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ABSTRACT 

Cocoyam (Colocasia esculenta), a lesser-known root crop, is rich in dietary fibers, essential vitamins, and has been identified as a potential 

candidate for enhancing the nutritional profile of conventional wheat-based bread. This study sought to investigate the nutritional compositions and 

phytochemical properties of the composite bread produced from cocoyam (CYF) and wheat flour (WF) in vitro. The CYF and WF composite bread 

was prepared in various proportions of 100:0 (100% CYF), 50:50 (50% CYF:50% WF), 20:80 (20% CYF:80% WF), 10:90 (10% CYF:90% WF) 

and 0:100 (100% WF), and flavored with 2g of cocoa powder for the production of composite bread. The bread samples were investigated for 

calorific value, sensory evaluation, proximate analysis, mineral composition and phytochemicals constituents. The results revealed significant 

(p<0.05) decrease in the calorific value as compared to the control. However, sensory evaluation revealed a significant (p<0.05) increase in the 

aroma but no significant (P>0.05) difference in its taste, texture, colour and its general acceptability as compared to the control (100% WF bread). 

The proximate composition result revealed a significant increase in the moisture content of 100% CYF bread (22.39 ± 0.07) as compared to the 

control, 100% WF bread (18.15 ± 0.13). More so, the results of the K, Mg, Fe and Ca revealed significant (p<0.05) increase as compared to the 

control bread. Hence, it could be deduced that the bread produced from cocoyam / wheat flour blend could be a good source of antioxidants and also 

would be a recipe for patients with nutritional challenges. 
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Introduction 

Cocoyam is predominantly cultivated in tropical regions, 

where it is valued mainly for its edible corms or roots, as well as its 

leaves. It holds significant importance as a staple food crop across 

various regions, particularly in the Pacific Islands, Asia, and Africa. ¹, ² 

This widespread reliance on cocoyam can be attributed to several 

advantages it offers over other root or tuber crops. Notably, cocoyam 

possesses a longer shelf life, has a remarkable ability to thrive under 

adverse environmental conditions, and serves as an affordable and 

accessible source of energy in the diets of economically disadvantaged 

rural populations. ³ There are two principal species of cocoyam that 

are widely cultivated: taro (Colocassia esculenta) and tannia 

(Xanthosoma species). Interestingly, the Roots, Tubers and Bananas 

Newsletter 4 opined that Africa stands out as the leading global 

producer of cocoyam. Explicitly, within Africa, Nigeria leads 

production with an annual output of approximately 5.49 million metric 

tons, accounting for about 45.90% of the total global production.  
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However, the Food and Agriculture Organization (FAO) 5 presents a 

slightly different figure, estimating Nigeria's output at 3.46 million 

metric tons, representing 37.00% of the global total. China and Ghana 

follow Nigeria in production levels, contributing 1.64 million metric 

tons and 1.51 million metric tons, respectively. 6 Cocoyam offers 

considerable nutritional benefits when compared to another root and 

tuber crops. 7 It is notably richer in crude protein and contains starch 

that is highly digestible due to the fine structure of its starch granules. 

Additionally, it provides significant amounts of calcium, phosphorus, 

vitamin A, and several B-vitamins. 8, 7, 9 The crop also boasts a 

superior phytonutrient profile, comprising dietary fibre and 

antioxidants, while also being naturally gluten-free. 10 Among its 

nutritional highlights is the presence of essential B-complex vitamins 

such as pyridoxine (vitamin B6), folate, riboflavin, pantothenic acid, 

and thiamine. Its corms are particularly rich in carbohydrates, 

containing between 70% and 80% on a dry weight basis, primarily in 

the form of starch. ¹¹, ¹², ¹³ This composition not only lends desirable 

functional properties to food products but also contributes to energy 

supply and promotes a feeling of fullness or satiety. ¹4 When compared 

nutritionally to other staple root crops like cassava and yam, cocoyam 

is superior in terms of protein, mineral, and vitamin contents. 

Moreover, it has a higher proportion of digestible starch. 7, 15, 16 The 

leaves of cocoyam also provide notable nutritional benefits. They 

contain significantly higher levels of protein than those of other root 

and tuber crops and are enriched with essential minerals such as 

calcium, phosphorus, and iron. Furthermore, they supply vital 

vitamins including vitamin C, thiamin, riboflavin, and niacin. 15, 2 Due 

to these attributes, cocoyam has been recommended for a variety of 

dietary needs, including for diabetic patients, elderly individuals, 

children with food allergies, and people suffering from intestinal 

issues.17, 6, 2 The high concentrations of beta-carotene, iron, and folic 
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acid in cocoyam leaves are particularly beneficial, offering protection 

against conditions such as acidosis and kidney stone formation. 18 

Despite its many benefits, cocoyam remains underutilized in Nigeria. 

Its use is largely restricted to subsistence farming, and it is considered 

a neglected crop despite its potential to improve nutrition and food 

security. ² All plants, including fruits, vegetables, legumes, and grains, 

naturally produce phytochemicals. These compounds are integral to a 

plant’s immune defense system, providing protection against threats 

such as viruses, bacteria, fungi, and parasites. Remarkably, these 

phytochemicals can also offer similar protective benefits to humans. 

While some phytochemicals qualify as vitamins, their primary role is 

to safeguard the body’s cells from damage caused by environmental 

toxins and the body’s own metabolic processes. 19 Phytochemical 

analyses of cocoyam roots indicate strong antioxidant properties, 

which help reduce the risk of various diseases by neutralizing free 

radicals that could otherwise cause DNA damage. 19 In an effort to 

reduce Nigeria’s dependency on large-scale wheat imports, 

researchers have advocated for the adoption of composite flours in 

bread production. 20 This approach involves partially replacing wheat 

flour with locally sourced alternatives, such as cocoyam flour, to 

promote the use of indigenous crops. The aim is not only to reduce the 

national demand for imported wheat but also to stimulate local 

agriculture and the utilization of underexploited domestic resources. ²¹ 

Bread, one of humanity’s oldest and most widely consumed foods, has 

seen rising consumption patterns globally and in Nigeria. While it was 

not traditionally a staple in daily Nigerian diets, shifting population 

demographics and evolving dietary preferences have led to its 

increased popularity over recent decades. ²² Bread is now universally 

recognized for its convenience and nutritional value, offering an array 

of essential macronutrients which include carbohydrates, proteins, and 

fats along with critical vitamins and minerals that enrich the 

sustenance of human health. ²³ To further decrease reliance on wheat 

imports and enhance the nutritional profile of bread, efforts have been 

made to incorporate flours derived from high-protein seeds and locally 

cultivated crops into bread-making. This not only curtails the demand 

for imported wheat but also facilitates the production of protein-

enriched bread varieties.24 Therefore, this research was designed to 

evaluate the energy values, nutritional potential and phytochemical 

constituents of composite bread produced from cocoyam (CYF) / 

wheat flour (WF) blends flavoured with cocoa powder. 
 

Materials and Methods 

Materials  

Cocoyam used for this study was sourced from a local market located 

in Elekokan Market, situated within the Igangan area of Ibarapa Local 

Government Area in Oyo State, Nigeria. This location lies at a 

geographical coordinate of approximately Latitude 7.68° North and 

Longitude 3.18° East. Upon procurement, the cocoyam corms were 

subjected to preliminary processing which involved peeling, 

thoroughly washing them to remove dirt and impurities, and 

subsequently cutting them into smaller, manageable pieces. These 

pieces were then oven-dried using a cabinet dryer maintained at a 

constant temperature of 45°C over a period of 72 hours to ensure 

complete moisture removal. Once adequately dried, the samples were 

milled into fine flour suitable for experimental use. In addition to 

cocoyam, other ingredients required for the study were sourced from 

Waso Market, a prominent commercial hub located in Ogbomoso city, 

also in Oyo State. These included wheat flour (specifically Golden 

Penny brand), cocoa powder, yeast, and eggs, all of which were 

purchased to maintain consistency and standard in formulation. Dates 

(Phoenix dactylifera), employed in this research as a natural 

sweetening agent in place of artificial sweeteners, were also obtained 

from the same market. All chemical reagents utilized in the various 

stages of analytical procedures were of analytical grade to ensure 

precision and reliability of results. Furthermore, all water used 

throughout the experimentation and preparation processes was glass-

distilled to eliminate any possible contaminants that could interfere 

with the accuracy of the analysis. 

 

Production of cocoyam-wheat composite flour bread 

The cocoyam tubers underwent a sequence of preparatory steps prior 

to utilization in flour production. Initially, they were peeled to remove 

the outer skin, after which they were thoroughly washed with clean 

water to eliminate all traces of dirt and impurities. The cleaned 

cocoyam was then cut into smaller, uniform-sized pieces to facilitate 

even drying. These pieces were carefully arranged and dried in a 

cabinet dryer, maintained at a constant temperature of 45°C, for a 

duration of 72 hours to ensure complete dehydration. Once fully dried, 

the cocoyam pieces were milled using a mechanical grinder to obtain a 

fine powder referred to as cocoyam flour (CYF). Following the 

preparation of the cocoyam flour, a series of composite flour mixtures 

were formulated by blending the cocoyam flour (CYF) with wheat 

flour (WF) in varying proportions. The mixing ratios included 100:0 

(representing 100% cocoyam flour and 0% wheat flour), 50:50 (50% 

CYF and 50% WF), 20:80 (20% CYF and 80% WF), 10:90 (10% 

CYF and 90% WF), and 0:100 (0% CYF and 100% WF), respectively. 

These different combinations were prepared to evaluate the 

performance of cocoyam flour in partial and complete substitution of 

wheat flour in bread production. To sweeten the dough mixtures 

naturally, dates (Phoenix dactylifera) obtained from Waso Market in 

Ogbomoso were incorporated. Egg albumin was employed as an 

emulsifying agent to improve texture and structural stability of the 

bread. Cocoa powder was added not only to impart a pleasant flavour 

to the final product but also to serve as an additional source of 

phenolic compounds, enhancing the antioxidant profile of the bread. 

Yeast was included as the leavening agent to promote dough rise, 

while water was added in appropriate quantities to achieve the desired 

dough consistency and palatability. The prepared dough samples were 

then baked using a gas oven (Nexus model IX 9000, manufactured in 

Europe). Baking was conducted at a temperature of 250°C for a period 

of 30 minutes or until the surface of the bread developed a golden-

brown colour, indicating that it was fully baked and ready for 

evaluation. 

 

Methods 

Determination of Calorific Value of Composite Bread 

The calorific value of the composite bread was determined using the 

method of Bomb Calorimetry (ASTM D240-17) by the method of 

AOAC. 25 A small sample (1-2g) of the composite bread was placed in 

a sealed container or bomb calorimeter filled with oxygen, and the 

sample was ignited. The heat released during combustion was 

measured, allowing for the calculation of the calorific value expressed 

in kilojoules per gram (KJ/g). Multiple samples were tested to ensure 

accuracy and reproducibility, and the average calorific values were 

reported alongside standard deviations (equation 1).  

Gross Calorific value (KJ/kg) =  

 

Mass of water × specific heat of water × temperature rise /mass of fuel 

burned    …………….. equation 1       

 

Sensory evaluation of the composite bread  

The sensory evaluation of the composite bread samples was conducted 

following the procedure outlined by Potter 26 This evaluation aimed to 

determine consumer acceptability of the bread variants through 

organoleptic assessment. A panel consisting of 25 final-year students 

from the Department of Biochemistry, Ladoke Akintola University of 

Technology, Ogbomoso, Oyo State, Nigeria, was selected to serve as 

evaluators. These students were briefed on the evaluation criteria and 

instructed to independently assess all the different composite bread 

samples prepared for the study. 

Each of the 25 student panellists was asked to assess and record their 

level of preference for five key sensory attributes: aroma, taste, 

texture, colour, and overall acceptability. To ensure uniformity and 

standardization in data collection, a 7-point Hedonic Scale was used. 

The scale ranged from 7 to 1, where a score of 7 represented 

“excellent,” 6 indicated “very good,” 5 denoted “good,” 4 stood for 

“average,” 3 for “fair,” 2 for “poor,” and 1 signified “very poor.” 
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Panellists were required to evaluate each sample 

independently and provide a rating for each sensory attribute based on 

their personal perception and preference. The data obtained from all 

panellists were then compiled and subjected to statistical analysis. The 

mean scores for each sensory attribute were calculated using the 

method described by Deliza and Macfie 27 to determine the overall 

acceptability and quality ranking of each composite bread formulation. 

 

Proximate compositions of the composite bread 

The proximate compositions of the composite bread samples 

formulated from cocoyam-wheat flour and enriched with cocoa 

powder were analyzed to determine their nutritional content. The 

analyses were carried out in accordance with the standardized 

procedures outlined by the Association of Official Analytical 

Chemists (AOAC). 25 These methods were employed to ensure 

accuracy, reliability, and consistency of the analytical results. 

Prior to the commencement of the analysis, all composite bread 

samples were subjected to a preparatory step in which they were 

ground into fine powder using an electric blender. This 

homogenization process was essential to ensure that the samples were 

uniform in texture and composition, thereby enabling precise 

measurement of their nutritional parameters. The proximate analysis 

included the determination of moisture content, crude protein, crude 

fat, ash content, crude fibre, and carbohydrate content by difference. 

Each of these components was measured according to the guidelines 

stipulated in the AOAC methods, 25 which are widely recognized and 

adopted for food composition analysis in research and industry 

settings. This analytical procedure provided a comprehensive 

nutritional profile of the cocoyam-wheat composite breads, enabling 

the assessment of how the inclusion of cocoyam flour and cocoa 

powder influenced the macronutrient composition of the final baked 

products. 

 

Determination of moisture content 

The moisture content of the composite bread samples was determined 

using the standard air-oven dry method, a widely accepted technique 

for assessing the water content in food products. This procedure 

involved accurately weighing two grams (2 g) of each composite 

bread sample using a high-precision analytical balance to ensure 

measurement accuracy. The weighed samples were then placed in 

clean, dry crucibles and transferred into a hot air oven pre-set to a 

temperature of 105°C. 

The bread samples were subjected to continuous drying in the oven for 

a period of four (4) hours to facilitate the complete removal of 

moisture content. Upon completion of the initial drying period, the 

samples were carefully removed from the oven and allowed to cool in 

a desiccator. The use of a desiccator was essential to prevent moisture 

reabsorption from the surrounding environment, thereby preserving 

the integrity of the drying process. 

After cooling, the samples were reweighed, and the drying process 

was repeated several times at 105°C until a constant weight was 

achieved. This ensured that all residual moisture had been completely 

eliminated, confirming the final dry mass of the sample. The moisture 

content was subsequently calculated and expressed as a percentage of 

the initial sample weight. The formula used for determining the 

moisture content is presented (equation 2): 

 

Moisture content (%)      

 …………equation 2 

 

Determination of Ash content 

The ash content of the composite bread samples was determined using 

the dry ashing method with the aid of a hot muffle furnace. This 

method is commonly used to estimate the total mineral content in food 

samples by incinerating organic matter. Precisely two grams (2 g) of 

the finely ground composite bread sample were weighed using a 

calibrated analytical balance and transferred into a clean, pre-weighed 

porcelain crucible. The crucible containing the sample was then placed 

in a hot muffle furnace and subjected to ignition at a high temperature 

of 550°C. The incineration process was carried out for a continuous 

period of five (5) hours to ensure complete combustion of all organic 

materials present in the sample. During this process, the organic 

components were vaporized, leaving behind a white or grey ash 

residue which represents the inorganic mineral content of the bread. 

After the heating period, the crucible was carefully removed from the 

furnace using heat-resistant tongs and allowed to cool in a desiccator. 

Cooling in a desiccator was necessary to prevent moisture from being 

reabsorbed by the ash, which could compromise the accuracy of the 

measurement. The weight of the crucible and the residual ash was then 

recorded. Ashing was considered complete once a constant weight was 

achieved, confirming that all combustible material had been 

incinerated. The percentage ash content of the sample was then 

calculated based on the initial sample weight and the final weight of 

the ash using the formula provided below (equation 3): 

 

Ash content (%)      ……equation 3 

 

Determination of crude protein content 

The crude protein content of the composite bread samples was 

determined using the standard micro-Kjeldahl method, a reliable and 

widely employed technique for the quantitative determination of 

nitrogen, which is then converted to protein content. This method is 

based on the principle that the nitrogen present in the organic 

compounds of the sample is converted to ammonium sulfate under 

acidic conditions, followed by distillation and titration. To begin the 

procedure, precisely two hundred milligrams (200 mg) of the finely 

ground bread sample were accurately weighed and transferred into a 

clean micro-Kjeldahl digestion flask. To facilitate the digestion 

process, four hundred milligrams (400 mg) of a Kjeldahl catalyst 

mixture; consisting of sodium tetraoxosulfate (VI) and copper (II) 

tetraoxosulfate (VI) were added to the flask along with 3.5 milliliters 

(mL) of concentrated sulfuric acid (H2SO4). This mixture promotes the 

breakdown of organic matter and the release of nitrogen in the form of 

ammonium ions. 

The flask was then placed on an electric heating unit and the mixture 

was digested for approximately two (2) hours, or until a clear, 

colourless solution was obtained. This indicated the complete 

digestion of organic matter. After cooling, the digest was carefully 

transferred into a distillation apparatus. In the distillation step, 20 mL 

of 40% sodium hydroxide (NaOH) solution was added to the digest in 

order to neutralize the acid and liberate ammonia gas from the 

ammonium sulfate. The liberated ammonia gas was then distilled and 

captured in a receiving conical flask containing 10 mL of 2% boric 

acid solution. This setup allowed the ammonia to react with the boric 

acid, forming a weakly basic solution. 

The amount of nitrogen present was finally determined by 

titrating the borate-ammonia complex with a standard 0.02 M 

hydrochloric acid (HCl) solution. A mixed indicator solution of 

bromocresol green and methyl red, dissolved in alcohol, was used to 

detect the endpoint of the titration. The volume of acid consumed in 

the titration was used to calculate the nitrogen content of the sample, 

which was subsequently converted to crude protein by multiplying by 

the appropriate nitrogen-to-protein conversion factor. The crude 

protein content was expressed using the formula (equation 4): 

 

    Crude Protein (%) 

 …Equation 4 

 

Determination of crude fat content 

The crude fat content was determined according to the method 

described by AOAC, 25 using a Soxhlet extractor apparatus. A quantity 

of 2 grams of the bread sample was accurately weighed and carefully 

placed in filter paper, which was then inserted into an extraction 

thimble. Petroleum ether, with a boiling point range of 40–60°C, 

served as the solvent for the fat extraction process, which was carried 

out over a period of 5 hours to ensure thorough extraction of the fat 
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content. After the extraction process was completed, the filter paper 

containing the sample was removed from the extraction thimble and 

transferred to a drying oven set at 106°C. It was left in the oven for 30 

minutes to eliminate any residual solvent. Following the drying stage, 

the sample was allowed to cool in a desiccator to prevent moisture 

absorption. Once cooled, the sample was weighed again to determine 

the amount of crude fat extracted by calculating the difference in 

weight. The crude fat was calculated thus (equation 5): 

 

Crude fat (%) =   ...equation 5 

Determination of crude fibre content 

The crude fibre content of the composite bread and control bread 

samples was analyzed following the standard procedure described by 

the Association of Official Analytical Chemists (AOAC). 25 To begin 

the analysis, precisely, 2 grams of the composite bread sample (initial 

weight denoted as W0) was accurately weighed using an analytical 

balance. This sample was placed into a 500 mL conical flask, and 200 

mL of freshly prepared diluted sulfuric acid (H2SO4) at a 

concentration of 1.25% was added. The mixture was then subjected to 

gentle boiling for a duration of 30 minutes until a constant volume was 

achieved, ensuring adequate breakdown of soluble components. After 

boiling, the hot mixture was filtered using a muslin cloth, which 

effectively separated the insoluble residue from the liquid. The residue 

was thoroughly washed with distilled water to remove all traces of 

acid. Subsequently, 200 mL of 1.25% sodium hydroxide (NaOH) 

solution was added to the residue. This mixture was also boiled for 30 

minutes, promoting further breakdown of digestible materials. 

Following the second boiling step, the mixture was again filtered 

through a muslin cloth and washed with hot distilled water four times 

to eliminate any residual sodium hydroxide. The washed residue was 

then subjected to additional rinsing with 10% hydrochloric acid (HCl), 

followed by another four washes with hot distilled water to neutralize 

the pH and remove any remaining chemical traces. The neutralized 

residue was further rinsed three times with ethanol and three times 

with petroleum ether (boiling point range of 40–60°C) to remove fats 

and other interfering substances. After this extensive washing, the 

treated residue was carefully transferred into a clean, dry silica 

crucible. The crucible was placed in an electric oven and dried at a 

constant temperature of 105°C until a stable weight (W1) was 

recorded. It was then allowed to cool in a desiccator to prevent 

moisture absorption from the atmosphere. 

The next step involved ignition of the dried residue in a 

muffle furnace set at 600°C for a duration of 30 minutes to burn off all 

organic matter, leaving only ash. The crucible was removed from the 

furnace, cooled in a desiccator, and weighed again to obtain the final 

weight (W2). The crude fibre content was calculated by subtracting ash 

weight from weight of the dried residue, and the value was expressed 

as a percentage of the original sample weight. The crude fibre was 

calculated as follows (equation 6): 

 

Crude fibre (%)   …………….equation 6 

 

Evaluation of carbohydrate content of the composite bread  

The carbohydrate contents of the composite bread samples were 

determined using the difference method based on their dry weight 

composition. In this method, the individual proximate components 

namely, moisture content, crude fat, crude fibre, ash content, and 

crude protein were first quantified and their respective percentage 

values obtained from the proximate analysis. These components 

collectively account for the major constituents of the bread samples, 

excluding carbohydrates. To calculate the carbohydrate content, the 

sum of the percentages of moisture, crude fat, crude fibre, ash, and 

crude protein was subtracted from 100%. The remaining portion was 

attributed to carbohydrate content. This approach assumes that the 

other components make up the total dry matter, and the difference 

provides an accurate estimation of the carbohydrate concentration in 

the bread. The final carbohydrate content was expressed as a 

percentage on the basis of the sample’s dry weight. 

Determination of mineral Contents 

An appropriate hollow cathode lamp was selected and installed in the 

Atomic Absorption Spectrophotometer (AAS) based on the specific 

element or mineral to be analyzed. The AAS instrument was properly 

configured and allowed to stabilize using a standard solution to ensure 

accurate calibration and reliable readings. The stock standard solution 

prepared for each mineral had a concentration of 10 ppm (parts per 

million), which served as the reference point for subsequent 

measurements. 

Once the instrument was stabilized, the standard solution for each 

metal was aspirated into the flame of the spectrophotometer to 

establish a baseline absorbance value. Following this, the prepared 

sample solutions were also aspirated into the flame, and the 

corresponding concentrations of each mineral were determined by 

comparing the sample absorbance readings with those of the 

standards. The absorbance values obtained from the standards were 

used to calculate the concentrations of the minerals in the samples. 

These concentrations were expressed in milligrams per 100 grams 

(mg/100g) of the sample, and all values were derived in accordance 

with the established procedures. 25 

 

Qualitative Analysis of Phytochemical compounds 

The preliminary phytochemical screening of the extracts of each 

composite bread was carried out using the method as recorded by 

Altemimi et al. 28  

 

Determination of total Alkaloids 

This procedure was carried out following the method described by 

Shamsa, et al. 29 To prepare the bromocresol green solution, exactly 

69.8 mg of bromocresol green powder was measured and heated 

gently with 3 ml of a 2N sodium hydroxide (NaOH) solution. After 

partial dissolution, 5 ml of distilled water was added to facilitate 

complete dissolution of the dye. Once fully dissolved, the solution was 

transferred into a volumetric flask and diluted to a final volume of 

1000 ml using distilled water. 

A phosphate buffer solution with a pH of 4.7 was also prepared. This 

was done by first dissolving 71.6 g of sodium phosphate (Na₂HPO₄) in 

1000 ml of distilled water to form a 2M solution. The pH of this 

solution was then carefully adjusted to 4.7 using a citric acid solution, 

which was prepared by dissolving 42.02 g of citric acid in 1000 ml of 

distilled water. 

To prepare the atropine standard solution, 1 mg of pure atropine 

(sourced from Sigma Chemical, USA) was accurately weighed and 

dissolved in 10 ml of distilled water. For the sample analysis, the 

extracts were collected in a 10 ml volumetric flask, and then diluted as 

necessary to reach the 10 ml mark using chloroform. The absorbance 

of the resulting atropine-bromocresol green complex in chloroform 

was then measured at a wavelength of 470 nm using a 

spectrophotometer (BIOBASE BK-V/1000), manufactured in China. 

 

Determination of tannin content  

This analysis was carried out using the method described by Medoua 

et, al. 30 Precisely two grams (2 g) of each sample were accurately 

weighed and transferred into a 250 mL conical flask. To the sample, 

200 mL of 0.004 M potassium ferricyanide [K₃Fe (CN) ₆] solution was 

added, followed by the addition of 10 mL of 0.008 M ferric chloride 

(FeCl₃) prepared in 0.008 M hydrochloric acid (HCl). The reaction 

mixture in the flask was then allowed to stand undisturbed for 20 

minutes to ensure proper interaction of the reagents with the sample. 

During this time, the contents were gently stirred at 10-minute 

intervals to facilitate thorough mixing and reaction. After 20 minutes, 

a 1 mL aliquot of the reaction mixture was withdrawn using a pipette. 

This aliquot was then treated with 2 mL of 0.008 M ferric chloride 

(FeCl₃) in 0.008 M hydrochloric acid (HCl), followed by the addition 

of 10 mL of 0.0015 M potassium ferricyanide [K₃Fe(CN)₆]. After the 

final reagent was added, the mixture was allowed to stand for 30 

seconds to complete the colour development. The absorbance of the 

resulting solution was then measured at a wavelength of 720 nm using 

a spectrophotometer (BIOBASE BK-V/1000), manufactured in China, 

with a reagent blank serving as the reference. 
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Table 1: Composition of the composite bread 

Composite Bread ingredients                                                Percentage (g/100g) 

Composite flour 75.00                                                      

Dates (Phoenix dactylifera)  4.00 

Egg Albumin 3.00 

Cocoa Powder  2.00 

Yeast  2.00 

Water 14.00 

 

 

 

 

KEY:  

A = 100% CYF bread + FL (100% cocoyam flour bread + cocoa 

powder). 

B = 50% CYF + 50% WF bread + FL (50% cocoyam flour + 50% 

wheat flour bread + cocoa powder). 

C = 20% CYF + 80% WF bread + FL (20% cocoyam flour + 80% 

wheat flour bread + cocoa powder). 

D = 10% CYF + 90% WF bread + FL (20% cocoyam flour + 80% 

wheat flour bread + cocoa powder). 

E = 100% WF bread + FL (100% WF bread + cocoa powder). 

X = 100% WF bread (100% wheat flour bread without cocoa powder). 

Y = 100% CYF bread (100% cocoa powder bread without cocoa 

powder). 

 

 

 

Figure 2a: Flow chart for the production of composite bread from cocoyam/wheat flour 
 

Determination of phytate content  

The determination of phytate content in the composite bread samples 

was carried out following the method established by Wheeler and 

Ferrel. 31 To begin the analysis, exactly 4 grams of each composite 

bread sample were accurately weighed and transferred into a beaker 

containing 100 milliliters of 2% hydrochloric acid (HCl). The mixture 

was thoroughly stirred to ensure proper dispersion and then allowed to 

soak for a duration of 3 hours at room temperature to facilitate the 

extraction of phytate compounds. After the soaking period, the 

solution was subjected to a two-step filtration process using double-

layered filter paper in order to obtain a clear filtrate.  From the 

resulting filtrate, exactly 25 milliliters were measured and poured into 

a clean conical flask. To this, 5 milliliters of 0.3% ammonium 

thiocyanate solution were added as an indicator reagent. Subsequently, 

53.5 milliliters of distilled water were introduced into the flask to 

dilute the mixture appropriately. The prepared solution was then 

titrated against a standard iron (III) chloride solution. The iron (III) 

chloride used contained a known concentration of 0.00195 grams of 

iron per milliliter. The titration process was carefully observed until a 

distinct brownish-yellow coloration appeared in the solution. This 

coloration signaled the endpoint of the titration and was noted to 

persist for a minimum duration of 5 minutes, confirming the presence 

and estimation of phytate content in the sample. The phytate content 

was expressed as mg/g phytate in the sample.  

Statistical analysis 

The results were reported as mean of replicate determination and 

standard deviation. Analysis of variance (ANOVA) and the least 

significant difference (LSD) were used to determine the confidence 

level at 95% using the Statistical package for Social Science (SPSS) 

statistical software, version 17. 32  

 

 

 

Harvesting of cocoyam 

tuber. 

Peeling of 

cocoyam and 

washing with 

clean water 

Slicing of 

cocoyam into 

smaller pieces 

Drying of the cocoyam in 

cabinet dryer at 45oC for 72 

hrs 

Grinding of the dried cocoyam into 

flour and sieving 

Purchasing of wheat flour, cocoa 

powder, Date (Phoenix dactylifera), 

yeast and egg 

Measurement of the dry 

ingredients into a bowl 

Mixing of the dry ingredient 

[cocoyam – wheat flour, 

Cocoa powder, yeast and Date 

(Phoenix dactylifera)]. 

Addition of egg 

albumin and 

mixing with 

water until it 

becomes floppy  

Allow the 

dough to rise 

at room 

temperature 

for 2 hrs 

Milling of 

the dough 

with 

machine to 

a smooths 

texture  

Molding of 

the milled 

dough and 

place into pan 

Proofing of the dough in an oven at 

temperature of 45oC 

Baking of the dough into bread in a mold 

oven at temperature 250oC 

Cooling of the baked bread at room 

temperature for 10 mins ready for eating 

or package. 



                                             Trop J Phytochem Pharm Sci, June 2025; 4(6): 243 - 254            ISSN 2955-1226 (Print) 

                                                                                                                                                               ISSN 2955-123(Electronic)  
 

248 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  
 

 

Results and Discussion 
 

Determination of Calorific value of the composite bread. 

Table 2 expressed the result of calorific value using bomb calorimeter 

in Kilojoules/gram (KJ/g). The results of the composite bread revealed 

a significant (p<0.05) decrease as compared to the control (100% WF 

bread). The trend of the values reveals that Commercial bread (13.56  

0.13g KJ/g) > 100% WF bread (12.88  0.17f KJ/g) > 10% CYF + 90% 

WF bread + FL (11.29  0.00e KJ/g) > 20% CYF + 80% WF bread + 

FL (10.31  0.15d KJ/g) > 100% WF bread + FL (9.27  0.01c KJ/g) > 

100% CYF bread + FL (8.96  0.21b KJ/g) > 100% CYF bread (8.56  

0.02a KJ/g) > 50% CYF + 50% WF bread + FL (8.54  0.04a KJ/g).  

Calorific value is the amount of heat energy present in food or fuel 

and which is determined by the complete combustion of specified 

quantity at constant pressure and in a normal condition. It is also 

called calorific power or gross energy and it is expressed in kilojoule 

per kilogram (KJ/kg or KJ/g). 33 From the calorific value results, 

commercial bread had the highest calorific value (13.5  0.13g KJ/g) 

while 50% CYF + 50% WF bread + FL (8.54  0.04a KJ/g) had the 

least value. The calorific values of the bread samples indicate that the 

inclusion of cocoyam flour significantly reduces the energy content as 

compared to the commercial bread. This reduction in calorific value is 

beneficial for consumers seeking lower-calorie bread options. The 

addition of fortifying ingredients could slightly increase the calorific 

value, but the overall trend shows that higher proportions of cocoyam 

flour result in lower energy content. 34 This study highlights the 

potential of cocoyam flour as a valuable ingredient in producing 

nutritionally balanced, lower-calorie bread. 

 

Figure 2b: Cocoyam- wheat composite bread 

KEY:  

A = 100% Cocoyam flour bread + cocoa powder, B = 50% Cocoyam 

flour + 50% wheat flour bread + cocoa powder, C = 20% Cocoyam 

flour + 80% wheat flour bread + cocoa powder, D = 10% Cocoyam 

flour + 90% wheat flour bread + cocoa powder, E = 100% Wheat flour 

bread + cocoa powder, X = 100% Wheat flour bread without cocoa 

powder, Y= 100% Cocoyam flour bread without cocoa powder.  

 

Sensory evaluation of the composite bread   

The result for the sensory evaluation is shown in Table 3. The sensory 

evaluation results of the cocoyam-wheat composite bread highlight the 

importance of taste, aroma, texture, color, and overall acceptability in 

determining consumer preferences. It was revealed that there was a 

significant (p<0.05) difference in the aroma of the composite bread as 

compared with the control ranging from (4.28 -6.76). Taste revealed 

no significant (p>0.05) difference from the control ranging from 

(3.36-4.48) of the composite breads except in 50% CYF + 50% WF 

bread + FL (3.36   0.20a) when compared 100% WF flour bread. This 

indicates that the replacement of wheat flour by cocoyam flour in 

bread is well accepted. Commercial bread received the highest scores 

for aroma (6.76 ± 0.18e) and general acceptability (5.56 ± 0.22d), 

suggesting that consumers may favor traditional bread for its familiar 

sensory attributes. 35  In comparison, the 100% cocoyam flour bread 

had lower ratings across all sensory categories, particularly in taste 

and texture, indicating that the absence of wheat may contribute to a 

less favorable sensory experience. 36 The 50% CYF and 50% WF 

bread + FL scored lower in aroma (4.48 ± 0.21ab) and overall 

acceptability (3.92 ± 0.19a), suggesting that the balance of flavors may 

not appeal to consumers as much as the more traditional options. 

These findings underscore the challenge of achieving desirable 

sensory characteristics when substituting or blending flours in bread 

formulations. 37 In contrast, the samples with higher percentages of 

wheat flour, such as the 10% CYF and 90% WF bread + FL, showed 

improved sensory attributes, indicating that retaining wheat flour in 

the formulation may enhance consumer acceptance. The evaluation of 

texture also highlights significant (p<0.05) differences, with 100% WF 

bread achieving a texture score of 5.16 ± 0.22e compared to the 50% 

CYF and 50% WF bread + FL, which received a much lower score of 

3.34 ± 0.23a. This suggests that the integration of cocoyam flour into 

the bread formulation may alter the expected texture, which is crucial 

for consumer enjoyment. 38 The lower textural scores for cocoyam-

based products point to the need for further research on optimizing 

formulations to achieve a more palatable texture while maximizing the 

health benefits associated with cocoyam.  

Table 2: Results of calorific value of Cocoyam/wheat flour 

composite Bread Sample in KJ/g 

Sample Calorific value (KJ/g) 

COMMERCIAL BREAD 13.56 ± 0.13g 

100% WF BREAD 12.88 ± 0.17f 

100% CYF BREAD 8.56 ± 0.02a   

100% CYF BREAD + FL 8.96 ± 0.21b 

50% CYF + 50% WF BREAD + FL 8.54 ± 0.04a 

20% CYF + 80% WF BREAD + FL 10.31 ± 0.15d 

10% CYF + 90% WF BREAD + FL 11.29 ± 0.00e 

100% WF BREAD + FL 9.27 ± 0.01c 

Values are Mean plus or minus standard deviation (SD) with the same 

superscripts in the column are not significantly different (p>0.05). 

KEY:  

WF = Wheat Flour 

CYF = Cocoyam Flour 

FL = Cocoa powder (Phenolic source) 

 

Overall, the sensory evaluation indicates that while cocoyam-based 

breads can be nutritionally beneficial, achieving consumer acceptance 

may require careful formulation and blending strategies to enhance 

sensory characteristics. This aligns with research suggesting that 

sensory qualities are critical for market acceptance of novel food 

products. 39, 40 Addressing these sensory challenges will be essential 

for promoting cocoyam-based products to health-conscious 

consumers seeking nutritious alternatives to traditional bread.  

 

Proximate analysis of the composite bread. 

Table 4 presents the detailed results of the proximate analysis 

conducted on the various formulations of composite bread as well as 

the control bread sample. The findings indicate that there were 

significant differences (p<0.05) in several nutritional parameters when 

the values for the composite breads were compared with the control 

sample made entirely from wheat flour (100% WF bread). Notably, a 

significant increase was recorded in the values of moisture content 

particularly in the 100% CYF (cocoyam flour) bread along with 

increases in fat and crude protein contents of the composite bread 

samples. 

The moisture content, expressed in percentage, demonstrated a distinct 

pattern among the bread formulations, reflecting the influence of 

cocoyam flour on water retention properties of the bread. The 

moisture content values followed this specific trend: 100% CYF bread 

(22.39 ± 0.07g %) > 100% WF bread (18.15 ± 0.13f %) > commercial 

bread (14.54 ± 0.06e %) > 100% CYF bread + FL > 20% CYF + 80% 
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WF bread + FL (13.72 ± 0.09d %) > 50% CYF + 50% WF bread + FL 

(12.01 ± 0.04e %) > 10% CYF + 90% WF bread + FL (11.26 ± 0.06b 

%) > 100% WF bread + FL (8.85 ± 0.08a %). These values fall within 

the moisture content range previously reported for composite bread 

blends made from soy-cheese and wheat flour, as documented by 

Odedeji et al. 41 Low moisture content is often desirable in wheat 

flour-based products, as it helps to enhance shelf life by inhibiting the 

growth of mould and minimizing chemical reactions that can degrade 

product quality. 42 

 

 

Table 3: Results of aroma, Taste, Texture, Colour and general acceptability of the composite bread 
 

Samples Aroma Taste Texture Colour General Acceptability 

 COMMERCIAL BREAD 6.76 ± 0.18e 4.04 ± 0.17bc 4.92 ± 0.15d 5.20 ± 0.07b 5.56 ± 0.22d 

100% WF BREAD 4.28 ± 0.25a 4.36 ± 0.21c 5.16 ± 0.22e 6.48 ± 0.19d 5.40 ± 0.22cd 

100% CYF BREAD 4.68 ± 0.18b 3.84 ± 0.18b 4.16 ± 0.17b 4.56 ± 0.18a  4.28 ± 0.17b 

100% CYF BREAD + FL 5.52 ± 0.27d 4.08 ± 0.23bc 4.20 ± 0.28b 5.92 ± 0.23c 4.56 ±1.36b 

50% CYF + 50% WF BREAD + FL 4.48 ± 0.21ab 3.36 ± 0.20a 3.34 ± 0.23a 4.76 ± 0.18ab 3.92 ± 0.19a 

20% CYF + 80% WF BREAD + FL 5.00 ± 0.23c 4.48± 0.25c 4.44 ± 0.28bc 5.32 ± 0.20b 5.12 ± 0.22c 

10% CYF + 90% WF BREAD + FL 4.92 ± 0.26c 4.48 ± 0.23c 4.52 ± 0.25c 5.64 ± 0.19b 5.20 ± 0.18c 

100% WF BREAD + FL 4.71 ± 3.39bc 4.63 ± 0.26cd 4.38 ± 0.17bc 5.63 ± 0.23b 5.29 ± 0.18c 

Values are Mean plus or minus standard deviation (SD) with the same superscripts in the same column are not significantly different (p>0.05). 

KEY:  

WF = Wheat Flour 

CYF = Cocoyam Flour 

FL = Cocoa powder (Phenolic source) 

 

Table 4: Results of proximate composition of composite bread (%) 
 

Samples   Moisture   Ash   Fat   Fibre   Crude Protein   CHO 

COMMERCIAL BREAD 14.54 ± 0.06e  0.50 ± 0.01a  3.24 ± 0.04a 1.80 ± 0.02a 10.63 ± 0.16b 69.29h ± 0.02h 

100% WF BREAD 18.15 ± 0.13f 0.90 ± 0.01b  4.07 ± 0.04b 2.60 ± 0.01b 14.12 ± 0.16f 59.53 ± 0.03a 

100% CYF BREAD 22.39 ± 0.07g 0.53 ± 0.03a 3.66 ± 0.09a 4.60 ± 0.01c 8.38 ± 0.17a 60.44 ± 0.09b 

100% CYF BREAD + FL 14.60 ± 0.12e 0.83 ± 0.02ab  6.24 ± 0.03c 4.00 ± 0.07bc 11.00 ± 0.06c 63.33 ± 0.19d  

50% CYF + 50% WF BREAD + FL 12.01 ± 0.04c 0.20 ± 0.06a 7.46 ± 0.29d 4.50 ± 0.01c 14.50 ± 0.03f 61.33 ± 0.03c  

20% CYF + 80% WF BREAD + FL 13.72 ± 0.09d 0.90 ± 0.03b  7.83 ± 0.07d 3.60 ± 0.05c 11.50 ± 0.09c 63.26 ± 0.17d  

10% CYF + 90% WF BREAD + FL 11.26 ± 0.06b 0.86 ± 0.03b 4.56 ± 0.29b 4.50 ± 0.04c 13.25 ± 0.11e 65.57 ± 0.13f 

100% WF BREAD + FL 8.85 ± 0.08a 0.65 ± 0.02ab 6.13 ± 0.29c 3.00 ± 0.02bc 12.75 ± 0.01d 68.62 ± 0.12g 

CHO CONTENT = TOTAL CARBOHYDRATE 

Values are Mean plus or minus standard deviation (SD) with the same superscripts in the same column are not significantly different (p>0.05). 

CHO = Total Carbohydrates. 

KEY:  

WF = Wheat Flour 

CYF = Cocoyam Flour 

FL = Cocoa powder (Phenolic source) 

 

With regard to ash content, the results in Table 4 revealed no 

statistically significant difference (p>0.05) among the various 

composite breads. Nevertheless, there was a slight increase in ash 

content with higher levels of wheat flour substitution by cocoyam 

flour. This reflects the mineral contribution of cocoyam to the bread, 

although the differences were not pronounced enough to be considered 

statistically significant. 

The fat content of the composite bread samples also displayed an 

increasing trend in line with the increasing level of cocoyam flour 

substitution, with the notable exception of the 10% CYF + 90% WF 

bread + FL formulation. In contrast, the 20% CYF + 80% WF bread + 

FL sample recorded a higher fat content of 7.83 ± 0.07d%, reflecting 

the combined lipid contribution of cocoyam and cocoa powder. This 

observation aligns with findings by Vossen et al. 43 who reported that 

fat-congruent flavours can enhance the sensory perception of fat in 

food products, especially in protein-lipid blends such as drinks and 

baked goods. Fibre analysis showed a significant (p<0.05) increase in 

crude fibre content across the composite bread samples compared with 

the 100% WF control. The values clearly demonstrated a direct 

relationship between fibre content and the level of cocoyam flour 

inclusion. Specifically, fibre content ranged from the lowest value in 

the commercial bread sample (1.80 ± 0.02a%) to the highest in the 

100% CYF bread (4.60 ± 0.01c%). This finding is consistent with the 

report by Ashaye et al. 44 on biscuit formulations incorporating 

cassava and pigeon pea flours. Crude fibre plays a vital physiological 

role by promoting digestive health and binding dietary fats in the 

gastrointestinal tract. This binding capacity can help reduce the risk of 

lifestyle-related health conditions such as obesity, diabetes mellitus, 

and cardiovascular diseases. 45 

In terms of protein content, there was a statistically significant 

(p<0.05) increase in the crude protein levels of the composite bread 

samples relative to the 100% WF control bread. The trend in protein 

content followed this descending order: 50% CYF + 50% WF bread + 
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FL (14.50 ± 0.03f %) > 100% WF bread (14.12 ± 0.16f %) > 10% 

CYF + 90% WF bread + FL (13.25 ± 0.11e %) > 100% WF bread + 

FL (12.75 ± 0.01d %) > 20% CYF + 80% WF bread + FL (11.50 ± 

0.09c %) > 100% CYF bread + FL (11.00 ± 0.06c %) > commercial 

bread (10.63 ± 0.02b %) > 100% CYF bread (8.38 ± 0.17a %). The 

observed variations in protein content can be attributed to the naturally 

high protein level present in cocoyam, as well as the interactive effects 

of cocoa powder addition and flour ratio. The increasing protein levels 

in the composite breads, particularly those with a balanced proportion 

of CYF and WF, mirror the findings by Genga- Fabusiwa et al.46 on 

biscuits made from pigeon pea-wheat composite flour, and by others 

who investigated millet-pigeon pea-based confectioneries. 47 Finally, 

the carbohydrate content of the bread samples varied inversely with 

protein and moisture contents, as expected. The carbohydrate 

percentage ranged from 100% CYF bread (59.29 ± 0.03a %) to 100% 

WF bread + FL (68.62 ± 0.12g %), with 100% WF bread recording the 

highest value at 69.29 ± 0.02h %. These variations reflect the typical 

trade-offs in proximate composition as a result of ingredient 

substitution and the functional roles of individual components. 

However, the carbohydrate values obtained in this study remain within 

the range reported for bread products formulated from plantain-wheat 

composite flours. 24 

 

Determination of mineral contents of the composite bread  

Table 5 presents the results of the mineral content analysis of the 

various composite breads, with values expressed in milligrams per 100 

grams (mg/100g). The data clearly reveal that the composite breads 

formulated using blends of cocoyam flour (CYF) and wheat flour 

(WF) exhibit significant differences in the levels of certain 

macronutrients and micronutrients when compared to the control 

samples. Specifically, there was a statistically significant difference 

(P<0.05) in the concentrations of macronutrients such as potassium 

(K) and calcium (Ca), whereas the magnesium (Mg) content did not 

show a significant variation. Furthermore, the composite breads 

demonstrated significantly higher levels of the micronutrient iron (Fe), 

while copper (Cu) and zinc (Zn) contents showed no significant 

difference (p>0.05) across the samples. 

 

Table 5: ineral Compositions of the composite bread mg/100g) 

Samples      K        Cu      Fe       Zn       Ca         Mg  

COMMERCIAL BREAD 1.60 ± 0.04a 2.10 ± 0.12b 4.90 ± 0.18a 0.67 ± 0.06ab 1.40 ± 0.27b  0.85 ± 0.61b 

100% WF BREAD 1.80  0.05a  1.40 ± 0.00ab 5.30 ± 0.00b 1.54 ± 0.06c 1.44  0.33b   0.35 ± 0.90a 

100% CYF BREAD 5.81  0.29e  0.89 ± 0.06a 5.90 ± 0.55bc 0.78 ± 0.00b  2.70  0.56c 0.82  0.25b 

100% CYF BREAD + FL 5.97  0.06e 0.82 ± 0.00a 5.02 ± 0.12b 0.92 ± 0.12b 1.56 ± 0.15b 1.02  0.09c 

50% CYF + 50% WF BREAD + 

FL 

4.10  0.15d 1.15 ± 0.09ab 7.47 ± 0.15d 0.38 ± 0.09a 4.16  0.40d 0.84  0.05b  

20% CYF + 80% WF BREAD + 

FL 

3.10  0.35c 1.50 ± 0.06ab 6.21 ± 0.12c 0.55 ± 0.01a 0.74  0.18a 0.37  0.28a 

10% CYF + 90% WF BREAD + 

FL  

2.26  0.67b 2.30 ± 0.20b 11.10 ± 0.23e 0.91 ± 0.17b 1.68 ± 0.64b 0.71  0.35b 

100% WF BREAD + FL 3.86 ± 0.07d 0.93 ± 0.02a  6.52 ± 0.58c 0.39 ± 0.12a  1.38  0.16b 0.52  0.01a  

Values are Mean plus or minus standard deviation (SD) with carrying the same superscripts in the same column are not significantly different (p>0.05).  

KEY:  

WF = Wheat Flour 

CYF = Cocoyam Flour 

FL = Cocoa powder (Phenolic source). 

 

The trend observed in the copper (Cu) content among the bread 

samples is as follows: 10% CYF + 90% WF bread + FL (2.30 ± 0.20ᵇ 

mg/100g) > commercial bread (2.10 ± 0.12ᵇ mg/100g) > 20% CYF + 

80% WF bread + FL (1.50 ± 0.06ᵃᵇ mg/100g) > 100% WF bread (1.40 

± 0.00ᵃᵇ mg/100g) > 50% CYF + 50% WF bread + FL (1.15 ± 0.06ᵃᵇ 

mg/100g) > 100% WF bread + FL (0.93 ± 0.02ᵃ mg/100g) > 100% 

CYF bread (0.89 ± 0.06ᵃ mg/100g) > 100% CYF bread + FL (0.82 ± 

0.00ᵃ mg/100g). Regarding iron (Fe), the results show a significant 

increase (p<0.05) in all the composite bread samples when compared 

to the control (100% WF bread). The trend of increasing Fe content is 

as follows: commercial bread (4.90 ± 0.18ᵃ mg/100g) < 100% CYF 

bread + FL (5.02 ± 0.12ᵇ mg/100g) < 100% WF bread (5.30 ± 0.00ᵇ 

mg/100g) < 100% CYF bread (5.90 ± 0.55ᵇᶜ mg/100g) < 20% CYF + 

80% WF bread + FL (6.21 ± 0.12ᶜ mg/100g) < 100% WF bread + FL 

(6.52 ± 0.58ᶜ mg/100g) < 10% CYF + 90% WF bread + FL (11.10 ± 

0.23ᵉ mg/100g). 

For zinc (Zn), there was a statistically significant decrease (p<0.05) in 

the content across all composite bread samples compared to the 

control, which is the 100% WF bread (1.54 ± 0.06ᶜ mg/100g). 

According to Wang et, al. 48, enhancing zinc levels in wheat and its 

derived food products is a practical approach to combating zinc 

deficiency in humans, a condition linked to a range of health 

complications. Additionally, the calcium (Ca) content did not show a 

significant difference (p>0.05) in most of the composite breads 

compared to the control, except for two formulations: 100% CYF 

bread (2.70 ± 0.56ᶜ mg/100g) and 50% CYF + 50% WF bread + FL 

(4.16 ± 0.40ᵈ mg/100g), which were significantly higher than the 

control sample (1.40 ± 0.27ᵇ mg/100g). Magnesium (Mg) content in 

the composite breads exhibited a significant increase (p>0.05) 

compared to the control. The highest magnesium concentration was 

found in the 100% CYF bread + FL sample (1.02 ± 0.09ᶜ mg/100g), 

while the 100% WF bread had the lowest value (0.35 ± 0.09ᵃ 

mg/100g). 

The results for potassium (K), as shown in the table, revealed a 

marked and significant increase in all the cocoyam/wheat flour 

composite bread samples in comparison with the commercial bread, 

which served as the control. The order of increasing potassium 

concentration is as follows: 100% CYF bread + FL (5.92 ± 0.06ᵉ 

mg/100g) > 100% CYF bread (5.81 ± 0.29ᵉ mg/100g) > 50% CYF + 

50% WF bread + FL (4.10 ± 0.15ᵈ mg/100g) > 100% WF bread + FL 

(3.86 ± 0.07ᵈ mg/100g) > 20% CYF + 80% WF bread + FL (3.10 ± 

0.35ᶜ mg/100g) > 10% CYF + 90% WF bread + FL (2.26 ± 0.67ᵇ 

mg/100g) > 100% WF bread (1.80 ± 0.05ᵃ mg/100g) > commercial 

bread (1.60 ± 0.04ᵃ mg/100g). It has been reported that cocoyam-

wheat flour breads are rich in potassium. Potassium plays a vital role 

in maintaining normal cellular function, enabling proper nerve 

transmission, and facilitating muscle contraction. 49 The increased 

potassium content in the composite breads could therefore enhance 

these physiological functions. The study further indicates that the 
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potassium content increased proportionally with the level of cocoyam 

flour supplementation in the bread formulations. 

Moreover, it has been well-established that adequate dietary intake of 

potassium provides protective effects against a range of chronic health 

conditions such as high blood pressure, stroke, kidney failure, cardiac 

disorders, and osteoporosis, especially when potassium intake is 

balanced with a low sodium diet. 50, 51 

 

 

 

Alkaloids, phytate and tannin contents of the composite bread. 

Table 6 reveals the result of the phytochemical compounds screening 

of the cocoyam/wheat flour composite bread. It was revealed that 

these phytochemicals; Flavonoid, Alkaloid, Phytate, and Tannin are 

present in all the samples of bread except flavonoid that are absent in 

commercial bread, 100% WF bread and 100% CYF bread, however, 

Saponin, Glycoside, Phenol and Terpenoids were absent in all the 

samples of composite bread. Phytochemicals are naturally occurring 

compounds in plants that can provide protective health benefits to 

humans. While some phytochemicals also function as essential  

 

Table 6: Qualitative screening of phytochemical compounds in cocoyam / wheat flour composite bread. 

Name Commercial 

bread 

100% WF 

bread 

100% CYF 

bread 

100% CYF 

bread + FL 

50% CYF + 

50% WF 

bread + FL 

20% CYF + 

80% WF 

bread + FL 

10% CYF + 

90% WF 

bread + FL 

100% WF 

bread + FL  

FLAVONOID -ve -ve -ve +ve +ve +ve +ve +ve 

 

ALKALOID +ve +ve +ve +ve +ve +ve +ve +ve 

SAPONIN -ve -ve -ve -ve -ve -ve -ve -ve 

PHYTATE +ve +ve +ve +ve +ve +ve +ve +ve 

GLYCOSIDE -ve -ve -ve -ve -ve -ve -ve -ve 

TANIN +ve +ve +ve +ve +ve +ve +ve +ve 

PHENOL -ve -ve -ve -ve -ve -ve -ve -ve 

TERPENOID --ve -ve -ve -ve -ve -ve -ve -ve 

KEY:  

WF = Wheat Flour 

CYF = Cocoyam Flour 

FL = Cocoa powder (Phenolic source) 

 

vitamins, many serve to protect the body's cells from oxidative 

damage caused by environmental toxins and the natural by-products of 

metabolic processes. 52 Flavonoids, a prominent group of 

phytochemicals, are categorized based on their chemical structures. 

These compounds are widely found in medicinal herbs, which have 

traditionally been utilized for managing chronic conditions such as 

type-2 diabetes. Among the various phytochemicals, flavonoids and 

their derivatives have gained particular attention due to their potential 

hypoglycaemic effects. 53 

The phytate content of the composite bread blends was evaluated and 

the results are shown in Table 7, expressed in milligrams per gram 

(mg/g). The analysis indicated that there was no significant difference 

(p>0.05) in the phytate content of all the composite bread samples 

when compared to the control sample, which is the 100% wheat flour 

(WF) bread (3.76 ± 0.03ᶜ mg/g), as well as the commercially available 

bread (1.71 ± 0.03ᵃ mg/g). The trend observed in the phytate content 

across the composite bread formulations follows this sequence:100% 

cocoyam flour (CYF) bread (3.79 ± 0.07ᶜ mg/g) > 100% WF bread + 

FL (3.77 ± 0.02ᶜ mg/g) > 20% CYF + 80% WF bread + FL (3.77 ± 

0.03ᶜ mg/g) > 10% CYF + 90% WF bread + FL (3.76 ± 0.01ᶜ mg/g) > 

100% WF bread (3.76 ± 0.03ᶜ mg/g) > 100% CYF bread + FL (2.79 ± 

0.02ᵇ mg/g) > 50% CYF + 50% WF bread + FL (2.78 ± 0.03ᵇ mg/g) > 

commercial bread (1.71 ± 0.03ᵃ mg/g). 

Phytate, also known as phytic acid, has been shown to exhibit anti-

cancer properties. 54 It also acts as a natural antioxidant in foods, 

helping to prevent oxidative damage. 55 Furthermore, dietary phytate 

has been reported to reduce blood glucose levels by slowing down the 

rate of starch digestion and delaying gastric emptying, thereby 

modulating postprandial blood sugar spikes. 56 Although cocoyam is a 

nutritious food source, it contains certain antinutritional factors, 

including phytate, that may limit its utilization. However, it is 

noteworthy that such antinutrients can be significantly reduced 

through thermal processing techniques. 57 Consequently, evaluating 

the phytate levels in cocoyam/wheat flour composite breads is not 

only important for determining their nutritional value but also crucial 

in understanding their potential health benefits. The findings from this 

study show that phytate content in the composite breads tends to 

increase with the proportion of wheat flour substitution. Additionally, 

the phytate values in these composite breads are generally lower when 

compared to those found in unfermented white cassava products, 58 

and breads made from cocoa powder-flavoured, yellow-fleshed 

cassava/wheat flour composite blends. 59 

The tannin content of the composite breads, also presented 

in Table 7 and expressed in mg/g, reveals a general decline in tannin 

levels when compared with the control sample of 100% WF bread. 

The order of tannin content among the various samples is as follows: 

commercial bread (3.14 ± 0.45ᵃ mg/g) < 50% CYF + 50% WF bread + 

FL (3.61 ± 0.75ᵇ mg/g) < 10% CYF + 90% WF bread + FL (3.68 ± 

0.62ᵇ mg/g) < 100% CYF bread (3.91 ± 0.16ᶜ mg/g) < 100% WF 

bread + FL (3.93 ± 0.34ᶜ mg/g) < 100% CYF bread + FL (4.21 ± 1.60ᵈ 

mg/g) < 20% CYF + 80% WF bread + FL (4.29 ± 1.20ᵈ mg/g) < 100% 

WF bread (4.67 ± 0.42ᵉ mg/g). 

Tannins are known to possess various bioactive properties, including 

antiviral, 60 antibacterial, 61 and antiparasitic activities.62 Despite these 

benefits, the levels of tannin observed in the composite breads were 

generally lower compared to those found in bread products made from 

cocoa powder-flavoured, yellow-fleshed cassava/wheat flour 

composite flours. 59 In addition, the total alkaloid content, measured in 

mg/g and presented in Table 7, showed a statistically significant 

(p<0.05) increase in certain composite bread samples. Specifically, 

100% CYF bread + FL (8.20 ± 0.20ᵈ mg/g) and 50% CYF + 50% WF 

bread + FL (8.03 ± 0.34ᵈ mg/g) had significantly higher alkaloid 

contents when compared with the control sample, 100% WF bread 

(2.46 ± 0.42ᵃ mg/g). The trend of increasing alkaloid content across 

the bread samples is as follows: 100% CYF bread + FL (8.20 ± 0.20ᵈ 

mg/g) > 50% CYF + 50% WF bread + FL (8.03 ± 0.34ᵈ mg/g) > 

commercial bread (4.32 ± 0.63ᶜ mg/g) > 20% CYF + 80% WF bread + 
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FL (4.29 ± 0.67ᶜ mg/g) > 10% CYF + 90% WF bread + FL (4.05 ± 

0.15ᶜ mg/g) > 100% WF bread + FL (3.19 ± 0.51ᵇ mg/g) > 100% CYF 

bread (2.98 ± 0.17ᵃᵇ mg/g) > 100% WF bread (2.46 ± 0.42ᵃ mg/g). 

 

Table 7: Results of Phytochemical analysis (mg/g).   

Sample (Phytate) 

    

(Tannin) 

    

(Alkaloids) 

      

COMMERCIAL 

BREAD 

1.71 ± 0.03a 3.14 ± 

0.45a 

4.32 ± 0.63c 

100% WF BREAD 3.76 ± 0.03c 4.67 ± 

0.42e 

2.46 ± 0.42a 

100% CYF BREAD 3.79 ± 0.07c 3.91 ± 

0.16c 

2.98 ± 0.17ab 

100% CYF BREAD + FL 2.79 ± 0.02b 4.21 ± 

1.60d 

8.20 ± 0.20d 

50% CYF + 50% WF 

BREAD + FL 

2.78 ±0.03b 3.61 ± 

0.75b 

8.03 ± 0.34d 

20% CYF + 80% WF 

BREAD + FL 

3.77 ± 0.03c 4.29 ± 

1.20d 

4.29 ± 0.67c 

10% CYF + 90% WF 

BREAD + FL 

3.76 ± 0.01c 3.68 ± 

0.62b 

4.05 ± 0.15c 

100% WF BREAD + FL 3.77 ± 0.02c 3.93 ± 

0.34c 

3.19 ± 0.51b 

Values are Mean plus or minus standard deviation (SD) with the same 

superscripts in the same column are not significantly different 

(p>0.05). 

KEY:  

WF = Wheat Flour 

CYF = Cocoyam Flour 

FL = Cocoa powder (Phenolic source) 

 

Alkaloids are known for their wide-ranging pharmacological effects. 

In the context of cocoyam/wheat flour composite breads, these 

compounds may contribute to potential anti-inflammatory and 

antimicrobial benefits. Scientific studies have shown that specific 

alkaloids can modulate immune responses and offer protection against 

microbial pathogens. 63 Plants, in general, serve as a rich reservoir of 

bioactive compounds with numerous therapeutic potentials. These 

include antiviral, anticancer, analgesic, antitubercular, 64 

antiproliferative, antibacterial, and antioxidant properties, which could 

be harnessed for drug development and health promotion. 65  

 Conclusion 

The data obtained from this study clearly demonstrated that the cocoa 

powder-flavored composite bread, developed through the 

supplementation of wheat flour (WF) with cocoyam flour (CYF), has 

the potential to serve as a cost-effective and health-promoting dietary 

option. The findings suggest that this composite bread formulation 

could offer a safe, affordable, and nutritionally advantageous 

alternative to conventional bread, especially in regions with limited 

access to wheat-based products. 

Remarkably, the complete substitution of wheat flour with cocoyam 

flour, coupled with the fortification using cocoa powder; represented 

by the 100% CYF + FL formulation led to a significant improvement 

in the overall nutritional profile of the bread. This enhancement was 

marked by increased levels of essential nutrients, including protein, 

crude fiber, ash content, and iron (Fe). In addition to these nutritional 

gains, the formulation exhibited notable antioxidant properties, 

attributed to the phytochemical constituents naturally present in both 

cocoyam and cocoa powder. Furthermore, the inclusion of cocoa 

powder in the composite bread did not only impart a pleasant flavor 

and aroma, which contributed to the product's sensory appeal, but also 

played a vital role in boosting its nutritional composition. The cocoa 

powder served as an additional source of phenolic compounds, thereby 

improving the antioxidant capacity and contributing to the functional 

quality of the final product. Despite these worthwhile research 

findings, the study acknowledges the need for further investigation to 

substantiate these outcomes. Specifically, controlled animal trials are 

recommended as a follow-up study to validate the nutritional and 

health benefits observed, particularly with regard to bioavailability, 

metabolic impact, and potential long-term health implications of 

regular consumption of the composite bread. 
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