QUALITY AND SENSORY EVALUATION OF SOUP PREPARED FROM GERMINATED COWPEA FLOUR AND SELECTED SPICES



Abstract
Cowpea (Vigna unguiculata), a legume generally consumed in Nigeria, is an inexpensive source of protein which can be processed into many traditional domestic and industrial foods. Spices possess health and organoleptic properties. Germination improves the nutritional properties of foods. The combination of spices with germinated cowpea can be used as functional food to boost immunity and alleviate protein malnutrition. This study examined the quality and sensory acceptability of cooked soup made from germinated cowpea with added spices. A D-Optimal mixture design approach was employed to formulate twenty-five experimental runs for different levels of germinated cowpea flour and spices. The proximate, mineral composition and sensory analysis of its soup were evaluated according to a standardized procedure. The ranges of values for moisture, crude protein, total ash, crude fibre, crude fat and total carbohydrate of flour blends were 10.16-15.97%, 8.76-10.55%, 1.56-4.01%, 7.91-10.62%, 3.6-4.98%, and 59.28-62.88% respectively. The mean values varied from 31.24-121.17 mg/100g, 116.61-163.14 mg/100g, 1.99-3.17 mg/100g, 0.02-0.29 mg/100g, and 1.45-1.05mg/100g for calcium, magnesium, iron, lead and zinc respectively. The score of sensory attributes of soup ranges from 4.80-6.74, 4.86-6.84, 5.02-5.80, 5.45-7.24, 4.88-5.98, and 5.48-6.70 corresponding to appearance, aroma, thickness, taste and overall acceptability respectively. The results showed significant variations (p≤0.05) in the proximate, mineral composition of flour blends including the sensory attributes of the soup. Moreover, the spice blend significantly (p≤0.05) elevated the concentration of crude protein, total ash, crude fibre and crude fat of the flour blends. There was no significant effect (p≥0.05) on the total carbohydrate content between the blends and control. The incorporation of spices resulted in a notable improvement in the taste and aroma of the soup made from the blends. Therefore, the enriched soup has potential health benefits because of the increased nutritional value which could help to improve the nutritional wellness of individuals 
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1. INTRODUCTION
Legumes are essential sources of protein with other complex carbohydrates, and are able to substantially have a profound impact on reducing the risk of developing non-communicable diseases (Adeola et al., 2017). Cowpeas, scientifically known as Vigna unguiculata, are leguminous crops significantly cultivated in Nigeria which are of vital importance to their livelihood and wellness (Osipitan et al., 2021). According to USDA (2021), cowpea has been considered a nourished food abundant in nutritive value of protein (24%), dietary fibre (11%), and potassium (1112 mg/100 g) while low in lipids (<2%) and sodium (16 mg/100 g). Cowpea is processed into many relishing dishes in many Nigerian homes. Thus, cowpeas have the potentials to address the perennial problem of protein malnutrition in Nigeria. However, its protein digestibility is hindered by a number of factors. First, the presence of antinutrients (trysin inhibitor, tannin, phytic acid, among others) which either bind proteins to prevent their digestion or inhibit proteolytic enzymes. Second, the protective cell wall, as well as the interaction between legume proteins and other nutrients such as starch, further hinders digestibility by restricting proteolytic enzyme access (Bera et al., 2023). As a result, processing methods aimed at increasing the nutritional benefits that promote the health as well as the sensory properties are therefore inevitable in the efficient utilization of cowpeas. Germination is a locally developed processing approach which grain crops are soaked and then allowed to sprout. It has been reported to boost protein and fibre levels while also enhancing the antioxidant activity (Ariviani and Mudalifa, 2023). Germination cowpea seeds, particularly when hydrated can significantly boost the nutrient profile and the attributes of resulting product, making it a more nutritious food option (Affirfah et al., 2022). Germination period of 24 h at 25 °C has been recommended as optimal for cowpea seeds (Devi et al., 2015; Affrifah et al., 2022). Herbs and spices are two terms that are often used interchangeably, and they are aromatic vegetable substances used to change or enhance the physical, textural and organoleptic properties of foods (Ogbunugafor et al., 2017; Okunade et al., 2019). Research has highlighted the therapeutic effects of these spices, particularly in the treatment and management of chronic diseases such as cancer, diabetes, and cardiovascular diseases (Ogbunugafor et al., 2017; Nwokeke et al., 2019). The preparation of Nigerian cuisine often relies on ingredients such as ginger, garlic, cloves, turmeric and other spices to enhance flavour or add variety to diet. Soups are important types of food delicacies in the world. They are enjoyed by consumers of all social strata (Bassey et al., 2020). Many of the soups consumed in southwest Nigerian homes are prepared from plant-based foods. Soups aimed at boosting nutrition and immunity had been produced from soybean, corn, moringa and mushroom flour blends (Mohajan et al., 2018), soybean, mushroom, and moringa leaf flour blends (Farzhana et al., 2017). M. oleifera leaf powder can be utilized as a nutritional supplement by incorporating it into various food products including sauces and soups (Pop et al., 2022). Cloves, alligator pepper, and ginger have antimicrobial and antioxidant properties which are believed to have a curative effect on certain gastro-intestinal diseases due to the bioactive compound (eugenol and gingerol) present in them (Okunade et al., 2019; Ajanaku et al., 2023). Hence, combining spices with other nutritious food components might be exploited and used as functional foods to boost immunity and alleviate protein malnutrition.
As a result, this study aimed to investigate the impact of some spice addition on the chemical properties of composite flour made from germinated cowpea and sensory evaluation of its soup.
2. MATERIALS AND METHODS 
      2.1 Materials
Cowpea (Ife brown) variety was sourced from the Institute of Agricultural Research and Training in Ibadan, Oyo State. Fresh moringa leaves was collected from demonstration plot of the Department of Horticulture, Federal University of Agriculture, Abeokuta while alligator pepper, cloves with ginger were procured from Bode market, Ibadan, Oyo state. 
2.2 Methods
2.2.1 Production of flours
 (a) Production of germinated cowpea flour: The preparation of germinated cowpea flour followed the method outlined by Adeyoju et al. (2021). Ten kilograms of cowpea grains were soaked in 25 L of water at ambient temperature for 12 h. The grains were decanted and germinated for 24 h, after which they were washed, dehulled and dried at 60 oC for 48 h using laboratory carbinet dryer (WRH-300GB, China). Thereafter, the dried seeds were milled using blender (Silvercrest, SS-2002 Germany), it was left to cool and packaged. 
(b) Production of moringa leaf powder: Following the method of Mohajan et al. (2018), moringa leaf flour was successfully prepared.  Fresh leaves were sorted, washed and spread on a clean rack to drain and dried at room temperature for 72 h. It was then milled into flour using an electric blender.
 (c) Production of alligator pepper (Aframomum danielli) powder: The method of Nwachukwu et al. (2020) was adopted for the preparation of alligator pepper flour. About 1 kg of alligator pepper was weighed, the seeds were carefully sorted, washed and was dried at 40 oC using hot air oven for 12 h. it was grounded into flour using electric blender (Silvercrest Hi Performance power SS-2002 Germany). Polythene bag that was air tight was used as a package material.
(d) Production of clove (Syzgium aromaticum) powder: Clove flour was prepared according to the method described by Nwachukwu et al. (2020). About 1 kg of cloves were carefully sorted, washed and oven-dried at 60 oC for 12 h, grounded into fine flour, it was also packed into an air tight polythene bag.
(e) Production of ginger (Zingiber officinale) powder: The preparation of ginger powder followed the method reported by Bakare et al. (2016). 10.5kg of ginger roots were weighed, washed and peeled. Thinly sliced samples were oven-dried at 60 oC for 12 h and milled into flour. The powder was left to cool and packed into an air tight polythene bag until when needed.
2.3 Experimental Design 
Twenty-five experimental runs containing different blends of germinated cowpea, moringa leaf, alligator pepper, clove and ginger composite flour were generated using the D-optimal mixture design (Table 1). Each formulation generated for was thoroughly blended using a mixer (Silver crest, Hi performance blender SS-22002 Germany) to obtain a homogenous blend. 
2.4 Preparation of spiced germinated cowpea flour
The flour obtained from the spices were mixed thoroughly with the germinated cowpea flour using the formulation generated in Table 1.  
2.5 Chemical Analyses
The proximate composition of the flour samples was determined using AOAC (2010) method. Moisture content was determined using oven method, total ash was determined using by incinerating in a muffle furnace at 600 oC for 6 h, fat content was determined using soxhlet apparatus and petroleum ether as the solvent for extraction, protein content was analysed using Kjeldahl method, where the nitrogen content was converted to protein by multiplying by 6.25, crude fibre content was determined through a digestion and incineration process at 600 oC for 4 h. 
The mineral composition (Ca, Mg, Pb, Fe, and Zn) were determined according to the method described by AOAC (2010).
Calcium determination: The ash of each sample obtained was digested by adding 5 ml of 2 M HCl to the ash in the crucible and heated to dryness on a heating mantle. About 5 ml of 2 M HCl was added again, heated to boil, and filtered through a Whatman No. 1 filter paper into a 100 ml volumetric flask. The filtrate was made up to mark with distilled water and made ready for reading of concentration of calcium on the Jenway digital flame photometer (DFP7 Model) using the filter corresponding to each mineral element.
The concentration of each of the element was calculated using the formula in equation 14.	
						(1)

where MR × slope × dilution factor = Concentration in part per million (ppm or mg/kg). 
Determination of Mg, Fe, Pb and Zn: The digest of ash of each sample earlier  obtained in calcium determination was washed into 100 ml volumetric flask with deionised or distilled water and made up to mark. This diluent was aspirated into the Buck 200 Atomic Absorption Spectrophotometer (AAS) through the suction tube. Each of the trace mineral elements was read at their respective wavelengths with their respective hollow cathode lamps using appropriate fuel and oxidant combination.
Sensory evaluation: The method outlined by Mohajan et al. (2018) and Akinbule et al. (2021) were employed to sample preparations.The formulations were cooked to prepare soups (seasonings were added). About 300g of the sample each was suspended into 70 ml of water in a plastic container to make a slurry. Thereafter it was cooked with palm oil (100 ml) and seasoned to taste (salt and chicken flavour cube) by continuously stirring for 15 mins to produce hot gruel. The soups were subjected to sensory evaluation in the laboratory using a 120 panelists. Samples were coded and randomly served to the assessors who were requested to rate the soup. A sensory evaluation of soup was conducted by a panel of judges who assessed attributes including appearance, colour, aroma, thickness, taste, and overall acceptability. Ratings were recorded were on a 9- point hedonic scale ranging from 1 = (dislike extremely) to 9 (like extremely), with 5 indicating neutrality (neither like nor dislike).
2.6 Statistical Analyses
Data generated were determined using analysis of variance. Mean values differences were determined to be significant at p≤0.05 using Duncan’s multiple ranges using SPSS software version 20. 




Table 1: The formulations of blends from using D-optimal design
	Blends
	Germinated Cowpea Flour
	Moringa Leaf Powder
	Alligator Pepper Powder
	Clove Powder
	Ginger Powder

	1
	87.50
	1.00
	1.50
	5.00
	5.00

	2
	87.00
	2.00
	1.00
	6.00
	4.00

	3
	88.00
	1.00
	1.00
	4.00
	6.00

	4
	89.00
	1.00
	2.00
	4.00
	4.00

	5
	87.50
	2.00
	1.50
	4.00
	5.00

	6
	85.00
	3.00
	2.00
	4.00
	6.00

	7
	90.00
	1.00
	1.00
	4.00
	4.00

	8
	86.00
	1.00
	1.00
	6.00
	6.00

	9
	85.88
	1.88
	1.38
	6.00
	4.88

	10
	87.00
	1.00
	2.00
	4.00
	6.00

	11
	85.00
	3.00
	2.00
	4.00
	6.00

	12
	86.43
	1.86
	2.00
	4.86
	4.86

	13
	87.00
	1.00
	2.00
	6.00
	4.00

	14
	90.00
	1.00
	1.00
	4.00
	4.00

	15
	86.00
	1.00
	1.00
	6.00
	6.00

	16
	85.88
	1.88
	1.38
	4.88
	6.00

	17
	85.00
	3.00
	1.00
	6.00
	5.00

	18
	86.00
	3.00
	1.00
	4.00
	6.00

	19
	86.43
	1.86
	2.00
	4.86
	4.86

	20
	85.87
	3.00
	1.38
	4.88
	4.88

	21
	85.00
	3.00
	1.00
	5.00
	6.00

	22
	88.00
	3.00
	1.00
	4.00
	4.00

	23
	85.00
	3.00
	2.00
	6.00
	4.00

	24
	85.00
	3.00
	2.00
	6.00
	4.00

	25
	85.00
	1.00
	2.00
	6.00
	6.00




3. RESULTS AND DISCUSSION
The results of proximate analysis revealed variations in the flour blends as presented in Table 2. Significant (p≤0.05) differences were observed in the blends except for carbohydrate. Blends containing spices had higher contents of crude protein, fibre, fat, ash content than control sample (100% germinated cowpea flour). Moisture content mean value ranged from 10.16 to 15.97%. Monu et al. (2025) reported that the moisture content of sprouted cowpea decreased significantly from 11.45-10.00%. This was also observed in this study as moisture content decreased in flour blends. Low moisture content of the flour blends indicates a good quality and better shelf life (Oke et al., 2023). Additionally, it has been reported that low moisture content is a characteristic of foods with high dry matter and energy content (Gichuhi et al., 2014; Alam et al., 2016). Foods with high moisture level can result to microbes infestation which is also determined by the methods used in drying. 
Crude protein content ranges from 8.76 to 10.55%. Blends containing spices had higher contents of crude protein, this may be due to the added spices, which have been noted to contain minerals and protein and this is in agreement with findings of Mohajan et al. (2018). The rise in protein content is likely due to the synthesis of enzymes during germination, resulting in an increased production of amino acids. Protein plays a crucial role in growth and tissue repair making it a vital dietary component. Notably, Devi et al. (2015) reported that sprouting cowpeas for 24 hours resulted in a significantly enhanced their protein content and this was observed in this study. The range of values observed in the flour blends supports the findings of Souleymane et al. (2018) who reported value of 14.28-19.83% for protein on germinated cowpea flours. Therefore it is expected that blends containing germinated cowpea flour with spices recorded high protein content. Due to inherently high protein content of cowpeas, the blends exhibited remarkably similar protein levels. This may be explained that cowpea is an essential source of protein and its flour has been used as a substitute for composite flour. Ash content exhibit the state of mineral level and contribute to its functions even though large content could indicate contamination (Awoyale et al., 2015). Total ash content value ranged from 1.56 to 4.01%. Control flour recorded the lowest ash content. The ash content of 1.56% in germinated cowpea flour is similar to the findings of by Traoré et al. (2018) who reported ash content of 1.5%-2.5%. Obviously, flour blends exhibited a remarkably high ash content, the elevated ash content of blends containing spices can be explained by the fact that spices particularly cloves and moringa are rich in minerals, which contribute to the overall ash content and this support other studies (Mohajan et al., 2018). Research also indicates that moringa leaves exhibit a substantial ash content, varying between 8.05% and 10.38%, which is attributed to their high concentrations of potassium and calcium (Bairwa et al., 2024). The values observed in the ash content of flour blends is in the range of values (3.77-4.10%) reported by Dhiwilayo et al. (2023) who worked on effect of germination and roasting on finger millet, cowpea and orange maize. However, the high level of ash in the blends with spices may indicate high amount of mineral in the spices contained. Crude fibre ranged from 7.91 to 10.62%. Studies indicated that reported that certain spices, such as ginger, cloves, and moringa leaves, are notable sources of dietary fiber, with moringa leaves exhibiting an exceptionally high fiber content (Kustiani et al., 2024; Bairwa et al., 2024). The high value of crude fibre (10.62%) observed in the blends with spices (89:00:1.00:2.00:4.00:4.00) is advantageous as fibres in food help prevent the danger of metabolic diseases including irritable colon, cancer, diabetes (Oke et al., 2023). Crude fat content ranged from 3.60 to 4.98%. The values observed in the fat content of germinated cowpea flour is lower that the range of values (10.62-10.65%, 2.10-3.10%) reported by Ariviani and Mudalifa (2023) and Adeyoju et al. (2021) who worked on nutritional quality of sprouted cowpea flour. Previous studies indicated that sprouted cowpea and spices are generally low in fat (Devi et al., 2018; Teferi et al., 2024). Therefore, decrease in fat content in the flour blends could be attributed to inclusion of spices. The result of low fat contents in flour blends revealed that there is need to enrich the blends with essential fats or complement with good staple food. The fat reduction in the germinated cowpea is also attributed to the lipids used for the respiration process and also increase in lipolytic enzymes during hydrolysis of fat to fatty acids during germination (Nkhata et al., 2018; Chukwuemeka et al., 2022). Total carbohydrate content ranged from 59.28 to 62.88%. As spices were added to the flour blends the carbohydrate content decreased significantly, supporting the research of Devi et al. (2015) who observed lower carbohydrate levels in sprouted cowpea seeds after 24 h. These decreasing trends were also reported by other studies (Devi et al., 2015; Affrifah et al., 2022; Oke et al., 2023). The differences in the values observed could be explained that carbohydrate was used as a source of energy for seed development during sprouting. The increase in fibre and decrease in carbohydrate is attributed to hydrolysis of complex carbohydrate and release of glucose and other simple sugar by enzyme activities and this flour can used for product that could be of important in diabetes management.
The mineral composition of flour blends differed significantly (p≤0.05) with results summarized in Table 3. Minerals are one of the vital nutrients which contributes to some specific functions in the body in breaking down food, building and repairing body tissues and regulating body temperatures and other metabolic functions (Adeola et al., 2017).
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	Table 2: Proximate composition of blends of flour from germinated cowpea, moringa, alligator pepper, cloves and ginger
	Sample
	Moisture Content (%)
	Crude Protein (%)
	Total Ash (%) 
	Crude fibre (%)
	Crude fat (%)
	Carbohydrate (%)

	
	
	
	
	
	
	

	1
	12.66±0.08j
	9.79±0.04f
	3.78±0.04id
	9.86±0.03fg
	4.39±0.05h
	59.54±0.08b

	2
	12.06±0.05l
	9.71±0.03g
	3.87±0.04c
	9.83±0.02fgh
	4.64±0.01f
	59.91±0.04b

	3
	15.84±0.06b
	8.76±0.03o
	2.95±0.01j
	8.99±0.04k
	3.73±0.03m
	[bookmark: _GoBack]59.73±0.05b

	4
	10.16 ±0.05q
	10.55±0.02a
	3.93±0.02b
	10.62±0.01a
	4.98±0.02a
	59.76±0.06b

	5
	13.52±0.04h
	9.54±0.02i
	3.70±0.01ef
	9.70±0.03ghi
	4.27±0.02i
	59.28±0.04b

	6
	11.28±0.04l
	10.20±0.02d
	3.83±0.01c
	10.32±0.01abcd
	4.82±0.01c
	59.56±0.02b

	7
	14.88±0.05d
	9.15±0.01m
	3.30±0.01h
	9.26±0.03jk
	3.95±0.06k
	59.53±0.02b

	8
	14.79±0.04d
	9.14±0.04m
	3.28±0.02h
	9.25±0.03jk
	4.00±0.03k
	59.55±0.08b

	9
	12.41±0.04k
	9.91±0.03e
	3.86±0.02c
	9.97±0.02efg
	4.53±0.03g
	59.34±0.06b

	10
	14.22±0.04g
	9.44±0.04j
	3.26±0.03h
	9.50 ±0.03hij
	3.84±0.02l
	59.76±0.06b

	11
	11.28 ±0.04n
	10.20±0.02d
	3.83±0.01c
	10.32±0.01abcd
	4.82±0.01c
	59.56±0.02b

	12
	11.57±0.05m
	9.95±0.03e
	3.94±0.03b
	10.25±0.03bcde
	4.75±0.02e
	59.56±0.06b

	13
	10.41±0.04o
	10.31±0.03c
	3.99±0.02a
	10.36±0.02abcd
	4.91±0.03b
	60.03±0.06b

	14
	14.88±0.05d
	9.15±0.01m
	3.30±0.01h
	9.26±0.03jk
	3.95±0.06k
	59.53±0.02b

	15
	14.79±0.04d
	9.14±0.04m
	3.28±0.02h
	9.25±0.03jk
	4.00±0.03k
	59.55±0.08b

	16
	10.48±0.05o
	10.33±0.02c
	3.92±0.02b
	10.37±0.02abc
	4.90±0.01b
	60.02±0.03b

	17
	14.36±0.04f
	9.26±0.03l
	3.51±0.02g
	9.43±0.03ij
	4.10±0.02j
	59.36±0.06b

	18
	15.52±0.05c
	8.95±0.03n
	3.09±0.01i
	9.18±0.02jk
	3.82±0.02l
	59.46±0.04b

	19
	11.57±0.05m
	9.95±0.03e
	3.94±0.03b
	10.25±0.03bcde
	4.75±0.02e
	59.56±0.06b

	20
	15.97±0.04a
	8.80±0.03o
	2.70±0.01k
	9.45 ±0.70ij
	3.60±0.04n
	59.99±0.06b

	21
	10.31±0.03n
	10.40±0.03b
	4.01±0.01a
	10.50 ±0.02ab
	4.86±0.03c
	59.93±0.06b

	22
	12.35±0.04k
	9.37±0.02k
	3.77±0.01d
	10.01±0.01defg
	4.55±0.03g
	59.96±0.04b

	23
	13.17±0.06i
	9.61±0.03h
	3.67±0.01f
	9.79±0.03fgh
	4.30±0.03i
	59.47±0.04b

	24
	13.17±0.06i
	9.61±0.03h
	3.67±0.01f
	9.79±0.03fgh
	4.30±0.03i
	59.47±0.04b

	25
	11.66±0.05m
	9.97±0.02e
	3.74±0.02de
	10.10± 0.03cdef
	4.77±0.03de
	59.76±0.05b

	100%
	14.57±0.05e
	9.29±0.03l
	1.56±0.00l
	7.91±0.02l
	3.81±0.02d
	62.88±0.03b



	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Values are mean of 3 replicates
* Means marked with different superscripts within a column differ significantly at p ≤0.05
100% - germinated cowpea flour 
The mean values for calcium content varies from 31.24 to 121.17 mg/100g. Magnesium content ranges from 116.61 to 163.14 mg/100g.  Iron content ranges from 1.99 to 3.17 mg/100g. Lead content varies from 0.02 to 0.29 mg/100g. Zinc content ranges from 1.05 to 1.45 mg/100g. Zinc content which was highest in the flour blend with spice inclusion (85.00:3.00:1.00:5.00:6.00). Those values observed were continuously increased with the addition of other spices except for iron and zinc content which does not follow the same pattern, highest mean value was observed in the control flour (germinated cowpea flour). The levels of calcium, magnesium, iron increased significantly with an addition of other spices, particularly moringa, cloves and ginger, which is consistent with the findings of Malomo et al. (2017) on development of spiced instant ‘moinmoin’ from cowpea flour. Also this is in agreement with the some findings who reported moringa leaf, cloves, ginger, alligator pepper to be a great source of minerals (Ogbunugafor et al., 2017; Okunade et al., 2019; Adebisi et al., 2021). Leaching during steeping process may have contributed to the decreased zinc content in other flour blends as previously reported by Omenna et al. (2016). Dhiwilayo et al. (2023) suggests that minimal mineral retention in processed foods is sufficient to satisfy the nutritional needs of children under the age of 5 as specified by the recommended dietary allowance (RDA). The higher values observed in the mineral contents of germinated cowpea flours also supports the findings of some studies who reported that sprouting significantly increase the mineral contents after 24 h (Devi et al., 2015; Malomo et al., 2017;  Affrifah et al., 2022). However, the increase in mineral content may also be attributed to the moringa leaf added who reported that the leaf contain approximately four times calcium more than milk, three times more potassium than bananas with high levels of iron, zinc and magnesium (Masitlha et al., 2024).

Table 3: Mineral composition of blends of germinated cowpea, moringa leaf, alligator pepper, clove and ginger flour 
	Sample
	Calcium (mg/100g)
	Magnesium (mg/100g)
	Iron (mg/100g)
	Lead (mg/100g)
	 Zinc (mg/100g)
	

	
1
	
112.95±0.02n
	
146.52±0.01r
	
2.54±0.02f
	
0.25±0.01l
	
1.23±0.00ghi
	

	2
	108.91±0.01m
	141.44±0.01o
	2.22±0.01c
	0.22±0.00j
	1.26±0.01j
	

	3
	96.07±0.01j
	124.84±0.03e
	2.82±0.06j
	0.15±0.00h
	1.12±0.00b
	

	4
	62.10±0.01c
	131.46±0.01j
	3.05±0.02m
	0.09±0.00bc
	1.31±0.00k
	

	5
	88.49±0.01g
	131.46±0.01j
	2.78±0.05ij
	0.11±0.00de
	1.28±0.00jk 
	

	6
	98.73±0.01k
	132.43±0.08k
	2.51±0.01ef
	0.12±0.00d
	1.21±0.00efg
	

	7
	68.85±0.10d
	121.15±0.03l
	3.02±0.01lm
	0.10±0.00c
	1.36±0.02l
	

	8
	103.44±0.02l
	136.87±0.06m
	2.14±0.05b
	0.21±0.00i
	1.12±0.00b
	

	9
	85.34±4.34ef
	128.39±0.08fg
	2.93±0.05k
	0.09±0.00bc
	1.20±0.00ef
	

	10
	90.82±0.01k
	130.82±0.01h
	2.71±0.03hi
	0.13±0.00ef
	1.23±0.00ghi
	

	11
	98.73±0.01k
	132.43±0.08k
	2.51±0.01ef
	0.12±0.00d
	1.21±0.00efg
	

	12
	91.06±0.05h
	143.05±0.01p
	2.44±0.06e
	0.13±0.00fg
	1.22±0.00fgh
	

	13
	93.42±0.02i
	146.21±0.01q
	2.62±0.01g
	0.14±0.00gh
	1.19±0.00de
	

	14
	68.85±0.10d
	121.15±0.03l
	3.02±0.01lm
	0.10±0.00c
	1.36±0.02l
	

	15
	103.44±0.02l
	136.87±0.06m
	2.14±0.05b
	0.21±0.00i
	1.12±0.00b
	

	16
	51.62±0.00b
	120.48±0.01b
	3.08±0.02m
	0.09±0.00b
	1.28±0.00jk
	

	17
	118.34±0.03p
	161.73±0.01t
	2.07±0.03b
	0.28±0.00m
	1.14±0.00bc
	

	18
	115.68±0.01o
	161.34±0.03s
	2.07±0.01b
	0.26±0.00n
	1.17±0.01cd
	

	19
	91.06±0.05h
	143.05±0.01p
	2.44±0.06e
	0.13±0.00fg
	1.22±0.00fgh
	

	20
	84.13±0.00e
	122.80±0.05d
	2.94 ± 0.06kl
	0.11±0.00d
	1.26±0.02ij
	

	21
	121.17±0.01q
	163.14±0.01u
	1.99±0.01a
	0.29±0.00o
	1.05±0.01a
	

	22
	102.44±0.02kl
	135.08±0.01l
	2.34±0.04d
	0.23±0.01k
	1.20±0.00def
	

	23
	100.88±0.01k
	138.34±0.02n
	2.47±0.04ef
	0.22±0.01ij
	1.21±0.00efgh
	

	24
	100.88±0.01k
	138.34±0.02n
	2.47±0.04ef
	0.22±0.01ij
	1.21±0.00efgh
	

	25
	86.92±0.00fg
	126.90±0.01f
	2.66±0.02gh
	0.10±0.00c
	1.24±0.01hi

	Control
	31.24±0.03a
	116.61±0.04a
	3.17±0.01n
	0.02±0.00a
	1.45±0.05m


Values are mean of 3 replicates
* Significant difference at p ≤0.05
t= calculated difference represented in units of standard errors
Control sample = 100% germinated cowpea flour







Consumer’s preference is a major determinant for food product acceptability. The sensory evaluation revealed significant (p≤0.05) differences, with score ranges of 4.80 to 6.74, 4.86 to 6.84, 4.82 to 5.80, 5.45 to 7.24, 4.88 to 5.98, and 5.48 to 6.70 corresponding to appearance, aroma, thickness, taste and overall acceptability respectively as shown in Table 4. Notably, spices had been reported to enhance sensory characteristics of foods (Ogbunugafor et al., 2017; Okunade et al., 2019). Panelists preferred 100% germinated cowpea soup in terms of thickness appearance and colour. Conversely, the soup produced from blends of germinated cowpea flour with spices was rated highly over the control due to its superior aroma and taste and this supports the findings of Dingtsen et al. (2020) who reported that spices could improve the palatability, enhance flavour and visual appearance of dull diets. Although the soup prepared from the control flour received overall acceptance. 

Table 4: Sensory attributes of blends of flour from germinated cowpea, moringa, alligator pepper, cloves and ginger
	Samples
	Appearance
	Colour
	Aroma
	Thickness
	    Taste
	Overall acceptability

	
	
	
	
	
	
	

	1
	5.48±1.43cd
	5.88±1.30bc
	5.80±1.79a
	6.24±1.61bc
	5.66±1.64abc
	6.26±1.27abc

	2
	6.40±1.62ab
	6.02±1.83c
	5.42±1.67ab
	5.84±2.08bc
	5.94±1.97ab
	6.22±1.50abc

	3
	4.80±1.23d
	5.60±1.69bcd
	5.29±1.73ab
	5.45±2.17c
	5.25±1.49abc
	5.90±1.41bc

	4
	5.86±1.4bc
	5.74±1.26bc
	4.82±2.12b
	6.24±2.11bc
	4.88±1.79c
	5.90±1.16bc

	5
	5.79±1.62bc
	5.93±1.56bc
	5.70±1.99ab
	5.89±1.93bc
	5.66±1.75abc
	6.04±1.97abc

	6
	5.42±1.72cd
	5.68±1.67bcd
	5.30±1.83ab
	6.10±1.77bc
	5.42±1.91abc
	5.48±2.04c

	7
	5.74±1.86bc
	5.78±1.63bc
	5.18±1.98ab
	5.70±1.94bc
	5.44±1.92abc
	5.96±1.55abc

	8
	5.54±1.62cd
	5.28±1.80bcd
	5.62±2.07ab
	5.82±1.97bc
	5.48±1.88abc
	5.74±1.82bc

	9
	5.42±1.52cd
	4.86±1.77d
	5.76±2.02ab
	6.48±2.08b
	5.72±1.48abc
	5.78±1.85bc

	10
	6.02±1.81bc
	5.40±1.74bcd
	5.38±1.81ab
	6.06±1.88bc
	5.42±1.72abc
	6.12±1.53abc

	11
	5.42±1.72cd
	5.68±1.67bcd
	5.30±1.83ab
	6.10±1.77bc
	5.42±1.91abc
	5.48±2.04c

	12
	5.84±1.69bc
	5.10±1.82cd
	5.56±1.88ab
	6.32±1.89bc
	5.58±1.76abc
	6.10±1.72abc

	13
	5.28±1.27cd
	5.48±1.22bcd
	5.04±1.96ab
	6.16±1.63bc
	5.10±1.63bc
	5.84±1.33bc

	14
	5.74±1.86bc
	5.78±1.63bc
	5.18±1.98ab
	5.70±1.94bc
	5.44±1.92abc
	5.96±1.55abc

	15
	5.54±1.62cd
	5.28±1.80bcd
	5.62±2.07ab
	5.82±1.97bc
	5.48±1.88abc
	5.74±1.82bc

	16
	5.50±1.94cd
	5.30±1.68bcd
	5.30±2.11ab
	6.00±1.78bc
	5.56±1.59abc
	5.84±1.53bc

	17
	5.42±2.02cd
	5.62±2.07bcd
	5.54±2.01ab
	5.90±2.29bc
	5.62±2.04abc
	5.66±1.69bc

	18
	5.78±1.37bc
	5.36±1.67bcd
	5.72±1.95ab
	6.02±1.76bc
	5.98±1.85a
	6.24±1.74abc

	19
	5.84±1.69bc
	5.10±1.82cd
	5.56±1.88ab
	6.32±1.89bc
	5.58±1.76abc
	6.10±1.72abc

	20
	5.82±1.71bc
	5.34±1.88bcd
	5.22±1.88ab
	6.32±1.72bc
	5.82±1.69ab
	5.48±1.68c

	21
	5.44±1.94cd
	5.34±1.74bcd
	5.02±2.54ab
	6.12±1.71bc
	5.54±1.50abc
	5.90±131bc

	22
	5.82±1.80bc
	6.08±1.84b
	5.36±1.83ab
	5.68±2.21bc
	5.86±1.79ab
	5.88±1.69bc

	23
	5.40±1.79cd
	5.42±2.19bcd
	5.40±1.84ab
	6.02±2.00bc
	5.78±1.41ab
	5.56±1.57bc

	24
	5.40±1.79cd
	5.42±2.19bcd
	5.40±1.84ab
	6.02±2.00bc
	5.78±1.41ab
	5.56±1.57bc

	25
	5.66±1.74bc
	5.76±2.13bc
	5.52±2.20ab
	5.66±2.19bc
	5.58±2.05abc
	6.28±1.89ab

	100%
	6.74±1.24a
	6.84±1.67a
	5.16±2.10ab
	7.24±1.27a
	5.74±1.88ab
	6.70±1.34a


  Values are mean of 3 replicates
* Means marked with different superscripts within a column differ significantly at p ≤0.05
100% - germinated cowpea flour 








4. CONCLUSION
Finally, findings from the study indicated that addition of spices significantly affects the nutritional composition of cowpea flour. Inclusion of spices increased the protein content and mineral composition of the flour blends. On sensory evaluation, an increase in the addition of cloves and ginger improved the taste and aroma of the soup. 
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