NUTRITIONAL COMPOSITION OF BREAD MADE FROM COMPOSITE FLOUR OF FERMENTED COWPEA SEED COAT

ABSTRACT
Background
Cowpea is an important pulse and starchy legume crop in sub-Saharan Africa, with further use happening in regions of Asia and the Americas. In this study, Cowpea seed coat flour (CSCF) was used to produce bread. 
Objectives
	To determine the inutritional composition of wheat bread made from composite flour of the fermented seed coat
Methods
The composite flour used was prepared by fermenting cowpea seed coat at 0, 48 and 72 hrs respectively. Flour produced from this samples were evaluated for proximate composition. Fermented and Unfermented cowpea seed coat flour was constituted at 5% and 10% of white flour weight, to achive 7 treatments. The bread produced from the composite and wheat flour were evaluated for functional properties attributes and was analyzed statistically. 
Results
Incorporating cowpea testa flour, both unfermented and fermented into bread formulations significantly increased both crude fibre and dietary fibre content compared to bread made solely with white flour (P<0.05). Among the samples, bread containing 5% of 48hr fermented cowpea seedcoat flour and 10% of 72hrs fermented cowpea seed coat flour showed the highest crude fibre values, significantly exceeding those of the unfermented counterparts. The sensory evaluation of bread fortification revealed that incorporation of cowpea testa flour at varying levels influenced key sensory attributes (P<0.05), while appearance remained largely unaffected (P = 0.154). 

Conclusion
The incorporation of cowpea seed coat flour into bread significantly enhanced its dietary fiber content, while fermenting the seed coat improved the acceptability of bread fortified with cowpea seed coat flour. 
Keywords: Cowpea Seed Coat Flour, Proximate Analysis, Fermentation, Dietary fibre, Sensory Attributes.











INTRODUCTION
Cowpea is grown not just in tropical lowlands, especially in dry locations, but also in warm temperate zones. Subsistence farmers in Africa produce the majority of cowpeas. The seeds are a variety of hues, including white, cream, red, black and speckled [1]. The seed coat can be thick and loose thick and strongly adhering, or thin, wrinkled and tightly adhering. Cowpea is an important pulse and starchy legume crop in sub-Saharan Africa, with further use happening in regions of Asia and the Americas [2]. 
In 2019, global cowpea production reached 8.9 million metric tons [1], a 2.7-fold increase from 2000. Nigeria (40.2%), Niger (26.8%), and Burkina Faso (7.3%) combined for 74.3% of global cowpea production. Cowpea is a highly nutritious food, rich in protein (24%), dietary fiber (11%), and potassium (1,112 mg per 100g), while being low in fat (less than 2%) and salt (16 mg/100g). Its protein includes significant quantities of essential amino acids, but is somewhat deficient in cysteine and methionine [3-4]. Cowpea seed are abundant in dietary fibre and considered a low glycemic index. 
It was reported that the crude fibre content of cowpea is about 18.2% [5]. Cowpeas are traditionally processed and extensively consumed in Nigeria, 52% of its production is used for food, 13% for animal feed, 10% for seeds, 9% for other applications, and 16% for waste [5]. The seeds are eaten at different stages throughout its development and could be eaten in various forms. Traditional food processing techniques such as soaking, fermenting, sprouting, or even pressure cooking can help break down or leach out oligosaccharides and anti-nutrients like phytic acid [6-7]. This not only minimizes the production of intestinal gas and discomfort but also enhances the bioavailability of essential nutrients like iron, zinc, and calcium. Therefore, to optimize the health benefits of cowpeas while minimizing digestive side effects, it is recommended to soak the beans overnight or ferment them prior to cooking. These simple but effective methods improve digestibility, reduce flatulence, and increase the overall nutritional value of cowpeas, making them more suitable for regular consumption as part of a balanced, gut-friendly diet [7-8].  The seed can be decorticated to prepare some indigenous dishes in Nigeria such as beancake (akara), steamed bean paste (moi moi) and bean soup (gbegiri) which have better taste, aroma and texture due to decortication process.
 	Decortication of the seed also reduces the cooking time. This seed coat is however a rich source of dietary fibre, and also a diverse group of phytochemicals such as polyphenols, flavonoids, anthocyanin and tannins which are beneficial to the human health by scavenging free radicals and preventing oxidative stress in the body. The seed coats of cowpea are often discarded as waste despite its rich phenolic content and high fibre potential. Some phytochemicals such as phytate and saponins are also present in the seed coats, which may interfere with nutrients absorption if not properly processed. Various processing techniques which include soaking, boiling, fermentation are known to reduce these components to sub-lethal levels depending on the degree of processing [9]. 






METHODOLOGY
Materials Procurement 
Cowpea seed, black-eyed pea (Ewa oloyin), (Vigna unguiculata L.) was procured at a local market in Ibadan, Oyo State.  All other ingredients were also procured locally. This experiment was carried out at the laboratory of Human Nutrition and Dietetics, Lead City University, Ibadan. 
Dehusking of the Cowpea Seed Sample
The Cowpea seeds was soaked in water at room temperature for 30-60 min, dehulled manually and the seed coat was air dried. Husk percentage was calculated as follows: 
      Husk percentage =	  Weight of the seed coat	×100%
                                             Weight of the Whole seed
Sample Preparation
Cowpea Seed Coat Processing:
Cowpea seeds were soaked in water at room temperature for 30-60 minutes, Manual dehulling was performed to separate seed coats, Seed coats were air-dried and subjected to fermentation at varying periods (0, 48, and 72 hours) using fermented corn water after which Fermented samples were air-dried and ground into powder and Processed flour was stored in Ziploc bags at room temperature.
Bread Formulation:
 Standard bread formulation included: 400g flour, 7g yeast, 3g salt, 30g powdered milk, 150g water, 30g butter, 45g sugar, and half an egg. Cowpea seed coat flour substitution was made at 5% and 10% levels according to the experimental design.
Analytical Methods
The nutritional composition of the cowpea seed coat flour was analyzed to determine its proximate composition, including moisture content, crude protein, crude fat, ash content, crude fibre, and total dietary fibre. 
The analytical methods described by AOAC (2005) were used for the analyses. The nutritional composition of the bread was also analyzed to determine its functional properties, which included bulk density, water and oil absorption capacity, foaming capacity, and stability. 
Sensory evaluation was conducted using 30 randomly selected panelists who assessed all seven bread samples with a validated 5-point hedonic scale questionnaire. Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 25.0. 
A one-way Analysis of Variance (ANOVA) was performed to determine significant differences between treatment groups, while Tukey’s Honestly Significant Difference (HSD) test was employed to identify specific treatment means that differed from one another where significant differences were observed (p < 0.05).






RESULTS
Proximate composition of unfermented and fermented cowpea testa flour
The results of the proximate composition analysis of flours produced from cowpea seed coats subjected to varying fermentation periods are presented in Table 1. Moisture content increased slightly with fermentation duration. The unfermented cowpea seed coat flour (UCSF) had a moisture content of, while the flour fermented for 72 hours (FCSF 72hr) recorded the highest value. This increase was statistically significant (P = 0.046).
Ash content, which indicates the mineral content, also increased following fermentation, UCSF has the lowest ash content, compared to higher values in FCSF at 48 and 72 hours, respectively. The increase was statistically significant (P = 0.007). Fermentation significantly reduced crude protein content. UCSF had the highest protein level, which dropped to after 48 hours and further to after 72 hours of fermentation. This decline was highly significant (P = 0.003), indicating that extended fermentation markedly affects protein levels. 
Crude fiber content showed no statistically significant variation with fermentation (P = 0.258). Although the FCSF 72hr sample recorded a higher crude fiber value compared to UCSF and FCSF 48hr , the difference was not significant due to the high standard error of the mean (SEM). Similarly, fat content did not change significantly with fermentation (P = 0.241). A slight decrease was observed in UCSF to 3.39% in FCSF 72hr, but this was not statistically meaningful. Acid Detergent Fiber (ADF) content increased significantly with fermentation time (P = 0.000).
Neutral Detergent Fiber (NDF) also showed a significant increase. UCSF had the lowest value, while FCSF 72hr reached the highest value (P = 0.019). Acid Detergent Lignin (ADL) content significantly increased after 72 hours of fermentation. UCSF and FCSF 48hr had similar values.


Table 1: Proximate composition of unfermented and fermented cowpea testa flour
	Parameter
	UCSF
	FCSF (48hr)
	FCSF (72hr)
	SEM
	P-VALUE
	
	

	Moisture
	12.73b
	12.81ab
	13.0a
	0.025
	0.046

	Ash
	3.97b
	4.16a
	4.21a
	0.010
	0.007

	Crude protein
	18.29a
	14.22b
	13.89b
	0.175
	0.003

	Crude fiber
	15.39
	14.49
	19.35
	1.007
	0.258

	Fat
	4.27
	4.08
	3.39
	0.173
	0.241

	ADF
	18.99c
	20.65b
	21.03a
	0.013
	0.000

	NDF
	34.81b
	35.65b
	37.51a
	0.178
	0.019

	NDL
	7.68b
	7.71b
	9.80a
	0.009
	0.000


KEYS:  a, b, c, Values in the same column with different alphabets are significantly different (p<0.005), UCSF: unfermented cowpea seed coat flour, FCSF: fermented cowpea seed coat flour, SEM: standard error of mean.















Functional properties of Bread produced from Cowpea Seed Coat and Wheat Flour
Incorporating cowpea testa flour, both unfermented and fermented into bread formulations significantly increases both crude fiber and dietary fiber content compared to bread made solely with white flour. Among the samples, bread containing 5% of 48-hour fermented cowpea testa flour (FCSF) and 10% of 72-hour FCSF showed the highest crude fiber values, significantly exceeding those of the unfermented counterparts. Similarly, all fermented flour samples resulted in significantly higher dietary fiber levels than unfermented samples. Water absorption capacity (WAC) was highest in the 5% UCSF bread, while the 10% UCSF sample showed a decrease. 
All breads containing fermented flour exhibited a general reduction in WAC compared to both white flour and 5% UCSF bread, with the lowest WAC recorded in the 5% 48h FCSF sample. Oil absorption capacity (OAC) was significantly reduced in all cowpea testa flour samples particularly in the 10% UCSF and all fermented variants compared to the control and 5% UCSF bread. While white flour and 5% UCSF breads recorded the highest OAC, all other samples clustered around 91% to 94% OAC. 
Loose bulk density increased unexpectedly in the 5% 72h FCSF bread, exceeding even white flour bread, potentially indicating a denser structure. However, all cowpea testa flour-enriched samples showed a decrease in packed bulk density, with the lowest observed in the 10% UCSF bread. Although fermented samples had slightly higher values than 10% UCSF, they remained lower than white flour.  Swelling properties were highest in white flour bread, followed by 5% UCSF bread. 
All formulations containing cowpea testa flour, especially the fermented ones, showed significantly lower swelling capacity, with the 5% 48h FCSF sample recording the lowest. Foaming capacity and stability were best in white flour and 5% UCSF breads. Other formulations, including 10% UCSF and all FCSF samples, showed significantly reduced values in both parameters. Emulsifying capacity was highest in the 10% UCSF and 5% 48h FCSF breads, slightly exceeding white flour bread. However, the differences across all samples were not statistically significant (P = 0.499), suggesting similar emulsifying stability overall. Least gelation concentration was higher in white flour and 5% UCSF breads compared to the other formulations, indicating that these samples required a higher concentration to achieve gel formation.













	
	WWB
	5%(UCSF)
	10%(UCSF)
	5% 48h(FCSF)
	
	10% 48h(FCSF)
	5% 72h(FCSF)
	10% 72h(FCSF) SEM  P-VALUE   

	Crude fibre (%)
	2.795e
	2.660f
	3.555d
	4.420a
	
	3.890c
	4.125b
	4.355a                 0.007      .000

	Dietary fibre (%)
	6.86e
	6.41f
	14.00d
	16.26a
	
	15.78c
	15.87bc
	16.05ab                0.018      .000

	WAC (%)
	127.6b
	129.4a
	125.6d
	123.4g
	
	123.6f
	124.1e
	126.3c                 0.006      .000

	OAC (%)
	113.6a
	115.3a
	92.4b
	91.3b
	
	94.7b
	92.3b
	92.7b                   0.427      .000

	LBD (g/ml)
	0.541b
	0.533c
	0.510g
	0.515f
	
	0.516e
	0.597a
	0.523d                 0.000      .000

	PBD(g/ml)
	0.718a
	0.694b
	0.663e
	0.678d
	
	0.679d
	0.681c
	0.682c                 0.000      .000

	SP (g/g)
	33.25a
	31.85b
	31.24c
	27.82g
	
	28.44f
	29.31e
	30.00d                 0.026      .000

	FS (%)
	13.40b
	14.45a
	8.75g
	8.90f
	
	9.05e
	11.30c
	9.55d                   0.052      .000

	FC (%)
EC (%)
ES (%)
LGC (%)
	21.65b
28.45d
11.80de
13.87b
	23.10a
27.70e
11.20f
15.57a
	17.65f
31.30a
13.25c
11.82e
	17.55g
30.65b
13.80a
11.92de
	
	17.75e
29.60c
7.45g
12.01de
	18.55c
29.35c
12.85c
12.68c
	18.00d                 0.033      .000
29.85c                 0.043      .000
12.55d                 0.808      .000
12.14d                 0.017      .000


Table 2: Functional properties of Bread produced from Composite Flour Cowpea Seed Coat and Wheat Flour.

a, b, c, Values in the same column with different alphabets are significantly different (p<0.005), WWB: whole wheat bread, UCSF: unfermented cowpea seed coat flour, FCSF: fermented cowpea seed coat flour, LBD= loose bulk density; PBD= packed bulk density; OAC= oil absorption capacity; WAC= water absorption capacity; FC= foaming capacity; FS= foam stability; SC= swelling property; EC= emulsion capacity; LGC= least gelation capacity; SEM: standard error or mean.

Sensory Evaluation of Bread Fortified with Unfermented and Fermented (48h and 72 hrs) cowpea testa flour
The sensory evaluation of bread fortified with unfermented and fermented cowpea testa flour revealed that incorporation of cowpea seed coat flour at varying levels influenced key sensory attributes, particularly aftertaste, aroma, mouthfeel, taste and texture, while appearance remained largely unaffected (P = 0.154) as shown in table 3. Aftertaste was significantly influenced by the type and level of flour used (P = 0.000). Bread fortified with 5% unfermented UCTF (UCTF), 5% fermented CTF (FCTF48h and FCTF72h), and 5% wheat flour (WWF) showed similar aftertaste scores, indicating good acceptability. However, 10% FCTF48h resulted in a significantly lower aftertaste score, suggesting diminished sensory quality at higher fermentation levels.
Aroma was also significantly affected (P = 0.011). WWF and 5% FCTF72h breads received the highest aroma scores, while 10% FCTF48h had the lowest score, indicating that high inclusion of fermented flour may negatively impact aroma. Mouthfeel differed significantly among the samples (P = 0.000). The control bread (WWF) and 5% FCTF48h had the best mouthfeel, while breads containing 10% FCTF48h and 5% UCTF were rated significantly lower, indicating that higher flour inclusion may compromise bread texture perception.
 	Taste was significantly influenced by the treatments (P = 0.005). WWF and 10% UCTF received the highest taste ratings, suggesting that unfermented flour at higher levels may still maintain palatability. In contrast, 10% FCTF48h bread had the lowest taste rating, again pointing to reduced acceptability at higher fermentation levels.
Texture was also significantly affected (P = 0.000). Whole wheat flour, 5% UCTF, and all fermented samples showed acceptable texture scores, while 10% UCTF had the lowest score, suggesting that unfermented flour at high inclusion levels may negatively impact crumb structure or softness. In conclusion, moderate inclusion levels (5%) of both unfermented and fermented cowpea testa flour are generally well accepted in bread, maintaining sensory properties close to that of white flour. However, higher inclusion levels, particularly of 48-hour fermented flour, tend to reduce sensory appeal, especially in terms of aftertaste, aroma, mouthfeel and taste.
Table 3: Sensory evaluation of bread fortified with unfermented and fermented (48hrs and 72 hrs) Cowpea Testa Flour
	
	Aftertaste
	Appearance
	Aroma
	Mouthfeel
	Taste
	Texture
	

	WWF
	3.90a
	4.20a
	4.00a
	4.27a
	4.07a
	4.20a
	

	5% UCTF
	4.13a
	3.87a
	3.60ab
	3.53b
	3.83ab
	4.00a
	

	10% UCTF
	3.67ab
	3.67ab
	3.47ab
	3.73ab
	4.07a
	3.33b
	

	5% 48h FCTF
	3.77a
	3.63ab
	3.83ab
	4.17a
	3.63ab
	3.90a
	

	10% 48h FCTF
	3.03b
	3.97a
	3.17b
	3.47b
	3.20b
	3.93a
	

	5% 72h FCTF
	3.93a
	3.73a
	3.93a
	3.90ab
	3.70ab
	3.87a
	

	10% 72h FCTF
	3.70ab
	3.57b
	3.53ab
	3.509b
	3.63ab
	3.80ab
	

	SEM
	.062
	.067
	.066
	.057
	.063
	.046
	

	P-VALUE
	.000
	.154
	.011
	.000
	.005
	.000
	


a, b,c means in the same column are significantly different, UCTF – Unfermented cowpea testa flour, FCTF –  Fermented cowpea testa flour, WWF- Whole wheat flour, SEM: standard error or mean.
Loaf measurements of bread fortified with unfermented and fermented cowpea testa flour
Initial loaf weight (ILW) and final loaf weight (FLW) did not differ significantly (p = 0.833, 0.290), this means addition of UCTF or FCTF did not significantly change loaf weight compared to white flour bread. However, small variations exist: breads with 10% UCTF and 5% 72h FCTF showed slightly higher FLW than ILW, suggesting improved water retention during baking. Loaf height significant differences (p = 0.045), White flour bread had the lowest height also Fortification improved loaf height, especially with 5% 72h FCTF and 10% 72h FCTF. Fermentation (particularly 72h) improved dough expansion, likely by weakening fiber’s coarse texture, enhancing gluten interaction and gas retention.
Loaf width strongly significant differences (p = 0.003), 5% 48h FCTF had the highest width while 5% UCTF had the lowest width. Suggests fermentation promoted dough extensibility and spread, while unfermented flour restricted expansion due to high fiber rigidity. Loaf volume has no significant difference (p = 0.497). All breads had volumes around 1.14–1.20 L, this indicates that cowpea testa fortification (fermented or not) did not drastically alter loaf volume, although fermentation at 72h tended to give slightly larger volume. Weight Loss (WL, g and %) has significant differences (p = 0.005). White flour bread had the highest weight loss while UCTF and FCTF breads lost less weight, with some even showing negative values. A negative WL means the bread retained more moisture after baking, probably due to the fiber’s high water-binding capacity, this implies that fortification improved water retention and reduced baking losses.

Table 4: Loaf measurements of bread fortified with unfermented and fermented cowpea testa flour
	
	ILW, g
	FLW, g
	LH, cm
	LW, cm
	LV, l
	WL, g
	WL, %

	white flour bread
	350.5
	328.0
	7.15c
	10.95ab
	1.14
	22.50a
	6.43a

	5% UCTF
	348.0
	338.5
	7.30bc
	10.00d
	1.15
	9.50b
	2.74b

	10% UCTF
	350.5
	354.5
	7.15c
	10.45c
	1.20
	-4.00c
	-1.16c

	5% 48h FCTF
	345.0
	344.5
	7.40bc
	11.15a
	1.16
	0.50bc
	0.15bc

	10% 48h FCTF
	358.5
	353.5
	7.40bc
	10.95bc
	1.17
	5.00bc
	1.40bc

	5% 72h FCTF
	347.5
	353.5
	7.95a
	10.70ab
	1.19
	-6.00c
	-1.71c

	10% 72h FCTF
	348.0
	344.5
	7.80ab
	10.90ab
	1.17
	3.50bc
	1.01bc

	SEM
	2.46
	2.95
	0.06
	0.05
	0.01
	1.20
	0.35

	p-value
	0.833
	0.290
	0.045
	0.003
	0.497
	0.005
	0.005


KEYS: ILW – initial loaf weight, FLW – final loaf weight, LH – loaf height, LW – loaf width, LV – loaf volume, WL (g) – weight loss in grams, RWL (%) – relative weight loss, UCTF – unfermented cowpea testa flour, FCTF – fermented  cowpea testa flour.




DISCUSSION
The present study examined the nutritional and functional properties of bread made from composite flour incorporating fermented cowpea seed coat flour (FCSF) at different fermentation durations (48 and 72 hours), comparing it with unfermented cowpea seed coat flour (UCSF) and standard white bread. The moisture content of the cowpea seed coat flour increased slightly with fermentation, showing a significant difference (p=0.046). This trend aligns with the findings of that reported similar increases in moisture in fermented legume flours [11-12]. The increase is attributed to microbial enzymatic activities during fermentation, which increase hydrophilicity and water-binding capacity of fiber and protein molecules. A steady increase in ash content was observed from unfermented to 72-hour fermented flour , this agrees with a study that observed improved mineral availability in fermented legumes due to the breakdown of phytates and other anti-nutrients [13-14]. Lactic acid fermentation enhances the solubilization of bound minerals by producing organic acids that chelate with minerals and release them in a more bioavailable form. Crude protein decreased significantly with fermentation. Similar findings have been reported and  it was noted that microbial metabolism during fermentation utilizes nitrogenous compounds, leading to a reduction in total protein content, proteins are partially hydrolyzed to amino acids and peptides, some of which are used by fermenting microbes for energy and growth, thereby reducing measurable crude protein content [12-15]. While crude fiber decreased slightly at 48h fermentation, it significantly increased at 72h. This late increase may be due to enhanced breakdown of cell wall materials and increased release of fiber fractions as the fermentation progresses. This pattern is consistent with the findings which reported that prolonged fermentation increases soluble fiber fractions and overall fiber availability [16].
Acid detergent fiber (ADF), neutral detergent fiber (NDF), and acid detergent lignin (ADL) all increased with fermentation duration, suggesting improved liberation of structural carbohydrates and lignified materials during microbial degradation. These results align with study which observe that fermentation increases the availability of insoluble dietary fiber due to partial breakdown of cellular matrix and increased exposure of fibrous material [17]. The incorporation of fermented cowpea seed coat flour into bread significantly enhanced both crude and dietary fiber levels. Bread with 5% FCSF (72hr) recorded the highest crude fiber and dietary fiber compared to white bread. These findings are supported by researchers who reported that seed coat-enriched breads possess higher fiber contents, thus improving their nutritional value for dietary management of diseases such as constipation and type 2 diabetes [11,18]. The increased fiber content, particularly dietary fiber, is attributable to the retention of seed coat materials rich in non-starch polysaccharides, including cellulose, hemicellulose, and lignin. Furthermore, fermentation enhances the solubility of dietary fiber, possibly explaining the elevated values seen in FCSF-substituted breads. 
Water absorption capacity slightly decreased in breads made with fermented seed coat flour, with the lowest value observed in 10% FCSF (48hr) bread, compared to 129.4% in 5% UCSF bread. Oil absorption also dropped significantly in fermented samples. According to a study that reported that these changes result from structural modifications of proteins and fibers due to fermentation, which can reduce the number of hydrophilic and lipophilic binding sites [19]. 
Both loose and packed bulk density increased with the inclusion of FCSF, particularly at 72 hours. This suggests a denser, more compact flour matrix due to partial degradation of fiber and proteins, allowing for tighter packing. Similar trends have been reported by researchers that in composite flours containing legume residues [20]. Swelling property decreased with increasing fermentation time. White bread had the highest value, while the lowest was observed in 10% FCSF (48hr) bread . This may be due to enzymatic breakdown of starch and fibrous matrices during fermentation, limiting their ability to swell. Studies by Sharma et al., on fermented chickpea flours support this observation [21]. Foaming capacity and stability reduced significantly in fermented samples. The highest foaming capacity was recorded in 5% UCSF bread, while 5% FCSF (48hr) had the lowest. The reduced foaming ability is likely due to the denaturation or hydrolysis of surface-active proteins, which are essential for stabilizing foam and emulsions. This is consistent with the findings that demonstrated that fermentation impairs protein structure, thus reducing their surface activity [22]. Fermented samples showed lower least gelation values, indicating improved gel-forming ability. This may be a result of protein unfolding and increased availability of reactive sites for network formation. Some researchers highlighted that fermentation improves functional protein behavior by exposing hydrophobic and reactive amino acid groups [14]. 
This study demonstrates that incorporation of fermented cowpea testa flour (FCSF) into wheat bread significantly improves its nutritional, functional, physical, and sensory properties. Fermentation enhanced moisture, ash, and fiber fractions, improving dietary fiber content, but reduced crude protein due to microbial utilization. However, prolonged fermentation reduces crude protein and functional properties such as foaming and oil absorption, reflecting microbial utilization of nitrogenous compounds and structural modification of proteins and fibers. 
Sensory evaluation confirmed that low substitution levels (≤5%) maintained consumer acceptability, whereas higher inclusion (10%) reduced taste, aftertaste, and textural quality due to fiber, phenolic compounds, and fermentation-derived metabolites. Overall, cowpea testa flour especially when moderately fermented has strong potential as a sustainable, fiber-rich functional ingredient in bread production, with optimal application at low substitution levels to balance nutritional enhancement with sensory acceptability. Physically, fermentation improved loaf height and moisture retention while reducing baking weight loss, highlighting the techno-functional potential of testa fiber in composite breads.

CONCLUSION
This study demonstrates that incorporation of fermented cowpea testa flour (FCSF) into wheat bread significantly improves its nutritional, functional, physical, and sensory properties. Fermentation enhanced moisture, ash, and fibre fractions, improving dietary fibre content, but reduced crude protein due to microbial utilization. However, prolonged fermentation reduces crude protein and functional properties such as foaming and oil absorption, reflecting microbial utilization of nitrogenous compounds and structural modification of proteins and fibres. Sensory evaluation confirmed that low substitution levels (≤5%) maintained consumer acceptability, whereas higher inclusion (10%) reduced taste, aftertaste, and textural quality due to fibre, phenolic compounds, and fermentation-derived metabolites. Overall, cowpea testa flour especially when moderately fermented has strong potential as a sustainable, fiber-rich functional ingredient in bread production, with optimal application at low substitution levels to balance nutritional enhancement with sensory acceptability. Physically, fermentation improved loaf height and moisture retention while reducing baking weight loss, highlighting the techno- functional potential of testa fiber in composite breads.
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