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Abstract
This study was carried out to evaluate the physical properties, proximate compositions as well as consumer acceptability of breads supplemented with Bambara nut flour. Bambara nut flour was prepared according to standard method and used at different replacement levels of 10%, 20%,30% and 40% for wheat flour in the production of wheat-Bambara nut composite breads with 100% wheat bread loaves as control. The physical properties, proximate compositions and sensory attributes of the bread samples were determined using standard methods.  Triplicate data generated were statistically analyzed using version 23 of Statistical Package for Social Sciences (SPSS) software to determine the mean and standard deviations of the replicates. The physical properties of the bread samples (Loaf volume, loaf height, Loaf weight, oven spring and specific loaf volume) decreased significantly (p<0.05) with increase substitution of Bambara nut flour from 312.01 to 175.50cm3, 6.96 cm  to4.67 cm, 402.15 g to 384.67g, 53.50cm to 13.50 cm and 0.77 cm3/ g to  0.46cm3/g, respectively. The moisture, crude protein, fat, crude fibre and ash contents of the bread samples were found to increase proportionally with increased in Bambara nut flour substitution as follows: (6.84 -8.12)%, (7.93–11.46)%, (4.46- 5.67))%, (3.41-5.16)% and (1.46-2.38)%, respectively, while the carbohydrate content decreased from 75.89 % to 67.19 %. The result for the sensory attributes showed extreme likeness for the control (100% wheat bread) in crust color, aroma, taste, crumb texture and overall acceptability than the Wheat-Bambara nut composite bread samples as indicated by the reduction in values with gradual increase in substitution of Bambara nut flour as follows: (7.70 -6.90), (7.90 -5.80), (8.00 -6.20), (7.70 -5.90) and (8.50 - 6.70), respectively.
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1.0 Introduction 
Bread is a wheat-based fast and convenient food. It is often produced by baking dough, which primarily consists of wheat flour, water, yeast, and salt (Osuji, 2006). In Nigeria and around the world, it is a highly significant staple food. It was once regarded as the most significant human good, ranking third only to food and water. One of the most popular foods consumed worldwide is bread, and the technique used to make it is arguably among the first technologies ever discovered (Selomulyo and Zhou, 2007). In periods of severe food scarcity, it is thought to be the most affordable and essential supplemental food. The rate of bread consumption in Nigeria and the world has increased over the years. This has placed a huge pressure on wheat flour importation and consequently the price of wheat flour has skyrocketed. The attendant effect has been the astronomical increase in prices of bread, especially in Nigeria. To this end, the Nigerian government and the Food and Agriculture Organization (FAO) have promoted the use of composite flours and blends of wheat-less flours or meals for the production of aerated items like bread and biscuits in an effort to reduce or completely eliminate imports of wheat. Bambara nut (Vigna subterranea) is a tropical food legume and a member of the family of fabaceae.  It is grown extensively in Nigeria but it is one of the underutilized legumes in Nigeria (Goudoum et al., 2016).It possesses good levels of nutrients, particularly protein, carbohydrates and fat in such a balanced manner that it has been termed a “complete food” (Ndidi et al., 2014). Bambara nut is also important because of its relatively high lysine content Ahmad et al. (2014), which is low in cereals and other food legumes such as groundnuts and cowpeas (Yao et al., 2015). An over-reliance on the production of the three major global staples; maize, wheat and rice, to continue feeding the world is a dangerous approach and exposes food production to uncertainties, especially if one considers crop failure arising from biological and non-biological causes. Agriculture faces a two-pronged challenge: population increase and climate change. In this regard, there is a need to increase the production of other crop species rather than depend on the small number of major crops. Bambara groundnut is one of the crop species that can be added to the list of crops to be grown to alleviate hunger and malnutrition (Mayes et al., 2012). 

The production of bread from blend of wheat and bambara nut flour was an idea borne out of the desire to increase the diversification in the use of bambara nut. The idea was also spurred by the desire to curb protein deficiency in Nigeria among children and mothers using bread which is a staple as a vehicle. The objectives of this study were to evaluate the proximate composition, physical properties and consumer acceptability of wheat-bambrara nut composite bread at four levels of substitutions (10, 20, 30 and 40) % and comparing them with bread made from 100% wheat flour. 


2.0 	Materials and Methods
Wheat flour, Bambara nut seeds and baking ingredients such as nutmeg, yeast, margarine, milk, eggs and vanilla flavor was purchased from Relief market in Owerri Metropolis of Imo State, Nigeria. The Bambara nut was processed into flour by cooking the raw seeds in boiling water for 25 minutes, dehulling, heat steaming of the cotyledon for 20 minutes, drying at 70 oC till a constant weight was obtained, milling into flour and sieving through a 0.2 mm aperture sized sieve and packaged for further application (Elochukwu, 2020).

Bread production Procedure
The method of Asadu and Chukwu (2024) was used in the production of bread making use of flour blend ratios as shown in Table 1. Five (5) distinct samples, coded A through E, were produced by employing the straight dough method. The ingredients which included composite flour (wheat-bambara nut), sugar, salt, yeast, water, margarine, and bread improver were weighed accordingly. Composite flour (1 Kg) blend was mixed with 140 g of sugar, 20 g of salt, 15 g of yeast, 40 g of margarine, and 480 ml of potable water in a mixer for 20 minutes and then kneaded to obtain an elastic dough. The dough was cut, weighed, molded and placed in baking pans that had been greased with melted margarine. The dough was covered and allowed to proof for 45 minutes under a warm environment. The proofed dough was baked in the oven (Astel Hearson England Model 648) at the temperature of 160 oC for 35 minutes (Figure 1).  They were de-panned, cooled at room temperature and packaged for subsequent analysis. 


Determination of Physical Properties of Bread

Physical properties such as loaf weight, loaf height and loaf volume, specific volume and baking loss were determined by the methods given by Amandikwa et al. (2015). Loaf weight was measured by weighing the baked loaf mass using digital weighing balance. Loaf height of baked loaf was measured with the help of vernier caliper. Volume of loaf was measured by using measuring cylinder. The prepared loaf was placed in measuring cylinder having broad neck and reading was noted in ml. Specific volume of bread loaf was measured by dividing the loaf volume by loaf weight in mlg-1. Baking loss was measured by determining the moisture loss by weighing the freshly prepared loaf before baking and baked loaf after 1 hour in terms of yield. 

Determination of Proximate composition of Bread samples 
Moisture, fat, crude fibre, protein, ash and carbohydrates content of the bread samples were determined according to the methods of AOAC (2015).

Moisture content determination
Two grams of each of the bread sample was weighed into dried weighed crucible. The samples were put into a moisture extraction oven at 105oC and heated for 3 h. The dried samples were put into desiccators, allowed to cool and reweighed. The process was reported until constant weights were obtained. The difference in weight was calculated as a percentage of the original sample.
Percentage moisture (%)  							    1
Where:
W1 = Initial weight of empty dish 
W2 = Weight of dish + un-dried sample
W3 = Weight of dish + dried sample

Fat content determination 
Two grams of each of the bread sample was loosely wrapped with a filter paper and put into the thimble which was fitted to a clean round bottom flask, which has been cleaned, dried and weighed. The flask contained 120 ml of petroleum ether. The sample was heated with a heating mantle and allowed to reflux for 5 h. The heating was then stopped and the thimbles with the spent samples kept and later weighed. The difference in weight was received as mass of fat and is expressed in percentage of the sample.
Percentage fat (%)						                            2
Where:
W1 = weight of the empty extraction flask
W2 = weight of the flask and oil extracted
W3 = weight of the sample

Crude fibre determination
Two grams (2 g) of each bread sample and 1g asbestos was put into 200 ml of 1.25 % of H2SO4 and boiled for 30 minutes. The solution and content then poured into Buchner funnel equipped with muslin cloth and secured with elastic band. This were allowed to filter and residue were then put into 200 ml boiled NaOH and boiling continued for 30 minutes, then transferred to the Buchner funnel and filtered and washed thoroughly with hot distilled water. The precipitates were then rinsed twice with alcohol and thrice with petroleum ether. The residues obtained were scrapped into a clean weighed crucible and dried in the moisture extraction oven to a constant weight. The crucibles were removed, cooled in desiccators and re-weighed (Afiukwa et al., 2013). Then, difference of weight (i.e. loss in ignition) is recorded as crucible fibre and expressed in percentage crude fibre

 Percentage Crude Fibre (%)							    3
Where:
W1 = weight of sample before incineration
W2 = weight of sample after incineration
W3 = weight of original sample

Crude protein determination 
The micro kjeldahl method described by A.O.A.C (2015) was used. Two grams of each of the bread samples was mixed with 10ml of concentrated H2SO4 in a heating tube. One table of selenium catalyst was added to the tube and mixture heated inside a fume cupboard. The digest was transferred into distilled water. Ten-millimeter portion of the digest mixed with equal volume of 45 % NaOH solution and poured into a kjeldahl distillation apparatus. The mixture was distilled and the distillate collected into 4 % boric acid solution containing 3 drops of methyl red indicator. A total of 50 ml distillate was collected and titrated as well. The sample was duplicated and the average value taken. The Nitrogen content was calculated and multiplied with 6.25 to obtain the crude protein content. This is given as: 
 Percentage Nitrogen (%) 							    4
Where:
N= Normality of the titrate (0.1N)
VF= Total volume of the digest= 100 ml
T= Titre Value
Va= Aliquot Volume distilled

Ash content determination
Two grams of each of the bread samples was weighed into a crucible, heated in a moisture extraction oven for 3 h at 100oC before being transferred into a muffle furnace at 550oC until it turned white and free of carbon. The sample was then removed from the furnace, cooled in a desiccator to a room temperature and reweighed immediately. The weight of the residual ash was then calculated as ash Content.
    					    5                                        

Carbohydrate Content Determination
The Nitrogen free method described by Onwuka (2018) was used. The carbohydrate was calculated as weight by difference between 100 and the summation of other proximate parameters as Nitrogen free Extract (NFE) percentage carbohydrate
Nitrogen Free Extract (%) = 100- (m +p + F1 + A + F2)				               6
Where:
m = moisture
p = protein
F1 = Fat
A = ash
F2= Crude fibre

Sensory Evaluation
Sensory properties of the composite bread were carried out according to the method described by Iwe (2002).  A thirty (30) member trained panelist consisting of students and members of staff in Food Science and Technology Department, University of Agriculture and Environmental Sciences, Umuagwo, Ohaji, Imo state, Nigeria was chosen based on their familiarity and experience with bread samples for sensory evaluation. Samples produced were presented in coded form as sample A, B, C, D, and E. The panelists were provided with portable water to rinse their mouth during the evaluations. However a questionnaire describing the quality attributes (appearance, taste, aroma, crispiness and overall acceptability) of the samples was given to each panelist. Each sensory attributes was rated on a 9-point hedonic scale (1 = dislike extremely and 9 like extremely).
Statistical Analysis
Completely Randomized Design (CRD) was the method used in the investigation. Analysis of variance (ANOVA) was performed on the collected data at p<0.05. Statistical Package for Social Sciences (SPSS) version 23 was utilized to compare the treatment means using Duncan's New Multiple Range Test (DNMRT).  

3.0 Results and Discussion

Physical properties of Wheat-Bambara Composite Bread Samples 

The physical properties of the bread samples are presented in Table 2.The loaf volume of the samples decreased sequentially with increase substitution of Bambara nut flour from 312.02cm3 to 175.50cm3. The decrease may be attributed to high level of gluten present in wheat flour that reduced with increase in substitution level of Bambara nut flour in the composite blends which could not be properly stretched by carbon-dioxide (CO2) gas during fermentation and proofing Elleuch et al. (2011) as well as increase in water absorption mechanisms with inclusion of Bambara nut flour. The variation in volume could be a cumulative effect of lower proofing ability and oven spring which are functions of gas evolution. Moreover, research has shown that different physicochemical changes in flour blends which have positive effect on the nutritional and certain rheological properties of the dough might subsequently decrease the loaf volume of bread (Sibanda  et al., 2015). The ability of the dough not to rise during proofing is due to decrease in structure forming protein which leads to low bread volume (Bibiana et al., 2014). 
 The loaf height of the bread samples spontaneously decreased from 6.96 cm to 4.67cm with increase in substitution with Bambara nut flour. The values obtained in this study were higher than the loaf height (5.68-2.54) cm of wheat-sweet potato composite flour breads reported by Hathorn et al. (2008). The decrease in the loaf height could be attributed to proportional increase of Bambara nut flour in the products. This report is in consonance with the findings of Malomo et al. (2012), Nwokeke et al. (2024) that reported similar decrease in loaf height of wheat flour breads substituted with bread fruit flours and soy- flour, respectively. The loaf weight of the bread samples was observed to decreased significantly (p<0.05) from 402.15 g to 384.67g with increase in substitution with Bambara nut flour. The increase in loaf weight of the control sample (100% wheat flour bread) was due to the increase in carbon-dioxide retention capacity of wheat flour compared to the composite flour blends during fermentation and proofing (Shittu et al., 2007). Oven spring is the ratio of the dough prior to baking to volume of resultant bread. It is an important baking quality that measures the dough strength against heat related changes. It is an indication of the proper strength of gas cell walls that entraps the gas and their elasticity by which they expand without collapsing due to increased yeast activity during initial phase of baking. It is also a common knowledge that one of the main reasons for oven spring (rising in the hot oven) is the formation of bubbles in the dough and the formation of steam expanding the bubbles. Hence, increased yeast activity during initial phase of baking and/ or the formation of bubbles in the dough and the formation of steam expanding the bubbles may have caused the oven spring. The oven spring of the bread samples decrease gradually from 53.50cm to 13.50 cm with the control sample (100% wheat bread flour) having the highest value. The decrease observed in the oven spring of the bread samples could be attributed to the inclusion of Bambara nut flour in the products which causes the reduction of the gluten content of wheat flour. This observation is in agreement with the report of Malomo et al. (2012) for wheat-breadfurit composite flour breads. The specific loaf volume of the bread samples decreased significantly (p<0.05) from 0.77 cm3g-1 to 0.46cm3g-1 with increase substitution with Bambara nut flour. The values obtained in this study were lower than the specific loaf volume (1.20-3.86) cm3g -1 of breads produced from blends of Orarudi (Vigna sp.) and wheat flour reported by Onaja et al. (2011). The substitution of wheat flour with Bambara nut flour in the production of bread loaves drastically reduced the physical properties of the products.
Proximate Compositions (%) of Wheat-Bambara nut Composite Bread
The proximate composition of the bread samples are as shown in Table 3. The moisture content of the bread samples varied significantly (p< 0.05) from 6.84 % to 8.12% with the control sample (100% wheat flour bread) and the sample substituted with 40% Bambara nut flour having the least and highest moisture contents, respectively. The moisture content of the samples increases steadily with increased substitution of Bambara nut flour. High moisture content in foods encourages rapid growth of microorganisms. The low moisture content observed in this study is advantageous owning to the facts that it could lead to the reduction in microbial proliferation and extension of the product shelf life (Elkhalifa and Bernhart, 2010. The increase in moisture content of bread with increase in bambara nut flour is in agreement with the works done by Bansal and Kapoor (2015), Gupta et al. (2011) who reported increase in moisture content of bread supplemented with different levels of soy flour blends. However, there was much difference between the values obtained for this study with that reported by Obasi et al. (2023) which was 1.20 % for 50% substituted soybean flour. The difference might be due to the method of drying or the pre-treatment method given to the flours.
Protein plays an important role in building and maintenance of body cells and tissue (Okaka et al., 2006).  The protein content of the samples varied significantly (p<0.05) from 7.93% to 11.46 % with increase substitution of Bambara nut flour. The wheat bread substituted with 50% Bambara nut flour had the highest value for protein (11.46 %) and this is in agreement with the report that legume seed flours are good source of protein [(Ekop, 2006). This increase in protein is due to the fact that Bambara nut flour as it is common with other legume flour is a rich source of protein and helps to retrieve back the nutritional protein lost during the process of manufacturing. The result obtained from this study is in agreement with the work of Onoja et al. (2011) that reported increase in protein content of wheat- based bread as a result of addition of soy-flour.

Fat is important in the diet because it supplies essential fatty acids and also facilitates the absorption of fat soluble vitamins in humans (Michaelson et al., 2000). The fat content of the bread samples ranged from 4.46 % to 5.67 %. The fat content of the bread samples increased steadily with increase substitution of Bambara nut flour in the products. The increase in fat content could be attributed to the addition of flour from oil seed (Bambara nut) in the blends. The result obtained from this study was lower when compared with Gupta et al. (2011) that reported 12.30% of fat in a similar work supplemented with soy flour. The crude fibre content of the sample increased significantly (p<0.05) from 3.41% 5.16 % with increase in the level of Bambara nut flour substitution. The control sample (100% wheat flour bread) had the least crude fibre content (3.41%). The observation is in agreement with the report of Alozie and Udofia (2009) that legume seeds such as soybean, Bambara nut and african yam bean are good source of crude fibre and have several health benefit, as it will aid in digestion of the bread and reduce constipation often associated with bread produced from refined wheat flour This result is in line with that reported by Elleuch et al. (2011).  

The ash content of the bread samples increase steadily with increase substitution of Bambara nut flour in the bread. The sample substituted with 40% Bambara nut flour had the highest ash value (2.38%), while the control sample recorded the least ash value (1.46%).The ash content (1.46-2.38) % reported in this study were in the same range with the ash content (1.25-1.36%) of wheat-soybean composite flour bread reported by Bansal and Kapoor (2015). The ash content of a food material is used as an index for estimating the amount of minerals present in the food product (Ishiwu and Onyeji, 2004).The carbohydrate content of the bread samples which varied from 75.89 % to 67.19 % decreased simultaneously with increase in the levels of Bambara nut flour substitution. The inclusion of Bambara nut flour generally resulted in total reduction of carbohydrate content of the bread and this is an indication that the bread flour (wheat flour) is the major source of carbohydrate in bread and was diluted by the inclusion of legume-based flour from bambara nut.


Consumer Acceptability of Wheat-Bambara nut Composite Bread Samples 
The sensory properties of the bread samples are presented in Table 4. There were significant (p<0.05) differences between the control and the composite flour breads in crust color, aroma, taste, crumb texture, and overall acceptability. The result showed that the control sample (100% wheat flour bread) was the most acceptable to the judges followed by wheat-Bambara nut composite flour bread substituted with 10, 20, 30 and 40 % Bambara nut flour. The baking properties of composite flour are often impaired as well as the organoleptic attributes of the products, because of the dilution of the gluten content Jideani and Onwubali, 2009).  The crust color decreased from 7.4 to 6.9 as level of Bambara nut flour substitution in the flour increased to 40%.  The observed change in color from light-brown in the control sample to darker-brown in the sample substituted with 40% Bambara nut flour could be attributed to Mailard browning reaction caused by the reaction between the amino acids of the proteins, added sugar and caramelization which are both influenced by the distribution of water (Onimawo and  Akubor, 2005). Mailard reaction is reported to be related to temperature, time and presence of moisture (Ballolli et al., 2014). Color serves as an important consumer appeal factor for the initial acceptability of the baked product. 
The aroma of the bread significantly (p < 0.05) reduced from 7.90 to 5.80. The reduction in the aroma of the bread sample could be attributed to the introduction of beany-off flavor inherent in legumes such as Bambara nut. The score for taste reduced with addition of Bambara nut flour though with no significant (p ≥ 0.05) difference for all the bread samples. The same trend was followed for the crumb texture which reduced from 7.70 to 5.90 with 40% bambara-flour addition. The overall acceptability reduced from 8.5 to 6.70 as proportion of bambara flour inclusion in the flour blend increased to 40%. The sensory evaluation showed that though the 100% wheat-flour-based bread had the highest rating, breads with wheat- bambara flour substitution up to 40% (Sample E) were generally rated good. 

4.0.     Conclusion 
Substitution of wheat flour with Bambara groundnut flour significantly influenced the physical, compositional and sensory characteristics of bread significantly and differently. Increasing the proportion of Bambara nut flour improved the protein, fat, fibre and ash contents while reducing carbohydrate content. However, higher substitution levels reduced loaf volume, loaf height, oven spring, specific loaf volume and sensory scores. The control bread was the most preferred, although breads containing Bambara groundnut flour remained acceptable to the sensory panel. Bambara groundnut flour therefore has potential as a nutrient-enhancing ingredient in composite bread, provided that its inclusion level is selected to minimize undesirable changes in loaf quality and consumer acceptability. 
5.0 Recommendations
The use of Bambara nut flour as a partial substitute for wheat flour in bread production is recommended to enhance the nutritional quality of bread while promoting the utilization of locally available legumes. The choice of substitution level should, however, reflect the quality attributes desired by consumers. A substitution level of 20% Bambara groundnut flour is recommended for commercial bread production because it produces bread with superior physical characteristics and the highest sensory acceptability, making it the most suitable option for the general consumer market. Where the primary objective is to improve the nutritional profile of bread, substitution levels of up to 40% may be adopted, as they provide greater nutrient enrichment while maintaining acceptable product quality. Therefore, bakers should carefully balance nutritional enhancement with consumer preference by selecting the substitution level that best meets the intended market demand. In practice, 20% substitution offers the best balance between product quality and consumer acceptance, whereas 40% substitution is appropriate for the production of nutritionally enriched bread targeted at health-conscious consumers.
Limitations
The study evaluated a limited range of flour-substitution levels under one processing condition. It did not assess dough rheology, amino-acid composition, antinutritional factors, mineral bioavailability, microbial stability, shelf life or production cost. The sensory assessment involved participants from a single academic department and may not represent the wider consumer population. The number of independent production batches and analytical replicates should also be clearly reported. Further studies using broader consumer groups and independently replicated baking trials are required.
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Table 1: Formulation ratio (%) of Wheat- Bambaranut Composite flour 
	Sample codes
	  Wheat 
	
	Bambarnut

	A
	   100
	
	        0

	B
	     90
	
	        10

	C
	     80
	
	        20

	D
	     70
	
	        30

	E
	     60
	
	        40

	
	
	
	


Keys:
Blend A = 100% Wheat flour (Control) 
Blend B =   90: 10 Wheat:  Banbara nut flour 
Blend C =   80: 20Wheat:  Bambara nut flour
Blend D =   70: 30Wheat:  Bambara nut flour
Blend E =    60: 40 Wheat: Bambara nut flour












Wheat-bambara nut composite flour and baking ingredients



			           Mixing / Kneading (20 min)

                      Molding/ Sheeting
                                                             
Pan greasing
                                                                  
      Panning 

    Proofing (45 min, 38oC)
       
         Baking (160oC, 35 min)
    
    De-panning
                                              
Cooling (ambient temperature)
                                                                   
                                          Packaging (HDPE packaging material)

Bread


Figure 1: Flow chart for Straight Dough Bread production (Source: Asadu et al. 2024)



Table 2: Mean Physical Properties of Wheat-Bambaranut Composite Bread

	Blend Ratios
(Wheat: Bambara)
	Sample Codes
	Loaf volume (cm3)
	Loaf height
     (cm)
	Loaf weight
        (g)
	Oven spring

	Specific loaf Volume (cm3g-1)

	100:0
	A
	312.02e 
	6.96e 
	402.15c 
	53.50d 
	0.77e 

	90:10
	B
	292.12 d   0.02
	6.14 d  
	392.50b 
	47.00 ed0.04
	0.74d 0.07

	80:20
	C
	246.09 c  
	5.86 c  
	386.50 a 
	38.50 c 
	0.64 c  

	70:30
	D
	214.14b
	5.00 b 
	382.00 a
	25.00 b 
	0.56 b 

	60:40
	E
	175.50a 
	4.67 a  
	384.67 a 
	13.50 a 
	0.46 a 

	LSD
	
	0.32
	0.02
	1.74
	3.72
	0.004


Means on the same column with different superscripts are significantly (p ≤ 0.05) different from each other
















Table 3: Mean Proximate Compositions (%) of Wheat-Bambaranut Composite Bread

	Blend  Ratios (Wheat: Barbara)
	Sample Codes
	Moisture
	Protein
	Ash
	Fat
	Fibre
	Carbohydrate

	
100:0
	
A
	         
6.84a ± 0.04
	 
7.93a±0.01
	      
1.46a ± 0.01
	     
4.46a ±0.01
	      
3.41a ±0.09
	            
75.89e ±0.09

	
90:10
	
B
	       
7.13b ±0.02          
	        
8.15b ±0.01
	         
2.24b ± 0.02
	    
4.78b ±0.01
	     
3.96b ±0.02
	
73.72d ±0.04

	
80:20
	
C
	    
7.46c ±0.02
	    
9.56c ±0.02
	       
2.32c±0.03
	       
4.95c ±0.01
	       
4.57c ±0.01
	         
71.12 c±0.04

	
70:30
	
D
	
8.76e ±0.02
	
10.75d ±0.01
	
2.36cd ±0.01
	
5.47d ±0.01
	
4.98d ±0.01
	
.67.67b ±0.02

	
60:40
	
E
	
8.12d ±0.02
	
11.46e ±0.02
	
2.38c ±0.01
	
5.67e ±0.02
	
5.16e ±0.02
	
67.19a ±0.04


	
LSD
	
	
0.02
	
0.01
	
0.02
	
0.01
	
0.01
	
0.05


Means on the same column with different superscripts are significantly (p ≤ 0.05) different from each other



















Table 4: Mean Sensory Attributes of Wheat-Bambara composite Bread
	
	Flour ratio 
(Wheat:Bambara) 
	Sample Codes
	Crust Color 
	Aroma
	Taste
	 Crumb Texture
	Overall Acceptability


	
100 : 0
	
A

	
7.40a ± 0.26

	
 7.90 b ± 0.99

	
8.00b ± 0.05

	
7.70 b ± 0.05
	
8.5c ± 0.52

	
90 : 10
	
B
	
7.30 a ± 0.95
	
7.10ab± 0.99
	
7.40 ab± 0.26
	
7.30ab± 0.82
	
7.7bc ± 0.82

	
80:20
	
C
	
6.60a ± 0.35
	
6.00 a ± 0.24
	
6.10a ± 0.85
	
6.20a ± 0.47
	
6.50ab ± 0.43

	
70:30
	
D
	
6.70a ± 0.34
	
6.40a ± 0.17
	
6.00 a ± 0.56
	
6.10a ± 0.28
	
6.10a ± 0.10

	
60:40
	
E
	
6.90 a ± 0.72
	
5.80 a ± 0.30
	       
6.20a  ± 2.04
	
5.90a ± 0.25
	
6.70ab ± 0.05

	
LSD
	
	
0.60                             
	
0.63  
	
0.71
	
0.65
	
0.58



Means on the same column with different superscripts are significantly (p ≤ 0.05) different from each other






