QUALITY EVALUATION OF CAKES FROM WHEAT, ACHA, AND COCONUT RESIDUE FLOUR BLENDS


ABSTRACT
This study evaluated the functional, proximate, physical, and sensory properties of cakes produced from wheat, “acha” (Digitaria exilis), and coconut residue flour blends. Four formulations were prepared: 100% wheat (control), 80:15:5, 75:20:5, and 70:25:5 (wheat–acha–coconut residue). The produced cake samples were subjected to functional, proximate, physical, and sensory analysis using standard procedures. Functional properties revealed that incorporation of “acha” and coconut residue significantly (p<0.05) enhanced water and oil absorption capacities. Proximate composition showed notable variations across samples, with protein content ranging from 8.44% in the control to 11.60% in the 70:25:5 blend, fat from 16.90% to 27.00%, crude fibre from 0.93% to 3.09%, and ash from 1.65% to 1.94%, while carbohydrate content decreased from 58.24% to 41.61%. Physical properties indicated a reduction in weight (81.10–51.10 g) and volume (102.70–78.60 cm³) in composite cakes relative to the control, whereas specific volume improved in blends containing 15–25% “acha” and 5% coconut residue (1.53–1.55 cm³/g). Sensory evaluation showed that the control was most preferred, but cakes with up to 25% “acha” and 5% coconut residue (sample D) maintained high acceptability scores, particularly for taste (8.70) and overall acceptability (8.65). The findings demonstrated that partial substitution of wheat with “acha” and coconut residue flour improved nutritional quality while maintaining satisfactory sensory and physical attributes. The blend of 70% wheat, 25% “acha”, and 5% coconut residue is recommended for producing nutritionally enhanced and consumer-acceptable cakes.
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1.0					INTRODUCTION
Conventionally, cakes are prepared from wheat flour due to its desirable functional properties, especially the presence of gluten, which contributes to the structure and elasticity of baked goods (Adeyeye et al., 2021). However, the growing dependence on imported wheat in developing countries such as Nigeria presents economic challenges, including high foreign exchange demand and food insecurity. Consequently, there is increasing interest in the use of composite flours, derived from blends of wheat with locally available, underutilized, or agro-industrial by-products, to reduce over-reliance on wheat and promote the utilization of indigenous crops (Lungaho et al., 2025).
“Acha” (Digitaria exilis), also known as fonio, is a highly nutritious and underutilized cereal indigenous to West Africa. It is rich in essential amino acids such as methionine and cysteine, which are deficient in most cereals, and also contains appreciable amounts of iron, calcium, and dietary fibre (Adedayo et al., 2022). “Acha” has a low glycemic index, making it suitable for diabetic and health-conscious individuals, and has gained attention in functional food development due to its antioxidant potential and gluten-free nature (Bamiduro et al., 2021). Blending acha with wheat flour in cake production can improve the nutritional profile of the product while supporting local agriculture and biodiversity conservation.
Coconut residue flour, a by-product obtained after extracting coconut milk or oil, is another promising ingredient in composite flour technology. It is high in dietary fibre, particularly insoluble fibre, and contains beneficial phytochemicals such as phenolics and antioxidants (Makinde and Eyitayo, 2019). Incorporation of coconut residue flour in baked products has been shown to enhance water absorption capacity and impart health benefits such as improved gut health and reduced risk of cardiovascular diseases (Adeoti et al., 2023). Moreover, utilizing coconut residue as a food ingredient aligns with current trends in sustainable food processing by promoting waste reduction and resource optimization.
The combination of wheat, acha, and coconut residue flours in cake formulation presents a novel approach to improving the nutritional, functional, and sensory qualities of cakes. Previous studies have indicated that cakes made from composite flours can retain acceptable sensory attributes when substitution levels are carefully optimized  (Eadmusik et al., 2022). Furthermore, functional properties such as bulk density, oil absorption, and emulsifying capacity are crucial in determining the final quality of baked products and are influenced by the type and proportion of flour components used. The broad objective of this study was to evaluate the quality of cakes from wheat, acha, and coconut residue flour blends. 
2.0        Materials and Methods
[bookmark: _Toc183650787]2.1       Source of Raw Materials
Wheat flour, acha, coconut, and other ingredients necessary for cake production were bought from the Railway market, Makurdi, Benue State, Nigeria. These raw materials and ingredients were taken to the laboratory for processing. All equipment used was obtained from the Department of Food Science and Technology laboratory, Joseph Sarwuan Tarka University, Makurdi, Benue State.
[bookmark: _Toc183650788]2.2       Sample Preparation
2.2.1	Production of acha flour
The procedure outlined by Ayo et al. (2018) was modified to prepare the “acha” flour. The grains were manually sorted to remove unwanted materials, sieved, and washed in clean water to remove dust, chaff, and other foreign materials (by decanting them as they floated on top of the water). The water was drained off using a sieve, and the grains were dried in a hot oven (Belco industries; electric Bakery oven) at 60 oC for 5h, milled using an attrition mill, sieved through a 0.20mm aperture screen, packaged (polyethylene), and stored under room temperature. 
2.2.2	Preparation of coconut residue flour 
Coconut residue flour was prepared as described by Eadmusik et al. (2022). Coconut was husked, shelled, pared, washed, and then grated. Through the grating process, coconut milk was extracted and then spun. The coconut residue obtained was defatted. Coconut residue flour was prepared by drying coconut residue, a by-product from coconut milk extraction, at 55 oC for 9 h (moisture content less than 5%) and ground with a blender (Buono-17778P, Taiwan) at 24,000 rpm for 40 s to a fine powder. It was then sieved through a 0.5 mesh sifter, vacuum-packed in aluminum foil packs, and stored in 4 oC until needed for analysis.
2.3	Production of Cake
Cup-cakes were produced using four blend formulations prepared as follows: 100% wheat (control), 80:15:5, 75:20:5, and 70:25:5 (wheat–acha–coconut residue). Sugar and butter were mixed according to the method as described by Abegunde et al. (2019) with slight modification. Wheat flour (60%), sugar (5%), shortening (5%), baking powder (3%), and 4 eggs were used. The baking fat and granulated sugar were creamed together with the mixer for 20 minutes until light. The eggs were beaten for 5 minutes with the homogenizer. These were mixed with milk and water in proportion and poured into greased cupcake pans. These were placed in the oven and baked at a temperature of 190°C for 15 minutes. The cakes were cooled and removed from the pan after 1h. The cooled cakes were then packaged in aluminium foil and kept in the refrigerator until required for sensory evaluation.
2.4      Determination of Functional Properties
[bookmark: _Toc89953537][bookmark: _Toc183650795]2.4.1 	Water absorption capacity 
The method described by Onwuka (2005) was used. 1 g of the flour sample was weighed into a 15 ml centrifuge tube and suspended in 10 ml of water. It was shaken on a platform tube rocker for 1 minute at room temperature. The sample was allowed to stand for 30 min and centrifuged (Model SM 800B Uniscope Surgifriends Medicals, England) at 500 rpm for 30 min. The volume of free water was read directly from the centrifuge tube. The density of water was taken to be 1 g/cm3.

[bookmark: _Toc89953538][bookmark: _Toc183650796]2.4.2 Oil absorption capacity 
The method, as described by Onwuka (2005), was used. One gram (1g) of the flour was mixed with 10 ml of refined oil in a centrifuge tube and allowed to stand at room temperature (30 ± 2 °C) for 1 hr. It was centrifuged (Model SM 800B Uniscope Surgifriends Medicals, England) at 500 rpm for 30 min. The volume of free oil was recorded and decanted. Fat absorption capacity was expressed as ml of oil bound by 100 g dried flour. The density of oil was taken to be 0.98 g/cm3.

[bookmark: _Toc183650797][bookmark: _Toc89953539]2.4.3 Bulk density
The method described by Onwuka (2005) was adopted for the determination of bulk density. A graduated cylinder 10 ml was weighed and gently filled with 2g of the flour sample up to the 10 ml mark. The bottom of the cylinder was then tapped gently on a laboratory bench several times. This continued until no further diminution of the test flour sample in the cylinder after filling to the mark was observed. The weight of the cylinder plus flour was measured and recorded. Bulk density was expressed as: 
cm3     				
[bookmark: _Toc183650798]2.4.4 Swelling capacity (%) 
The swelling capacity (%) of the flour was determined based on the method described by Kakar et al. (2022). Five grams (5g) of the sample was transferred into a weighed graduated 50 mL centrifuge tube. Distilled water was added to give a total volume of 40 mL. The suspension was stirred uniformly with a stirrer, avoiding excessive speed, in order not to cause fragmentation of the starch granules. The sample was heated at 85°C in a thermostatically regulated temperature bath (Grant Instruments, England Ltd.) for 30 min with constant stirring. The tube was removed, wiped dry on the outside, and cooled to room temperature, then centrifuged for 15 min at 560 g (Mistral 3000i, UK). The solubility was determined by evaporating the supernatant in a hot air oven (BS Gallen Kamp, England), and the residue was weighed. The swelling volume was obtained by directly reading the volume of the swollen sediment in the tube. The sediment paste was weighed. The swelling capacity (%) was determined by the formula:


2.5	Determination of the Physical Properties 
The physical characteristics of the enriched cake were measured using the method reported by (AOAC, 2020) with slight modifications. Physical parameters that were measured included height, weight, volume, and specific volume. 
2.5.1	Cake Height
The height of the baked cake was measured at the Centre using a calibrated digital Vernier caliper. Measurements were taken from the base to the top of the cake and expressed in centimeters (cm).



	



2.5.2	Cake Weight
The weight of each cake was determined using a precision digital electronic weighing balance (±0.01 g accuracy). Each cake was weighed immediately after cooling to room temperature (25 ± 2 °C), and the weight was recorded in grams (g).
2.5.3	Cake Volume
The cup cakes' volume was calculated using the formula for the volume of a truncated cone, as shown below:
Volume (cm3) = 
Where:
V = volume (cm³)
π ≈ 3.1416
h = height of the cake (cm)
d = top diameter (cm)
b = bottom diameter (cm)	
2.5.4	Specific Volume of Cake
The specific volume of each cake sample was calculated by dividing the volume (cm³) obtained using the truncated cone equation by its weight (g), as shown in the equation below;
Specific Volume (cm3/g) = 
2.6 Determination of Proximate Composition of Cakes
The moisture content (hot air oven method), fat (Soxhlet extraction method), ash, protein (Kjeldahl method), and crude fibre were determined using the AOAC (2012) method. The carbohydrate content was determined by difference (Ihekoronye and Ngoddy, 1985).  
[bookmark: _Toc183650810]2.7     Sensory Evaluation of Cakes
The cake samples produced from the flour blends of wheat, acha, and coconut residue flour were subjected to sensory evaluation for the attributes of appearance, aroma, taste, mouthfeel, and overall acceptability. A semi-trained fifteen-member panel was used, comprising undergraduate students, and scores were allocated by the panelists based on a 9-point Hedonic scale, ranging from 1 (dislike extremely) to 9 (like extremely). The data collected were subjected to statistical analysis to determine possible differences among samples.
[bookmark: _Toc183650811]2.8     Statistical Analysis
The data generated was subjected to analysis of variance (ANOVA), and means were separated using Fisher’s Least Significance difference, while significant difference was tested at 5 % level of probability.
 3.0      Results and Discussion
 3.1       Functional Properties of Wheat, Acha, and Coconut Residue Flour Blends 
Table 1 shows that oil absorption capacity increased significantly (p<0.05) from 0.67 g/ml in sample A (100% wheat flour) to 0.89 g/ml in sample D (70% wheat flour: 25% acha flour: 5% coconut residue flour). The higher levels of acha flour increased the amount of hydrophobic sites and porous surface area available to bind lipids. The addition of coconut residue flour and acha flour contained more exposed protein fractions and fibrous matrices that increased oil absorption. This is consistent with the reports of Adsare and Annapure (2024); James and Krishnamoorthy (2025) on defatted/partially defatted coconut flour with higher OAC values ranging from 1.06 to 2.46g/g. 
Bulk density decreased with increasing substitution, indicating that blends with more acha and coconut residue became less dense (more voluminous per unit mass). This is explained by the typically lower particle packing and higher porosity of non-wheat flours (acha and coconut residue tend to produce coarser, lighter particles and higher inter-particle air spaces than refined wheat), and by the dilution of the fine, compact wheat starch matrix. Similar studies (Olapade and Oluwole, 2013; Mbaeyi-Nwaoha and Uchendu, 2016) on wheat–acha and wheat–coconut blends reported reduced bulk density with higher substitution levels. These authors reported bulk density, which ranged from 0.55 to 0.97 g/mL, supporting the present trend. 
Swelling capacity increased markedly with substitution from 2.14 to 3.05g/ml. Swelling power is governed mainly by starch composition and the presence of soluble polysaccharides and fibre that affect water uptake and granule swelling. Acha’s starch characteristics and the fibrous matrix from coconut residue promote greater water uptake and swelling in composite systems; several recent composite-flour studies (Deriu et al., 2022; Shakeela and Mohan, 2024) reported increased swelling or swelling index with the addition of non-wheat flours or residues. The various authors reported that swelling capacity varies by material and method but shows the same positive relationship with substitution. The increase in swelling capacity here parallels the increases in WAC and supports a picture of greater hydration and expansibility in the blended flours (Shakeela and Mohan, 2024). 
Table 1: Functional Properties of Wheat, Acha, and Coconut Residue Flour Blends
	Sample 
	 Oil Absorption Capacity (g/mL)
	Bulk density (g/g)
	Water Absorption Capacity (g/mL)
	Swelling capacity (g/mL)

	A
	0.67d±0.01
	0.69a±0.01
	0.96d±0.04
	2.14d±0.08

	B
	0.74c±0.01
	0.65ab±0.01
	1.09c±0.01
	2.45c±0.07

	C
	0.80b±0.02
	0.61bc±0.01
	1.19b±0.01
	2.75b±0.07

	D
	0.89a±0.01
	0.57c±0.01
	1.28a±0.03
	3.05a±0.07

	LSD
	0.05
	0.04
	0.07
	0.21


Values are means ± standard deviations of 3 replicates. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys
A = 100% wheat flour (control), B = 80% wheat flour+15% acha flour+5% coconut residues flour
C = 75% wheat flour+20% acha flour+5% coconut residues flour, D = 70% wheat flour+25% acha flour+5% coconut residues flour
3.2 Proximate Composition of Cakes
The results of the proximate composition of the cakes are presented in Table 2.
It showed significant differences across the blends, which can be attributed to the compositional variations introduced by the inclusion of acha and coconut residue flours. The progressive increase in protein content from 8.44% in the control (100% wheat) to 11.60% in the 70:25:5 wheat–acha–coconut blend was linked to the higher protein quality of acha, which is rich in essential amino acids such as methionine and cysteine (Abioye et al., 2021). This aligns with the findings of Ayo et al. (2014), who reported protein values in acha-based baked products ranging between 9.0% and 12.2%. The fat content, which rose from 16.90% in the control to 27.00% in the highest inclusion of acha and coconut residue flour, can be explained by the residual oil retained in coconut residue flour after milk extraction, as well as the natural lipid contribution from acha grains. Similar trends were documented by Ekunseitan et al. (2017), who observed fat values of 17–28% in baked products enriched with coconut derivatives.
The crude fibre content increased consistently with substitution levels, ranging from 0.93% in the control to 3.09% in the most substituted blend, attributable to the high fibre fraction of coconut residue, which is well-documented as a fibre-rich by-product (Raczyk et al., 2021). This is consistent with the fibre ranges of 1.2–3.5% reported for composite cakes enriched with coconut flour (Adsare and Annapure, 2024). Similarly, ash content increased slightly with supplementation (1.65–1.94%), reflecting the mineral contribution of acha and coconut residues, which are known to supply essential elements such as calcium, potassium, and iron (Ayo et al.,2018).
Moisture content, though not showing a clear linear trend, was generally within the range of 12.88% – 14.78%, values which are comparable to the 12–15% reported for cakes and cookies fortified with indigenous flours (Adegunwa et al., 2017). The variation may be linked to differences in the water absorption capacity of acha and coconut flour, as reported earlier in the functional properties table. Conversely, carbohydrate content decreased significantly from 58.24% in the control to 41.61% in the most substituted sample, which is expected since partial replacement with protein, fat, and fibre-rich acha and coconut residue reduced the carbohydrate fraction. This corroborates findings by Ogunnowo et al. (2024), who noted carbohydrate ranges of 42–57% in composite cakes developed from wheat and local crop flours.
Table 2: Proximate Composition (%) of Cakes from Wheat, Acha, and Coconut Residue Flour Blends
	Sample 
	Crude Protein
	Fat
	Crude Fibre
	Ash
	Moisture
	Carbohydrate

	A
	8.44d±0.18
	16.90d±0.42
	0.93d±0.04
	1.65c±0.01
	13.85ab±0.64
	58.24a±1.22

	B
	9.32c±0.18
	18.60c±0.28
	1.78c±0.11
	1.78b±0.03
	13.15b±0.85
	55.38b±0.31

	C
	9.98b±0.13
	23.75b±0.92
	2.20b±0.08
	1.88a±0.03
	12.88b±0.11
	49.33c±0.79

	D
	11.60a±0.30
	27.00a±0.28
	3.09a±0.09
	1.94a±0.01
	14.78ab±0.04
	41.61d±0.16

	LSD
	0.57
	1.51
	0.23
	0.06
	1.48
	2.07


Values are means ± standard deviations of 3 replicates. Means in the same column with different superscripts are significantly (P<0.05) different.
Keys
A = 100% wheat flour (control), B = 80% wheat flour+15% acha flour+5% coconut residues flour
C = 75% wheat flour+20% acha flour+5% coconut residues flour, D = 70% wheat flour+25% acha flour+5% coconut residues flour

3.3	Physical Properties of Cakes from Wheat, Acha, and Coconut Residue Flour Blends
Table 3 shows that cake weight ranged from 51.10 g in sample B to 81.10 g in sample A, volume ranged from 78.60 cm³ in sample C to 102.70 cm³ in sample A, while specific volume ranged from 1.24 cm³/g in sample C to 1.55 cm³/g in sample B.
Table 3: Physical Properties of Cakes from Wheat, Acha, and Coconut Residue Flour Blends
	Sample 
	Weight (g)
	Volume (cm3)
	Specific volume (cm3/g)

	A
	81.10a±3.25
	102.70a±1.27
	1.27b±0.04

	B
	51.10c±0.14
	79.30b±3.82
	1.55a±0.07

	C
	63.50b±0.71
	78.60b±0.85
	1.24b±0.03

	D
	52.80c±0.14
	80.60b±1.98
	1.53a±0.04

	LSD
	4.63
	6.34
	0.13


Values are means ± standard deviations of 3 replicates. Means in the same column with different superscripts are significantly (p<0.05) different.
Keys
A = 100% wheat flour (control), B = 80% wheat flour+15% acha flour+5% coconut residues flour, C = 75% wheat flour+20% acha flour+5% coconut residues flour, D = 70% wheat flour+25% acha flour+5% coconut residues flour.
3.4	Sensory Properties of Cakes from Wheat, Acha, and Coconut Residue Flour Blends
Table 4 shows that aroma ranged from 8.20 in sample B to 8.85 in sample A, appearance ranged from 7.90 in sample C to 8.75 in sample A, crumb ranged from 7.85 in sample C to 8.95 in sample A, taste ranged from 7.85 in sample C to 9.00 in sample A, while overall acceptability ranged from 8.00 in sample C to 9.00 in sample A.
The sensory performance of the composite cakes reflected the balance between nutritional enrichment and structural integrity. The control sample (A) consistently attained the highest ratings in aroma (8.85), appearance (8.75), crumb (8.95), taste (9.00), and overall acceptability (9.00), whereas the most substituted blend (C) exhibited the lowest scores in appearance (7.90), crumb (7.85), taste (7.85), and overall acceptability (8.00). These decrements are attributable to gluten dilution and higher fibre content from acha and coconut residue, which can impair gas retention, weaken crumb structure, and introduce coarse texture or off-flavours (Srivastava and Semwal, 2015). In studies on coconut–wheat composite cakes, it was observed that substitution levels beyond 25% led to firmer textures and reduced sensory scores, reflecting similar limitations (Afoakwah et al., 2019). Furthermore, in muffin formulations enriched with plant-derived flours, incremental substitutions improved nutritional content but constrained texture and mouthfeel, reducing panelists’ acceptance when the substitution exceeded 15% (Mkoko et al., 2025). The relatively strong scores for sample D (taste 8.70, overall acceptability 8.65) suggest that substitution up to 25% still retains acceptable sensory quality, a threshold echoed in numerous composite flour investigations where consumer acceptability remains viable at moderate levels (Tura et al., 2025). Thus, the sensory results aligned with prior evidence indicating that composite flour incorporation must remain within a limit to preserve desirable sensory attributes while achieving nutritional enhancement.
Table 4: Sensory Properties of Cakes from Wheat, Acha, and Coconut Residue Flour Blends
	Sample 
	Aroma
	Appearance
	Crumb
	Taste
	Overall acceptability

	A
	8.85a±0.37
	8.75a±0.44
	8.95a±0.22
	9.00a±0.00
	9.00a±0.00

	B
	8.20b±0.89
	8.45a±0.76
	8.50b±0.61
	8.65a±0.67
	8.50b±0.76

	C
	8.25b±0.72
	7.90b±0.85
	7.85c±0.99
	7.85b±0.99
	8.00c±0.79

	D
	8.60ab±0.50
	8.55a±0.51
	8.50b±0.61
	8.70a±0.47
	8.65ab±0.49

	LSD
	0.41
	0.42
	0.42
	0.40
	0.38


Values are means ± standard deviations of 20 replicates. Means in the same column with different superscripts are significantly (P<0.05) different.
Keys
A = 100% wheat flour (control), B = 80% wheat flour+15% acha flour+5% coconut residues flour
C = 75% wheat flour+20% acha flour+5% coconut residues flour, D = 70% wheat flour+25% acha flour+5% coconut residues flour
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Plate 1: Cakes from Wheat, Acha, and Coconut Residue Flour BlendsC

Conclusion and Recommendation
Proximate composition revealed increases in protein, fat, crude fibre, and ash as substitution levels of acha increased, while carbohydrate content decreased. Physical analysis demonstrated that the control sample (100% wheat) had the highest weight and volume, while composite cakes recorded reduced weights and volumes. However, specific volume improved with substitution, with samples B and D producing lighter cake structures relative to their mass. Sensory evaluation indicated that while the control was most preferred across attributes, cakes containing up to 25% acha and 5% coconut residue (sample D) retained good acceptability scores, particularly in taste and overall acceptability. A blend containing 70% wheat, 25% acha, and 5% coconut residue flour is recommended for commercial cake production, balancing nutrition with physical and sensory quality. Storage stability and microbial safety of cakes from these blends should be investigated to establish their commercial viability.
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