series No 60. 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Telangana: 

International Crops Research Institute for the Semi-Arid Tropics 2015; 1−57. doi: 

10.7910/DVN/V61SNB. 

 Samples 

Attribute AYB bread BGN bread Pure wheat bread 

Crust Color 6.45
c
 ± 1.93 6.97

b
 ± 1.14 7.68

a
 ± 1.56 

Crumb Color 5.64
b
 ± 1.86 7.16

a
 ± 1.10 7.53

a
 ± 1.41 

Appearance 5.76
b
 ± 1.86 7.33

a
 ± 1.08 7.27

a
 ± 1.65 

Aroma 6.56
a
 ± 2.07 6.76

a
 ± 1.58 6.91

a
 ± 1.59 

Texture 6.35
b
 ± 1.67 6.66

b
 ± 1.33 7.45

a
 ± 1.67 

Taste 6.75
a
 ± 1.56 6.95

a
 ± 1.58 6.09

b
 ± 1.98 

Overall 

Acceptability 

6.50
a
 ± 1.69 7.00

a
 ± 1.05 6.94

a
 ± 1.58 



 

 

4. Maphosa Y, Jideani VA. Maphosa L. Bambara groundnut production, grain composition and 

 nutritional value: Opportunities for improvements. The Journal of Agricultural Science. 2015;160 

(6):  448-458. 

5. Hatice P. Pulse Processing Technology International Conference of Technology, Engineering and 

Science 2017;(1): 336-338. 

6. Erdil DN. Application studies of pulses in bakery products. Healthy Nutrition and HealthyLife with 

 Pulses Platform Project. Istanbul, Turkey. 2016. 

7. González-Montoya M, Cano-Sampedro E, Mora-Escobedo R. Bioactive Peptides  from Legumes as 

 Anticancer Therapeutic Agents. International Journal of Cancer Clinical Research. 2017;4, 081. 

8. Clemente A, and Olias R. Beneficial effects of legumes in gut health. Current Opinion in  Food 

 Science.2017; 14: 32-36. 

9. Scarafoni, A., Magni, C., and Duranti, M. Molecular nutraceutics as a mean to investigate the 

positive effects of legume seed proteins on human health. Trends in Food Science and 

Technology.2007; 18(9): 454-463. 

10. Nestel P, Cehun M, Chronopoulos A. Effects of long-term consumption and single meals of 

chickpeas on plasma glucose, insulin, and triacylglycerol concentrations. The American Journal of 

Clinical Nutrition.2004; 79 (3): 390-395. 

11. Sievenpiper, J. L., Kendall, C. W. C., Esfahani, A., Wong, J. M. W., Carleton, A. J., Jiang, H. Y., 

 and Jenkins, D. J. A. Effect of non-oil-seed pulses on glycaemic control: a systematic review and 

meta- analysis of randomised controlled experimental trials in people with and without diabetes. 2009. 

12. Olmedilla-Alonso B, Jiménez-Colmenero F, Sánchez-Muniz FJ. Development and assessment of 

healthy properties of meat and meat products designed as functional foods. Meat Science. 2013;95 

(4): 919-930. 

13. Bansee D, Bhavesh LJ, Mansukhlal BK, Vyas DM. Study on quality of white bread enriched with 

finger millet flour. International Journal of Agriculture Environment and Biotechnology.2016;9 (5): 

903 DOI:10.5958/2230-732X2016.00116.9. 

14.  Takahama U, Hirota S. Flour and Breads and their Fortification in Health and Diseases  Prevention. 

 Journal of Agricultural and Food Chemistry. 2010; 141-151. DOI: 10.1016/B978-0-12-380886-

 8.10013-3. 

15.  Cauvain SP. Technology of breadmaking. Retrieved from http://www.eblib.com. 2015 

16.  AOAC, 2010. Official methods of analysis, Association of official analytical chemist 19
th

 edition, 

 Washington D.C., USA. 

17.  Adebo OA. Medina-Meza IG. Impact of Fermentation on the Phenolic Compounds an Antioxidant 

 Activity of Whole Cereal Grains A Mini Review. 2020; 25(4):927:doi:   

 10.3390/molecules25040927 

18. Mashau ME, Mabodze T, Tshiakhatho OJ, Silungwe, H. Ramashia SE. Evaluation of the content of 

polyphenols, antioxidant activity and physicochemical properties of tortillas added with Bambara 

groundnut flour. Molecules,2020; 25(13): 3035. 

19. Oguntuase SO, Ijarotimi OS, Oluwajuyitan TD, Oboh G. Nutritional, antioxidant, carbohydrate 

 hydrolyzing enzyme inhibitory activities, and glycemic index of wheat bread as influence by 

 Bambara groundnut substitution. Journal of Applied Sciences. 2022; 4: 

 121.https://doi.org/10.1007/s42452-022-05018-8. 

20. Oyedemi SO, Oyedemi BO, Ijeh II, Ohanyerem PE, Coopoosamy RM, Aiyegoro OA. Alpha-

Amylase  Inhibition and Antioxidative Capacity of Some Antdiabetic Plants Used by the Traditional 

Healers in  South-eastern Nigeria. The Scientific World Journal. 2017; 

https://doi.org/10.1155/2017/3592491. 

21. Stone and Sidel. The role of sensory evaluation in the food industry. 2007; Volume 4, Issues 1-2, 

 65-73. https://doi.org/10.1016/0950-3293 (93) 90314-V. 

22. Akinsanmi A, Oduje AA, Alexander Edah I. Characterization and Phytochemical Screening of n-

Hexane Oil Extract from CissusaralioidesB. V. Setty&P. Singh. Seeds. International Journal of 

Scientific& Engineering Research. 2015; 6(1): 112-116. 

http://www.eblib.com/
https://doi.org/10.1016/0950-3293


 

 

23. Haile A, Bekele T, Desalegn T. Evaluation of Physicochemical Characteristics of Wheat-Anchote-

Soyabean Composite Flours Bread and Its Organoleptic Acceptability. Journal of Nutritional 

Ecology and Food Research.2017; 4 (2): 148-155. 

24. Begum R, Uddin MJ, Rahman MA, Islam MS. Comparative Study on the  Development of Maize 

 Flour Based Composite Bread. Journal of the BangladeshAgriculturalUniversity.2013; 11, 133-139. 

 https://doi.org/10.3329/jbau.v11i1.18224. 

25. Okoye EC, Ezeugwu EH. Production, quality evaluation and acceptability of bread from wheat, 

 Bambara groundnut and yellow root cassava flours. International Journal of Food and Bioscience. 

 2019;2(1): 11-17. 

26. Ikpeme-Emmanuel CA, Ekpeyoung IO, Igile GO. Chemical and protein quality of Soybean (Glycine 

 max) and Tigernut (Cyperusesculentus) based weaning food. Journal of Food Research. 2012;1(2): 

 246. 

27. Ugwu BO, Ukpabi UJ. Potential of soy-cassava flour processing to sustain increasing cassava 

 production in Nigeria. Outlook on Agriculture. 2022; 31 (2): 129-133. 

28. Temba MC, Njobeh PB, Adebo OA, Olugbile AO, Kayitesi E. The role of  compositing cereals with 

 legumes to alleviate protein energy malnutrition in Africa. International journal of food science &

 technology. 2016; 51 (3): 543-554. 

29. Abegunde TA, Bolaji OT, Adeyeye SA. Peluola-Adeyemi OA. Quality evaluation of baked cake 

from  wheat breadfruit composite flour. American Journal of Food Science and Technology.2019; 7(1): 

 31-39. 

30. Adeyanju JA, Ogunlakin GO, Oloyede AA, Amure EA. Optimisation of Process  Variables for The 

 Production Of Cookies From Wheat, Fonio, Pigeon Pea Flour Blends Using D–Optimal Design. 

 Annals of the Faculty of Engineering Hunedoara.2021; 20(4): 101-106. 

31. Onwuka GI. Food Analysis and Instrumentation (Theory and practice). Second edition Naphthali 

 Prints, Lagos, Nigeria. 2018; 343, 353-359, 373. 

32. Iheanacho KM, Udebuani AC. Nutritional composition of some leafy vegetables  consumed in Imo 

 state, Nigeria. Journal of Applied Sciences and Environmental Management.2009; 13(3). 

33. Henry-Unaeze HN, Okoye CR. Evaluation of Pasting and Functional Properties of Flour Blends 

Made from African Yam Bean (Sphenostylisstenocarpa) and Corn (Zea mays) Seeds. International 

Journal of Innovative Science and Research Technology. 2022; 7 (3). 

34.  Tiwari BK, Singh N. Pulse chemistry and technology (1st edition). Cambridge, UK: Royal Society of 

 Chemistry. 2011. 

35.  Okoye EC, Onyekwelu CN. Production and quality evaluation of enriched cookies from wheat, 

African  yam bean and carrot composite flours. Annals: Food Science & Technology. 2018;19(1). 

36.  Faye PG, Niang L, Ndiaye EM, Cisse QIK, Sow A, Ayessou NC, Cisse M. Effect of Sodium 

 Carbonate on Extraction by Aqueous Decoction of Total Polyphenols from Crushed and Whole 

Leaves  of Combretum micranthum. Journal of Food and Nutrition Sciences. 2023; 14(9). 

 Doi:10.4236/fns.2023.149052. 

37.  Huang SJ, Lin CP, Tsai SY. Vitamin D2 content and antioxidant properties of fruit body and mycelia 

 of edible mushrooms by UV-B irradiation. Journal of Food Composition and Analysis.2015; 42,38-

 45. 

38. Mashau ME, Mukwevho TA, Ramashia SE, Siwela M. The influence of Bambara  groundnut (Vigna 

 subterranean) flour on the nutritional, physical and antioxidant properties of steamed bread. CyTA-

 Journal of Food. 2022; 20 (1): 259-270. 

39. Abdel-Gawad AS, Rashwan MRA, El-Naggar EA. Hassan MA. Composite Flours from Wheat-

 Legumes Flour. 1. Chemical Composition, Functional Properties and Antioxidant  Activity.

 Assiut  Journal of Agricultural Sciences. 2016;47. 

40. Baliyan, S., Mukherjee, R., Priyadarshini, A., Vibhuti, A., Gupta, A., Pandey, R.P. and Chang, C.M. 

 (2022). Determination of Antoixidant by DPPH Radical Scavenging Activity and Quantitative 

 Phytochemical Analysis of Ficus religiosa. International Journal of Molecular Sciences,27 (4): 

 1326. 

41. Gulcin I, Alwasel SH. DPPH Radical Scavenging Assay. Journal of Multidisciplinary Digital 

Publishing Institute. 2023; 11(8), 2248. 

https://doi.org/10.3329/jbau.v11i1.18224


 

 

42. Munteanu IG, Apetrei C. Analytical methods used in determining antioxidant activity: A review. 

International Journal of Molecular Sciences. 2021; 22(7): 3380. 

43. Biskup I, Golonka I, Sroka Z. Gamian A. Antioxidant activity of selected phenols estimated by 

ABTS and FRAP methods. Advances in Hygiene and Experimental Medicine. 2013; 67, 958-963. 

44. Wahyono A, Lee SB, Yeo SH, Kang WW, Park HD. Effects of concentration of Jerusalemartichoke 

powder on the quality of artichoke-enriched bread fermented with mixed cultures ofsaccharomyces 

cerevisiae, torulaspora delbrueckiiJK08 and pichia anomala JK04. Emirates Journal of Food and 

Agriculture. 2020; 28(4): 242–250. 

45. Hu A, Li L. Effects of ultrasound pretreatment on functional property, antioxidant activity, and 

 digestibility of soy protein isolate nanofibrils. Journal of Ultrasonics Sonochemistry.2022; 90:106-

 193. 

46. Khalid W, Arshad MS, Jabeen A, Muhammad Anjum F, Qaisrani TB, Suleria HAR. Fiber‐enriched 

 botanicals: A therapeutic tool against certain metabolic ailments. Food Science & Nutrition. 2022;

 (10), 3203-3218. 

47. Chhavi A, Sarita S. Evaluation of composite millet breads for sensory and nutritional qualities and 

 glycemic response. Malaysian journal of Nutrition. 2012;18 (1). 

48. Rebello CJ, O’Neil CE, Greenway FL. Dietary fiber and satiety: the effects of oats on satiety. 

Nutrition  reviews. 2016;74 (2), 131-147. 

49. Kurek M. Wyrwisz J. The application of dietary fiber in bread products. Journal of Food Processing 

 and Technology.2015; 6 (5), 447-450. 

50. Amadi JA. Glycaemic Index of Three Cocoyam Varieties Consumed in Imo State, Nigeria. 

 Functional Foods in Health and Disease. 2019;9: 576-592. 

51. Queiroz KC, Silva IN Alfenas RDCG. Influence of the glycemic index and glycemic load of the diet 

 in the glycemic control of diabetic children and teenagers. Nutricion hospitalaria, 2012; 27(2): 510-

 515. 

52. AlGeffari MA, Almogbel ES, Alhomaidan HT, El-Mergawi R, Barrimah IA.Glycemic indices, 

 glycemic load and glycemic response for seventeen varieties of dates grown in Saudi Arabia. 

 Annals of Saudi medicine.2016; 36(6): 397-403. 

53. Oloniyo RO, Omoba OS, Awolu OO, Olagunju AI. Orange‐fleshed sweet potatoes composite bread: 

A good carrier of beta (β) ‐carotene and antioxidant properties. Journal of Food Biochemistry. 2020; 

45(3): e13423. 

54. Diowksz A, Malik A, Jaśniewska A, Leszczyńska J. The inhibition of amylase and ACE enzyme and 

the reduction of immunoreactivity of sourdough bread. Foods. 2020; 9(5): 656. 

55. Shodehinde SA, Dasappa I, Pichan P, Olubode SO. Akinnusi PA. Comparison of  nutritional 

 composition, HPLC caharacterization, antioxidants property and starch profile of  Sphenostylis 

 sternocarpa composite bread and wheat bread. Journal of Medicinal Herbs. 2022; 13(3):39-48. 

 Doi:10.30495/MEDHERB.2022.698448. 

56. Oguntuase SO, Ijarotimi OS, Oluwajuyitan TD, Oboh G. Nutritional, antioxidant,  carbohydrate 

 hydrolysing enzyme inhibitory activities and glycemic index of wheat bread as influence by Bambara 

 groundnut substitution. Journal of Applied Sciences. 2022; 4 (121) https://doi.org/10.1007/s42452-

 022-05018-8. 

57. Ruiz-Ruiz JC, Moguel-Ordoñez YB, Matus-Basto AJ, Segura-Campos MR.Antidiabetic and 

 antioxidant activity of Stevia rebaudiana extracts (Var.Morita) and their  incorporation  into  

 a potential functional bread. Journal of food science and technology. 2015; 52, 7894-7903. 

58. Imam YT. In Vitro Bioactivities and Sensory Qualities of Gluten-Free Bread Made from Whole 

Millet and Natural Hydrocolloids Composite Flour (Doctoral dissertation, Kwara State University 

(Nigeria). 2021. 

59. MasoudG, Jahan BG, Amir MM.Comparison of three sensory characterization methods based on 

consumer perception for development of a novel functional cereal-based  dessert.AIMS Agriculture 

and Food. 2017; 2(3): 258-278. DOI: 10.3934/agrfood. 

60. Hu G, Huang S, Cao S Ma Z. Effect of enrichment with hemicellulose from rice bran  

 on chemical and functional properties of bread. Journal of Food Chemistry.2008; 115, 839-842. 

https://doi.org/10.1007/s42452-%09022-05018-8
https://doi.org/10.1007/s42452-%09022-05018-8


 

 

61. Nhlanhla MD, Fei X, Renyong Z. The efficacy of sorghum flour addition on dough rheological 

properties and bread quality: A short review. Journal of Grain & Oil Science and 

Technology.2020;3(4):164-171. 

 


