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NUTRITIONAL COMPOSITION, QUALITY INDICES AND SENSORY EVALUATION BREAD MADE FROM WHEAT-COCOYAM FLOUR BLENDS

ABSTRACT
This study aims to evaluate the nutritional and sensory properties of bread produced from blends of wheat and cocoyam (Xanthosoma sagittifolium) flours, highlighting the potential of cocoyam as a functional ingredient in bread-making
A systematic investigation was conducted to assess the impact of varying levels of cocoyam flour substitution (0%, 10%, 20%, and 30%) on the quality characteristics of bread. 
The research was conducted at the Center for Food Technology and Research (CEFTER), Moses Orshio Adasu University, Makurdi, Benue State, Nigeria, from January to August 2025.   
Whole wheat flour and composite flours were prepared with cocoyam flour substitutions. Proximate analysis, mineral and vitamin content assessments, anti-nutritional factor evaluations, and sensory analyses were performed using standard methods. Statistical significance was determined using one-way ANOVA. The results demonstrated that as the level of cocoyam flour increased, the moisture content decreased (from 20.05% for 100% wheat flour to 15.04% for 30% cocoyam). The protein content decreased from 12.58% to 7.61%, while the fiber content increased from 0.54% to 2.07%, and the carbohydrate content increased from 64.58% to 72.18%. The Calcium (33.66-38.12mg/100g), Potassium (163.77-174.21mg/100g), Sodium (121.70-127.21mg/100g). The Vitamins composition of the flour samples ranges from: (Vitamin A; 0.51-3.91mg/100g), (Vitamin C; 13.28-33.82mg/1oog), (Vitamin E; 1.73-2.92mg/100g), (Vitamin B2; 11.28-24.62mg/100g), (Vitamin B6; 1.02-6.77mg/100g). The baking quality indices show: (Weight: 255.80-267.88g), (Volume: 532.09-683.42m3), and (Specific Volume: 1.99-2.66 m3/g).   Sensory evaluation indicated that all bread samples were well-accepted, with the 10% cocoyam substitution rated highest in appearance, color, aroma, and overall acceptability, respectively (7.07, 7.73, 7.477.67).
The findings suggest that incorporating cocoyam flour into wheat bread significantly enhances its nutritional profile and sensory attributes, making it a promising gluten-free bread alternative.
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1.0. Introduction
1.1.Background of the Study
Bread is one of the most widely consumed staple foods globally, celebrated for its versatility and nutritional value. Wheat flour has traditionally been the main ingredient in bread production because of its gluten content, which provides the essential elasticity needed for dough formation (Day, L. 2011) However, the rising prevalence of gluten-related disorders, such as celiac disease and non-celiac gluten sensitivity, has necessitated the exploration of alternative flour sources that can provide similar functional properties of wheat without the associated health risks (Lebwohl et al., 2015). In many developing countries, including Nigeria, the high cost of imported wheat flour poses significant challenges to food security and local economies (Haruna et al., 2017), making it imperative to identify locally available alternatives.
Cocoyam (Xanthosoma sagittifolium), a nutrient-dense tuber crop from the Araceae family, is an underutilized agricultural resource in many tropical regions. It is rich in carbohydrates, dietary fiber, vitamins, and minerals, offering potential health benefits (Adeboyejo, 2017). Despite its nutritional advantages, cocoyam remains largely unexploited in food processing, particularly in bread-making. The incorporation of cocoyam flour into wheat flour blends presents an opportunity to create gluten-free bread alternatives that are not only nutritious but also economically viable.
1.2. Problem Statement
The reliance on wheat flour in bread production, particularly in regions with limited wheat production, poses significant challenges related to food security and economic sustainability. The increasing incidence of gluten-related disorders further emphasizes the need for viable substitutes that can provide similar functional and nutritional properties without compromising quality. Despite the dietary benefits of cocoyam, its application in bread-making has not been thoroughly researched, which limits its potential impact on dietary diversity and health.
1.3. Importance of the study:
This study evaluated the nutritional and sensory characteristics of bread produced from wheat-cocoyam flour blends. By assessing the nutritional composition, quality indices, and sensory attributes of the resulting bread, this research aims to demonstrate the feasibility of using cocoyam as a substitute for wheat flour. These findings will contribute to the body of knowledge surrounding alternative flour sources and their applications in food technology, promoting the use of locally sourced ingredients.
1.4. Literature Survey
Edible cocoyam is a highly nutritious tuber crop from the Araceae family. Two major species of this family are Taro (Colocasia esculenta L) and Tania (Xanthosoma Sagittifolium L) (Ukwu et al., 2022). These species are commonly grown in the tropical region of Africa and are generally referred to as cocoyam. Cocoyams are valued for their corms, cormels, and leaves. They can be processed into flour and used to make meal or porridge, or consumed as bake food. Cocoyam is a rich source of calories for millions of people in tropical and subtropical regions due to its high carbohydrate content (Adi ele, 2023). In addition to carbohydrates, cocoyam also contains protein, vitamins, carotenoids, and minerals.  Research has shown that incorporating flours from legumes, tubers, and other cereals can enhance the dietary fiber, mineral, and vitamin content of bread while maintaining acceptable taste and texture (Olaoye & Ade-Omowaye, 2011; Mongi et al., 2011). Specifically, cocoyam has been recognized for its high carbohydrate and fiber content, as well as its potential health benefits (Adeboyejo, 2017). However, there is a notable gap in the literature regarding the systematic evaluation of cocoyam flour in composite bread formulations, particularly concerning its functional and sensory properties.
1.5. Scope and Justification of the Work
The scope of this study is limited to the nutritional and sensory evaluation of bread made from wheat-cocoyam flour blends, focusing on varying levels of cocoyam substitution (0%, 10%, 20%, and 30%). 
2.0. MATERIALS AND METHODS
2.1 Source of Raw Material
 Cocoyam (X. Sagittifolium) samples were purchased from farmers along the Ikyurav-Ya region, Kwande Local Government, Benue state, Nigeria and transported to CEFTER Food processing ab, and processed into Cocoyam flour in fig. 1. A 100% hard winter wheat flour, yeast (instant dry yeast), fat, baking powder, sugar and salt were purchased from local shops in Makurdi, Benue State. Reagents and chemicals for proximate analysis was obtained from Hi-Tech. chemical suppliers, Makurdi, Benue State for formulation of Wheat-Cocoyam blends for bread production, Table 1.
2.2. Materials Preparation 
2.2.1	Preparation of Cocoyam Flour.
The fresh cocoyam corms was sorted and graded to remove rotten ones, injured ones and to get the needed variety, the corms was thoroughly washed with tap water, peeled using a stainless steel knife, rewashed and cut into 0.5 cm thick slices. The slices was pre-heated at 80ᵒC for 3 minutes to inactivate enzymes and later cooled immediately. The cooled samples was arranged on an aluminum foil for further drying in an oven at 65°C for 24 hours before milling into flour using a grinder fitted with a 500-µm mesh sieve. Flour obtained was packed in polyethylene bags and stored in a cool-dry environment ready for further analysis and preparation of composite flours as shown in Figure 1. 
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                                                                    Sorting and grading
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	     Blanching (at 700 °C to 800 °C, for 3min.)	
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                                                                Cocoyam Flour sample
		Fig. 1. Flow chart for the production of Cocoyam flour.
                                  Source: Ohuoba et al, (2019). Modified.
2.3 Formulation of Blends
 Cocoyam and wheat flour were mixed together in varying ratios as shown in Table 1. Sample A consisted of 100% wheat flour, sample B contains 90% Wheat flour and 10% cocoyam flour, Sample C comprised of 80% wheat flour and 20% cocoyam flour and sample D contains 70% Wheat flour and 30% cocoyam flour
2.4. Bread Production: 
The whole wheat bread (A) and composite bread (B, C & D) were made by mixing the flour with weighed ingredients; 2g salt, 4 g butter, 2g yeast and 6g sugar in 65 ml water followed by stirring using Kenwood mixer (Model A 907 D) for 5 min to obtain a dough. The dough was allowed to ferment in a bowl covered with wet clean muslin cloth for 55 min at room temperature (25°C). Later, the dough was punched and scaled to 250 g dough pieces. The dough pieces were then proofed in a proofing cabinet for 60 min at 30°C in 85% relative humidity and baked at 230°C for 45 min. The bread was cooled to room temperature and then assessed for their bread characteristics (loaf weight, volume, as well as sensory attributes like crust and crumb colour, taste, aroma, texture and general acceptability.
	
Ingredient (g)
	
 A
	Sample Code:
 B
	
C 
	
 D

	Wheat Flour
	100.00
	90.00
	80.00
	70.00

	Cocoyam Flour
	0.00
	10.00
	20.00
	30.00

	Sugar
	6.00
	6.00
	6.00
	6.00

	Butter
	4.00
	4.00
	4.00
	4.00

	Yeast
	2.00
	2.00
	2.00
	2.00

	Salt
	2.00
	2.00
	2.00
	2.00

	Water
	65.00
	65.00
	65.00 
	65.00


Table1.  Formulation of recipe for the production of Wheat-Cocoyam flour bread.

KEY
A = 100% Wheat flour
B = 90% Wheat flour and 10% cocoyam flour
C = 80% Wheat flour and 20% cocoyam flour
D = 70% Wheat flour and 30% cocoyam flour

   Flour samples (wheat and cocoyam)
Dough formation/Mixing of ingredients
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      Molding/shaping
    Proofing (1 hour at 30o C)
Baking (230oC	 for 45min.
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Bread sample
Fig 2: Flow chart for the production of wheat-cocoyam composite bread
Source:  Igbabul et al (2014) Modified.








2.5. Proximate analysis: 

The moisture content, crude fat, crude fibre and ash contents were determined using AOAC (2012). The Protein in the flour samples was determined using the Kjeldahl method as described by AOAC (2012). Two grams of sample was put into a kjekdal flask and 0.8g of copper sulphate (CuSO3) mixture (anhydrous) and a few glass beads (anti- burn), 10mL of concentrated sulphuric acid (H2SO4) was added and gently swirled until no particle of the sample adhered to the side of the flask. It was heated strongly until the solution was blue-green. This was heated for another one more hour.  At the end of digestion, the digested sample was allowed to cool to 400C and 10mL of distilled water was added. This was allowed to cool and quickly transferred into a 20mL volumetric flask and made up to the mark. Blank determination was carried out. The Markham apparatus was used for steam distillation, 5mL of digested sample with pipette into the unit, 7mL of 50% NaOH was added and the unit closed and heated, the liberated ammonia steam was distilled into 5mL boric indicator mixture distillate (20mL) was collected as tip of delivery tube was rinsed with distillate. This was then titrated with 0.1N hydrochloric acid until colour changes to purple. 
The percentage of carbohydrate in each sample was determined by the method described by (Siyame et al., 2021) where the percentage of carbohydrate was obtained by difference from the summation of crude protein, fat, fibre, ash, and moisture contents.
2.6. Mineral composition:
Mineral elements (Iron, Potassium, calcium, sodium, and zinc) of the flour samples were determined using an Atomic Absorption Spectrophotometer as described by AOAC (2015). Two grams of each sample was weighed into 100ml round bottom flask. Five milliliters (5ml) of per-chloric acid was added and heated over an electric heater in a fume chamber until a colorless solution appeared. Each of the solutions was made up to the 10ml mark with distilled water, and the diluted samples were set aside for further investigation.
2.7. Determination of Vitamins content:
Vitamin A (Beta-Carotene) was determined by the method described by AOAC (2015). one gram (1g) of each of the flour samples was extracted by mixing with 20mlL of petroleum ether. The extract was evaporated to dryness, and the residues dissolved in 0.2 mL of chloroform-acetic anhydride mixture. 2 mL of trichloroacetic acid (TCA) were also added to the extract and mixed thoroughly, and the absorbance was read at 620nm within 15 s. ), Vitamin B2 (Riboflavin), Vitamin B6 (Pyridoxine, Vitamin C ( ascorbic acid) and Vitamin E (Tocopherol) were determined by the method described by AOAC (2015). Five (5) grams of the flour samples were weighed into a 100mL volumetric flask, 2 mL of 20% metaphoric acid was added as a stabilizing agent, and the solution was pipetted into a small flask, and two and a half mL of acetone was added. The solution was titrated with indophenols solution until a faint color was achieved for 15 s. The vitamin C was calculated as mg/100ml (AOAC, 2015). 
2.8. Quality indices Determination:
The quality indices of the bread were evaluated by measuring the loaf weight, loaf volume, and specific loaf volume. Loaf weight was measured 35 minutes after the loaves are removed from the oven using a digital weighing balance whereas loaf volume was measured using the rapeseed displacement method as modified by Giami et al,.(2004). A box of fixed dimensions (23.00 x 14.30 x 17.21 cm) of internal volume 5660.37 cm3 was put in a tray, it was filled to the middle with pearled barley, vigorously shaken 4 times, then filled till the overspill fell into the tray. The box was shaken again twice, and then a straight edge was used to press across the top of the box once to give a level surface. After decanting the seeds from the box into a receptacle, it was weighed again. The procedure was repeated three times and the mean value for seed weight was noted (C g). A weighed loaf was placed in the box and weighed seeds (3000 g) were used to fill the box and levelled off as before. The overspill was weighed, and from the weight obtained, the weight of seeds around the loaf and the volume of seed displaced by the loaf were calculated using the equations by the AACC (2000)
Seeds displaced by loaf (L) = C g + overspill weight – 3000 g. The volume of a loaf (V) = L × 5660.37 cm3 C. The specific loaf volume was determined by dividing the loaf volume by its corresponding loaf weight (cm3 /g) as described by Araki et al,. (2009).


2.9. Sensory evaluation:
The Sensory attributes of bread were evaluated for consumer acceptance using a standard 9-point hedonic scale method (where 1 = dislike very much and 9 = like very much). A total of 20 semi-trained panelists aged 18 and above year old were involved in the evaluation for crust and crumb colour, aroma, taste, texture and overall acceptability. The bread samples were sliced into pieces of uniform thickness (2 cm), coded with 3-digit random numbers using statistically random tables, and served to the panelists in a random order according to Moazzem (2023). Data obtained was subjected to a one-way analysis of variance (ANOVA) using SPSS Differences between means were considered significant at p < 0.05 using the Duncan multiple range test (Bertolazi et al,.2011).
3. RESULTS AND DISCUSSION:

3.1. Proximate Composition:
The proximate composition of wheat and cocoyam flour blends is shown in Table 2. The moisture content of the flours ranges from 15.04 to 20.05%. Sample A (100% wheat flour) had the highest moisture content (20.05%) while Sample D (70% Wheat flour and 30% cocoyam flour) had the lowest (15.04%). The moisture content of the flours decreased significantly (p < 0.05) as the composition of cocoyam in the blends increased. A similar trend had been reported by Arukwe et al. (2023) from wheat-cocoyam composite bread enriched with palm weevil.  However, Agbara and Galadima (2020) reported an increase in the moisture content of wheat-cassava composite bread. Many factors determine the moisture content of bread, including baking temperature and time, fermentation time, and water absorption capacity of the ingredients. Moisture level influences bread staling and storage potential (Agbara and Galadima, 2020). Sample D had a moisture content close to 10% which is the moisture level recommended for safekeeping of flour by Arukwe et al. (2023), which suggests that it will have a longer shelf life compared with others. The ash content of the flour samples ranges from 1.18 to 1.94%. Sample D (70% wheat flour and 30% cocoyam flour) had the highest (1.94%), while sample A (100% wheat flour) had the lowest (1.18%). A similar observation had been reported by Arukwe et al. (2023) from wheat-cocoyam bread enriched with palm weevil increase in ash content from 1.30 to 2.90% had been reported by the authors. This could be a result of the higher mineral content of cocoyam flour. Therefore, consumption of bread produced from flour blends of wheat-cocoyam might furnish the body with adequate minerals. The protein content of the wheat-cocoyam composite flours produced from this study ranges from 7.61 to 12.58%. The protein content of the flours decreased significantly as the composition of cocoyam flour in the blends increased. Sample A (100% wheat flour) had the highest (12.58%), while Sample D(70% wheat flour and 30% cocoyam flour) had the lowest (7.61%). A similar trend had been reported by Oyinloye et al. (2022) from wheat-potato composite flour. Decrease in protein from 12.17 to 6.83% had been reported by the authors. This could be as a result of the low protein content of cocoyam as reported by Okon I et al. (2007). The fibre content of the flour ranges from 0.54 to 2.07%. The fibre content of the flour increased as the composition of cocoyam flour in the blends increased. Sample D (70% Wheat flour and 30% cocoyam flour) recorded the highest fibre content (2.07%) while sample A (100% wheat flour) had the lowest (0.54%). Akubor and Gambo (2020) also reported an increase in the fibre content of composite bread from 1.51 to 2.64%. The therapeutic effects of soluble fibres in the prevention of heart diseases, colon cancer, and diabetes and their role in the treatment of digestive disorders (diverticulosis) and constipation are widely documented (Akubor and Gambo, 2020). The fat content of the wheat-cocoyam composite flour produced from this study ranges from 0.96 to 2.05%. Sample A (100% wheat flour) had the highest (2.05%), while Sample D(70% wheat flour and 30% cocoyam flour) had the lowest (0.96%). A similar trend had been reported by Agbara and Galadima (2020) for wheat-cassava bread, showing that fruit juice inclusion during dough formation affected the bread. The authors reported decreased fat content of the bread from 1.89 to 1.05%. Fat in food is essential because it provides the body with calories and gives food a soft texture, color, and flavor. The high oil content of the bread will affect the shelf stability. The carbohydrate content of the flour increased significantly as the composition of the cocoyam flour in the blends increased. Values ranging from 64.58 to 72.18% were observed. Sample D (70% Wheat flour and 30% cocoyam flour) recorded the highest (72.18%), while sample A (100% wheat flour) recorded the lowest (64.58%). Oyinloye et al. (2022) also reported an increase in carbohydrate content of bread from wheat-potato composite flour. The energy content of the bread from this study ranges from 316.82 to 323.03%. Sample B (80% Wheat flour and 20% cocoyam flour) had the highest (325.95%), while sample A (100% Wheat flour) had the lowest (316.82%).
	Sample
	Moisture
	Ash
	Protein
	Fibre
	Fat
	Carbohydrate
	Energy

	A
	20.05a±0.09
	1.18d±0.01
	12.58a±0.01
	0.54d±0.00
	2.05a±0.02
	64.58d±0.03
	316.82c±0.02

	B
	17.19b±0.00
	1.25c±0.01
	10.11b±0.01
	0.93c±0.01
	1.92b±0.02
	69.04c±0.10
	324.29b±0.46

	C
	16.11c±0.12
	1.42b±0.03
	8.38c±0.06
	1.25b±0.05
	1.21+c±0.07
	71.90b±0.10
	325.95a±0.34

	D
	15.04d±0.16
	1.94a±0.06
	7.61d±0.07
	2.07a±0.06
	0.96d±0.02
	72.18a±0.25
	323.03b±1.33


Table 2: Proximate Composition (%) of Wheat and Cocoyam Flour Blends

KEY
A = 100% Wheat flour
B = 90% Wheat flour and 10% cocoyam flour
C = 80% Wheat flour and 20% cocoyam flour
D = 70% Wheat flour and 30% cocoyam flour
Values represent mean± standard deviation of triplicate determinations, means in the same row with different superscripts are significantly different (p<0.05)




3.2. Mineral Composition of Wheat and Cocoyam Flour Blends. 
The mineral composition of wheat and cocoyam flour blends is shown in Table 3. The calcium content of the bread ranges from 33.66 to 38.12 mg/100g. The calcium content of the flour increased significantly as the composition of cocoyam flour in the blends increased. Sample D (70% wheat flour and 30% cocoyam flour) had the highest (38.12 mg/100g), while sample A (100% wheat flour) had the lowest (33.66 mg/100g). A similar trend had been reported by Toibudeen et al. (2020). The authors reported an increase in calcium content of composite bread from 1.24 to 1.87 mg/100g from wheat and cassava flour, fortified with sorrel seed protein isolate. 
Agbara and Galadima (2020) also reported an increase in calcium content (36.10 to 330.20 mg/100g) from wheat-cassava bread with fruit juice inclusion in dough formation. Calcium is needed for the development of strong bones and teeth, cell metabolism, and muscle contraction (Ogbonna et al., 2019). The iron content of the flour ranges from 2.47 to 3.61 mg/100g. The iron content of the flours decreased as the composition of cocoyam flour in the blend increased. Sample A (100% wheat flour had the highest) had the highest (3.61 mg/100g), while Sample D (100% wheat flour and 30% cocoyam flour) had the lowest (2.47 mg/100g). A similar trend had been reported by Agbara and Galadima (2020) from wheat-cassava bread with fruit juice inclusion in dough formation. An increase in iron content from 11.78 to 5.25mg/100g had been reported by the authors. 
However, Asadu and Chukwu (2024) reported a decrease in iron content of bread from 1.11 to 0.83 mg/g from wheat, biofortified cassava and dry date flour bread. Iron is very important in the formation of blood cells and the prevention of anaemia in infants, young children, and adults (Okoye et al., 2019). The potassium content of the flour blends ranges from 163.77 to 174.21 mg/100g. The potassium content increased as the composition of cocoyam flour increased. Sample D (70% wheat flour and 30% cocoyam flour) had the highest (174.21 mg/100g), while sample A (100% wheat flour) had the lowest (163.77 mg/100g). An increase in the potassium content of blended flour from 200.05 to 601.11 mg/100g had also been reported by Agbara and Galadima (2020) from wheat-cassava bread with fruit juice inclusion in dough. Asadu and Chukwu (2024) also reported an increase in potassium content of biofortified cassava, wheat and dry date flours bread from 43.64 mg/g to 52.63 mg/g. Potassium is very essential in bone formation and proper functioning of the muscles (Okoye et al., 2019). The zinc content of the flours produced from this study decreased significantly as the composition of cocoyam flour in the blends increased. Values ranged from 1.80 to 2.64 mg/100g were observed. Sample A (100% wheat flour) had the highest (2.64 mg/100g), while Sample D (70% wheat flour and 30% cocoyam flour) had the lowest (1.80 mg/100g). A similar trend had been observed by Asadu and Chukwu (2024). The authors reported a decrease in zinc content (0.91 to 0.60 mg/g) from wheat, biofortified cassava, and dry date composite flour bread. Fe and Zn are readily absorbed in the presence of ascorbic acid, a powerful reducing agent but the baking process must have destroyed available ascorbic acid (Agbara and Galadima, 2020). The sodium content of the flours increased as the composition of cocoyam flour in the blends increased. Values ranging between 121.70 to 127.21 mg/100g were observed. Agbara and Galadima (2020) also observed an increase in sodium content of bread from 100.20 to 302.10 mg/100g from wheat-cassava bread treated with fruit juice. 

Table 3: Mineral Composition of Wheat and Cocoyam Composite Flour (mg/100g)
	Sample
	     Ca
	   Fe
	     K
	    Zn
	      Na

	A
	33.66d±0.46
	3.61a±0.02
	163.77c±0.35
	2.64a±0.10
	121.70bc±0.65

	B
	34.59b±0.03
	3.16b±0.05
	164.57c±0.36
	2.21b±0.01
	122.77b±0.77

	C
	35.45c±0.45
	2.81c±0.06
	167.47b±1.03
	1.88c±0.02
	120.90c±0.44

	D
	38.12a±0.20
	2.47d±0.03
	174.21a±1.20
	1.80c±0.04
	127.21a±0.64



KEY
A = 100% Wheat flour
B = 90% Wheat flour and 10% cocoyam flour
C = 80% Wheat flour and 20% cocoyam flour
D = 70% Wheat flour and 30% cocoyam flour
Values represent mean± standard deviation of triplicate determinations, means in the same row with different superscripts are significantly different (p<0.05)

3.3. Vitamin Composition of Wheat and Cocoyam Flour Blends. 
The vitamin composition of wheat-cocoyam flour blends is shown in Table 4. The vitamin A content of the flours ranges from 0.51 to 3.91 μg/100g. The vitamin A composition of the flours increased as the composition of cocoyam flour in the blends increased. Sample D (70% wheat flour and 30% cocoyam flour) had the highest (3.91 μg/100g), while sample A (100% wheat flour) had the lowest (0.51 μg/100g). A similar trend had been reported by Kure et al., (2021). The authors reported an increase in vitamin A content of Wheat and Orange-Fleshed Sweet Potato bread from 0.00 to 8193.00 μg/100g. Similarly, Okoye and Ezeugwu (2021) reported an increase in vitamin A content of wheat, Bambara groundnut, and yellow root cassava flour bread from 0.14 to 0.45 mg/100g. Vitamin A is an essential micronutrient required in small amounts by humans throughout the life cycle to perform multiple metabolic functions. It is important for growth and development, the maintenance of immune function, and the maintenance of epithelial cell integrity, good vision, reproduction as well as lipid metabolism (Akhtar et al., 2013). Vitamin C content of the wheat-cocoyam composite flours produced from the study ranged from 13.28 to 33.82 mg/100g. The vitamin C content of the flour increased significantly as the composition of cocoyam flour in the blends increased. Sample D (70% wheat flour and 30% cocoyam flour) had the highest content of vitamin C (33.82 mg/100g), while sample A (100% wheat flour) had the lowest (13.28 mg/100g). An increase in vitamin C content of the flours (0.12 to 6.39 mg/100g) had also been reported by Kure et al. (2019) from wheat and orange-fleshed sweet potato flour-based bread. Physiologically, foods with high vitamin C content have the potential to increase the hemoglobin status of children, which enhances the absorption of non-heme iron. Iron deficiency anaemia is known to be a public health challenge among school-aged students (Ayogu et al., 2019). The vitamin E content ranges from 1.73 to 2.92 mg/100g. The vitamin E content of the flour blends decreased significantly as the composition of cocoyam flour in the blends increased. Sample A (100% wheat flour) had the highest (2.92 mg/100g), while sample B (80% Wheat flour and 20% cocoyam flour) had the lowest (1.73 mg/100g). The vitamin B2 content of the flour ranges from 11.64 to 24.62 mg/100g. The vitamin B2 content from the study decreased significantly (p<0.05) as the composition of cocoyam flour in the blends increased. Sample A (100% wheat flour) contains the highest (24.62 mg/100g), while Sample D(70% wheat flour and 30% cocoyam flour) has the lowest (11.64 mg/100g). However, Kure et al., (2021) reported an increase in vitamin B2 content of bread (0.10 to 1.23 mg/100g) from Wheat and Orange-Fleshed Sweet Potato flour-based bread. Vitamin B2 (Riboflavin) contributes to blood cell formation as it plays a role in erythropoiesis, improves iron absorption and helps in the mobilization of ferritin from tissues (Kiran et al., 2017). Also, according to Olakunle and Olalekan (2020), vitamin B2 helps to break down proteins, fat, and carbohydrates and plays a vital role in maintaining of body's energy supply. The vitamin B6 content of the blended flours ranges between 1.02 to 6.77 mg/100g. The vitamin B6 content increased significantly as the composition of cocoyam flour in the blends increased. Sample D (70% wheat flour and 30% cocoyam flour) had the highest (6.77 mg/100g), while sample A (100% wheat flour) had the lowest (1.02 mg/100g). 





Table 4: Vitamin Composition (mg/100g) of Wheat and Cocoyam Flour Blends
	Sample
	Vitamin A 
	Vitamin C
	Vitamin E
	Vitamin B2
	Vitamin B6

	A
	0.51d±0.01
	13.28d±0.07
	2.92a±0.19
	24.62a±0.39
	1.02d±0.02

	B
	0.86c±0.01
	18.79c±0.24
	2.00b±0.01
	19.16c±1.04
	1.69c±0.06

	C
	1.87b±0.14
	23.26b±0.25
	1.73c±0.01
	20.94b±0.06
	2.73b±0.37

	D
	3.91a±0.21
	33.82a±0.28
	2.08b±0.01
	11.64d±0.42
	6.77a±0.20



KEY
A = 100% Wheat flour
B = 90% Wheat flour and 10% cocoyam flour
C = 80% Wheat flour and 20% cocoyam flour
D = 70% Wheat flour and 30% cocoyam flour
Values represent mean± standard deviation of triplicate determinations, means in the same row with different superscripts are significantly different (p<0.05)



3.4. Quality indices of Wheat-Cocoyam Flour Bread.
Results on the quality indices of wheat and cocoyam composite bread are given in Table 5. The loaf weight of cocoyam composite breads increased with increasing levels of cocoyam flour, while loaf volume decreased significantly (p<0.05) with an increase in the percentage of cocoyam flour.
The weights of all cocoyam-based bread were significantly (p<0.05) higher than the 100% wheat bread, while volume was less than the value for 100% wheat bread. This is in contrast to (Okereke et al,. 2021) who reported no significant difference in baking characteristics of 100 % wheat bread and the composite breads at various substitutions.
The observed significant (p<0.05) increase in loaf weight with increasing amount of cocoyam flour substitution was due to less retention of carbon dioxide gas in the blended dough, hence providing dense bread texture (Mongi et al,.2011). On the other hand, the lower loaf volume and specific volume of the composite breads were probably due to the dilution effects on gluten with the addition of cocoyam flour to the wheat flour (Tsegay et al,. 2024). The Gluten fraction is responsible for the elasticity of the dough by causing it to extend and trap the carbon dioxide generated by yeast during fermentation. When gluten coagulates under the influence of heat during baking, it serves as the framework of the loaf, which becomes relatively rigid and does not collapse. The percentage of wheat flour required to achieve a certain effect in composite flours depends heavily on the quality and quantity of wheat gluten and the nature of the product involved (Mongi et al,.2011). According to Okon et al. (2007), Cocoyam flour has very low crude protein of 7 with no gluten; consequently, they could not be used solely for bread making. Therefore, based on the findings of this study, a limit of up to 30% substitution level with wheat flour in bread making is necessary to produce acceptable bread with weight and volume characteristics comparable to 100% wheat bread.
Table 5: Quality indices of Bread from Wheat and Cocoyam Flour Blends
Sample 	Weight (g)		Volume (cm3)		Specific Volume (cm3/g)
A		255.80d±0.40		683.42a±7.82		2.66a±0.01	
B		260.00c±0.34		649.71b±1.04		2.50b±0.01
C		264.70b±0.50		583.90c±1.62		2.21c±0.01	
D		267.88a±0.35		532.09d±3.60		1.99d±0.02
KEY
A = 100% Wheat flour
B = 90% Wheat flour and 10% cocoyam flour
C = 80% Wheat flour and 20% cocoyam flour
D = 70% Wheat flour and 30% cocoyam flour
Values represent mean± standard deviation of triplicate determinations, means in the same row with different superscripts are significantly different (p<0.05)
3.5. Sensory Attributes of Bread from Wheat and Cocoyam Flour Blends: 
The sensory attributes of bread from wheat and cocoyam flour blends are shown in Table 6. Twenty (20) members’ panelists from the Department of Chemistry, Benue State University, Makurdi, were selected to evaluate the bread samples. Each panelist was instructed to rinse their mouth before and after tasting a sample. The samples were evaluated on appearance, color, aroma, taste, and overall acceptability. The panelists were also instructed to assign scores to each sample based on a 9-point hedonic scale that ranges from like extremely to dislike extremely. The score's appearance of the bread ranges from 6.80 to 7.07, as shown below. The appearance of the bread increased as the composition of cocoyam flour in the blend increased. Sample D (70% wheat flour and 30% cocoyam flour) had the highest (7.07) while sample A (100% wheat flour) had the lowest (6.80). However, Okoye and Ezeugwu (2019) reported a decrease in the appearance of bread (7.65 to 6.15) from wheat, bambara groundnut, and yellow root cassava flours. Toibudeen et al. (2020) also reported a decrease in scores for the appearance of bread (8.00 to 6.00) from wheat and cassava flour, fortified with Sorrel Seed Protein Isolate. Appearance of the product is essential as it helps consumers in making a choice of product. Therefore, high scores for appearance for the bread indicate higher likeness. The scores for color of the bread range from 7.73 to 6.93 as shown in Table. There was no significant difference in the color of the bread between sample A (100% wheat flour) and sample B (90% wheat flour and 10% cocoyam flour), each having scored 7.27 and 7.73, respectively. Whereas the score for the color of bread for Sample D(80% wheat flour and 20% cocoyam flour) and sample D (70% wheat flour and 30% cocoyam flour) were lower and not significantly different from each other, with each having scored 6.93 and 7.00, respectively. However, all the samples for the color of the bread were within the acceptable range. The scores for the aroma of the bread range between 6. 93 to 7.47 as shown in the Table below. The scores for the aroma of the bread increased from sample A (100% wheat flour) to sample B (90% wheat flour and 10% cocoyam flour). However, the scores for the aroma of the bread decreased from Sample D (80% wheat flour and 20% cocoyam flour) to Sample D (70% wheat flour and 30% cocoyam flour). Toibudeen et al. (2020) also reported a decrease in the scores for the aroma of the bread (7.67 to 6.22) from wheat and cassava flour, fortified with sorrel seed protein isolate. Okoye and Ezeugwu (2019) also reported a decrease in the scores for the aroma of bread (6.55 to 3.55) from wheat, bambara groundnut, and yellow root cassava flours. The scores for the taste of the bread range from 7.20 to 7.40, as shown in Table 6. The scores for the taste of the bread decreased significantly as the composition of cocoyam flour in the blends increased. The overall acceptability scores of the bread range from 7.67 to 6.73. All the sample scores were within the acceptable range. However, sample B (90% Wheat flour and 10% cocoyam flour) scored the highest value of overall acceptability of the bread. 

Table 6: Sensory Attributes of Bread from Wheat and Cocoyam Flour Blends
	
Sample
	Appearance
	Color
	Aroma
	Taste
	Overall Acceptability

	A
	6.80a±0.94
	7.27ab±0.80
	6.93a±0.80
	7.40a±0.74
	7.33a±0.72

	B
	7.07a±0.80
	7.73a±0.46
	7.47a±0.64
	7.27a±0.80
	7.67a±0.49

	C
	7.00a±0.76
	6.93b±0.88
	7.13a±0.74
	7.40a±0.63
	7.20ab±0.77

	D
	7.07a±0.80
	7.00b±0.93
	7.07a±0.80
	7.20a±0.68
	6.73b±0.70



KEY
A = 100% Wheat flour
B = 90% Wheat flour and 10% cocoyam flour
C = 80% Wheat flour and 20% cocoyam flour
D = 70% Wheat flour and 30% cocoyam flour
Values represent mean± standard deviation of triplicate determinations, means in the same row with different superscripts are significantly different (p<0.05)
4. Conclusion:
The research “From farm to table: The nutritional and sensory evaluation of bread produced from Wheat-Cocoyam flour blends” has demonstrated significant potential for utilizing cocoyam as a gluten-free alternative in bread-making. The findings indicate that the incorporation of cocoyam flour at various substitution levels (0%, 10%, 20%, and 30%) into wheat flour positively influences the nutritional profile of the bread, specifically carbohydrate and fiber contents (54.58-72.18, 0.54-2.07)% respectively, making it a healthier option for consumers. An increase in energy values ranged from 316.82 to 325.95 kcal/100g, with a significant improvement in vitamins A, C, and B6 (0.51-3.91,13.28-33.82 and 1.02-6.77)mg/100g, respectively as cocoyam flour substitution increased. While the loaf weight increased with higher cocoyam content (255.80 - 675.88)g, the volume and specific volume of the bread decreased, indicating a denser texture. This is attributed to the lack of gluten in cocoyam flour, which is essential for the retention of gas during the fermentation process. The sensory evaluation indicated that all bread samples were generally accepted (>5), with the 10% cocoyam substitution (sample B) being the most preferred among panelists (7.67). Attributes such as appearance, aroma, and taste showed no significant differences, suggesting that low levels of cocoyam flour can be effectively integrated without compromising the bread quality. The study confirms that flour from cocoyam can be used as a viable ingredient in bread production, contributing to improved nutritional profiles and ensuring food sustainability.
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