



[bookmark: _Toc191533676]EFFECTS OF ADDED SLOW-RELEASE PELLETIZED EDIBLE ESSENTIAL OILS ON THE CHEMICAL COMPOSITION AND SENSORY EVALUATION OF STORED COWPEA GRAINS


ABSTRACT
The study evaluated the effect of pelletized clove, West African black pepper (WABP) and ginger oils on chemical composition and sensory attributes of cowpea grains stored in jerry can and galvanized tins for duration a duration of 4 months. Each 100g of cowpea grains were treated with pelletized WABP, clove and ginger at four concentrations: 0.0 g (control), 0.50 g, 0.75 g, and 1.00 g. Chemical composition (proximate, minerals and anti-nutrient) of the treated cowpea with pelletized WABP and clove was analysed, Sensory attributes of boiled treated cowpea grains with WABP, clove and ginger were also assessed using a 9–point hedonic scale using a standard methods, Data were collected at the end of every 28 days. Sensory attributes of WABP oil treatments produced superior aroma (6.77%), taste (7.08%), and overall acceptability (7.30%) compared to clove oil and ginger treatment, cowpea grains treated with clove and WABP oils had significant (P<0.05) effect on moisture (14.52-15.25%), fiber (0.97– 2.18 %), carbohydrate content (61.65-65.04%) at end of 4 months of storage. Both oils improved zinc (4.04-4.79%), magnesium (4.03-4.79%) and phosphorus (4.24-4.57%) and reduced anti-nutritional factors: oxalate (0.15-0.20%), tannins (0.17-2.10%), trypsin (0.43-0.62%), saponnins (0.01-0.39%), phytate (0.01-0.11%) although phytate levels remained unchanged. Jerry cans were more effective than galvanized tins in maintaining lower moisture levels (14.61%) and higher carbohydrate content (63.73%). These findings showed that pelletized WABP at 0.25 enhance sensory appeal, clove at 1.00g, and WABP at 0.05g, 0.75g gave the best performance in terms of its effects on the proximate composition, enhanced minerals content, and played an important role in reducing anti-nutritional factors of the stored cowpea grains. 
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1. INTRODUCTION
Cowpeas (Vigna unguiculata), commonly known as black-eyed peas or simply beans, are an important indigenous grain legume that originates from West and Central Africa (Aletan, 2018). The global production of cowpea is estimated at around 8 to 9 million metric tons annually, cultivated on over 12 to 15 million hectares worldwide, Africa account for about 95%, with West Africa being the largest cowpea grains region. Nigeria stands as the leading producer and consumer, cultivating over 4 million hectares and producing over 4 million metric tons annually (Kim et al, 2025).
Cowpea is the second most important food grain legume in sub-Saharan Africa, serving as staple food that is commonly used to prepare dishes like moi-moi (steamed paste), akara (deep-fried paste), bean soup, boiled fresh beans for salad, and boiled beans balls (dan wake) and an affordable protein for low-income families. Its nutritional profile consists of 23.52-23.90% protein, 1.26-2.10% fat, 10.60-10.70% fibre, 59.60-60.6% (Aremu et al., 2015; Abebe and Alemayehu, 2022). Despite the nutritional benefits of cowpea, it contains anti-nutritional factors such as oxalates (4 mg/100g), phytate (66.3 mg/100 g), tannins (1.2-2.3 mg/100 g), nitrates, and saponins (20-50 mg/100 g). Anti-nutritional factors are compounds that interfere with the absorption of essential minerals, such as iron and zinc, thereby reducing protein bioavailability and digestibility (Owade et al., 2020; Irefin, 2020).  Gonçalves et al. (2016) reported that phytates bind to minerals such as iron, zinc, calcium, and magnesium, hindering their absorption, while tannins bind to proteins, affecting digestibility.
The major challenges to the utilisation of cowpea are those of postharvest losses as a result of pest and insect infestation, which can negatively affect the nutritional value, seed viability, and marketability of cowpeas, leading to significant economic losses (Ilesanmi and Gungula, 2016). Traditionally, cowpea is stored in locally made rhombus bags, open fields, roofs, and fireplaces; these methods are often ineffective in preventing pest infestations and result in significant grain waste, with losses reaching up to 25% of farmers' harvests. As a result, long-term storage remains a major concern for rural farmers (Kadzai and Dlama, 2023).
To address these challenges, biopesticides (plant-based) formulations, including powders, volatile oils, non-volatile oils, and extracts, have shown efficacy in mitigating pest infestations. These biopesticides can be used in combination with other products to enhance pest control (Srinivasan et al., 2021). Essential oils, such as those from clove and black pepper, exhibit biopesticide efficacy and contain eugenol, a compound known for its antimicrobial and antioxidant properties, which can destroy or prevent insect infestations (Arora et al., 2018; Emeribe et al., 2015).
One of the key modern storage structures is airtight storage systems (flexible hermetic), which involves sealing the bags to prevent the entry of oxygen and moisture (Blaabjerg et al., 2015). This technology helps in preserving the quality of grains by inhibiting the growth of microorganisms and reducing the risk of insect infestation (Walker et al., 2018; Atta et al., 2019). In addition, Jerry cans are made from metal or high-density plastic while galvanized tin is made of metal tin coated with zinc to prevent rusting, both with airtight sealing caps and can be adapted to store grains (Okparavero et al, 2024).
 Clove essential oil is generally extracted from the dry floral bud of the clove tree, and has various bio-functional activities on account of the presence of eugenol (C10H12O2) concentration ranging from 9,382 to 146,500 mg per 100 mg of fresh plant materials and other phenolic compounds (Radünz et al, 2019; Cortés-Rojas et al,2014). West African black pepper (Piper guineense) is another plant with pesticidal properties, commonly available in rural communities in Nigeria and other West African countries and is used in Western African cuisine where it imparts “heat” (piquantness) and a spicy pungent aroma to flavor meat preparation, fresh pepper soup, rice and soup(stew) (Katzer and Gernot, 2015). According to Ojiako et al. (2018), the seeds of P. guineense contain piperine and chavicine, which have active insecticidal ingredients that can be used as an alternative in the control of insect pests. The objective of this research was to evaluate the chemical composition of cowpea grains treated with developed bio-insecticides of cloves and West African black pepper at concentrations of 0.25 g, 0.50 g, 0.75 g and 1.0 g/100g of cowpea grains within the storage period that lasted for 4 months (112days). Ginger is known as Zingiber officinale, a perennial herb that is grown as an annual crop, which has been used for a long time as a spice to enhance food attributes like flavour, aroma, and taste and utilised as food preservation in many countries. Ginger contains various hydrocarbons, ketones, alcohols, and volatile aromatic ingredients, such as zingiberene and γ-cardinen, and other ingredients that impart a spicy ginger taste, such as gingerol, shogaol, and zingerone, and these compounds have been reported to suppress odour, improve food flavor, and increase the shelf-life of foodstuffs (Shin-Dae et al. 2022; Ahmed et al., 2019).
The aim of this study is to determine the effect of clove, West African black pepper (WABP) and ginger pelletized essential oils on the sensory properties and pelletized clove and WABP on proximate composition, minerals composition, and anti-nutritional factors of the stored cowpea grains in jerry can and galvanized tin.
	
2. MATERIALS AND METHODS
2.1 Materials
 The cowpea variety, (black eyed cowpea), 0.5liter size jerry can and galvanized tin with a volume of (0.5 ltr), 0.25 x 0.25 m2 sized tarpaulin sheet and 2 x 2 x 2 cm3 pallets, weighing balance, a stapler, paper tape were purchased from Lafia main market, Lafia, Nasarawa State, pelletized edible essential oils from clove (Syzgium aromaticum), West African black pepper (Piper guineense) and ginger were obtained from an already prepared pellets from the National Institute for Pharmaceutical Research and Development (NIPRD), Pharmaceutical Technology and Raw Materials Department (RMDPT), Abuja, FCT, Nigeria.

2.2 Preparation of Sample 
[bookmark: _Hlk180009701][bookmark: _Hlk178023665]The cowpea seed was sorted and transferred into a double-layered polythene bag; the lid of the polythene bag was held with a tight rubber band to prevent any water seepage in the freezer, stored at -18°C inside a freezer for five days. After 5 days of cold treatment, the seeds were placed and spread on a polythene sheet on a laboratory bench and covered with screen gauze and held in place at the edges with heavy stones, so that the seeds were dried in the Laboratory of the Department of Agronomy, Faculty of Agriculture, Federal University of Lafia, Nasarawa State, Nigeria. Thereafter, the cowpea seeds were packed into disinfested Kilner jars and kept on the laboratory bench until ready for use (Lale and Ajayi, 1999; Ajayi and Lale, 2000/2001).
 Treatment formulation
The factorial experiment was laid out in a completely randomised design (CRD) and replicated three times. 100 g each of cowpea grains (black-eyed) were weighed into two different storage devices; jerry can and galvanized tin both containing 0.00, 0.25g of clove, 0.25g WABP and 0.25g ginger, same were repeated for all the concentration. These sample were allowed to remain in place for 28 days (0.25g), 56 days (0.50g), 84 days (0.75g) and 112 days (1.0g) respectively, at a temperature ranged from 20 - 300C (ambient). After each 4 weeks (28days); each sample was analyzed for chemicals composition and 50g each taking from the sample were boiled and used for sensory evaluation.

2.3 Methods 
2.3.1 Determination of pelletized edible essential oils of clove, West African black pepper, and ginger on sensory attributes of the stored cowpea seed in a jerry can and galvanized tin
 
Sensory evaluation of the stored cowpea grains was carried out to determine the acceptability of the products. Sensory parameters such as appearance, aroma, taste, mouthfeel, and overall acceptability were assessed. The sensory attributes of the cooked beans were assessed by a panel of 50 untrained individuals who were familiar with boiled beans. The panel includes students and members of staff of Nasarawa State University, Keffi Lafia Campus and College of Agriculture, Science and Technology, Lafia, Nasarawa State, Nigeria. These samples were served on clean plates. Each of the panellists was requested to assess each sample based on the different sensory parameters and to indicate their degree of likeness (preference) for each sample on a questionnaire that was provided. The Nine-point Hedonic scale (1 denoting dislike extremely and 9 denoting like extremely) as described by Okunola et al (2019), Ojiako and Kayode (2014) was used.
2.3.2 Determination of chemical composition of stored cowpea grains
The chemical properties (proximate, minerals and anti-nutrients) of the stored cowpea grains were determined.
2.3.3 Proximate composition: The sample proximate composition (Crude protein, crude fat, moisture, total ash and crude fibre) was analyzed using the method adopted by Aremu et al. (2015). Determination of carbohydrates was calculated by difference (Aremu et al., 2015).
2.3.4 Anti-nutrient factors: (Oxalate, phytate, tannin, trypsin and saponin) were determined using the method adopted by (Musa and Ogbadoyi, 2014; Nelom et al., 2023; Omenna et al., 2016; Ukpene, 2022), respectively.
2.3.5 Mineral composition (Magnesium, phosphorus and zinc) was analyzed.
Phosphorus:	
Phosphorus content was determined by the colorometry method as described by Oliveira et al. (2023). Two (2g) sample of cowpea was transferred to a digestion tube, 5mL of nitro-perchloric solution was added and taken to a digester block (200°C for 2 hours). In a test tube, 200 μL of the extract solution was added to 8.4mL of Milli-Q water, 1.0mL of acidic ammonium molybdate solution, and 400 μL of ascorbic acid solution. The solution was homogenised in a shaker; after 5 minutes, a blue colour was observed, and readings were carried out in a UV-VIS spectrophotometer, at a wavelength of 725 nanometers, using a quartz cuvette to read the solutions. The blank was read with distilled water to subtract it from the direct reading of the equipment. The absorbance readings obtained were applied in the formula: 
P = (0.2 x Reading/Sample Weight) / 10000, 
Where 0.2 is the factor obtained from the calibration curve
Magnesium:
Magnesium of the stored cowpea grains was determined by the atomic absorption spectrophotometry method using the method of Oliveira et al. (2023). 200μL of the extract from the sample, 3.5mL of lanthanum, and 3.3mL of Milli-Q water were added to a test tube, homogenized in a shaker, and read in the atomic absorption spectrum, previously selecting the specific wavelength of each element in the software of the device. A standard calibration curve was made for the reading of each element in the device.
Zinc: 	
 Zinc contents of the stored cowpea were determined by the inductively coupled plasma optical emission spectrometry method – ICP-OES (Optima 4300DV, Perkin Elmer, Norwalk, USA) using the method of Oliveira et al. (2023). 0.5g of cowpea sample was placed in a microwave tube and 2mL of 30% (v v-1) hydrogen peroxide (H2O2) was added to a tube and kept covered overnight to digest. Then, 3mL of concentrated nitric acid (HNO3) was added to a tube; after 2 hours, this material was subjected to heating in a cavity microwave apparatus, according to the standard operating procedure (SOP) LMIN008, I. 07, and digested at 1200W, temperature of 200°C, and pressure of 120psi, temperature and pressure were maintained for 5min. After complete digestion, the tubes were removed from the apparatus, kept in a hood to cool, and opened after 30 minutes. After resting for 15 minutes, it was slowly filtered through a filter paper and adjusted to 25mL. The readings were then carried out in the inductively coupled plasma optical emission spectrometry (ICP-OES), according to the SOP of Embrapa LMIN-026, rev. 01.
3. RESULTS AND DISCUSSION
3.1 Effect of Clove, Ginger and West African Black Pepper on Sensory Attributes of Boiled Cowpea Grains Stored for Four Months
The sensory evaluation of boiled cowpea grains stored for four months was conducted using a hedonic scale to measure preference levels, as shown in Table 1. For clove oil treatments, the control group (0 g) had the highest aroma score (8.11), followed by 1.0g (6.73), 0.50g (6.60) while the 0.75 g dosage had the lowest (6.47), with a mean aroma score of 6.898. This could be due to the fact that panellists are used to eating boiled beans without the addition of these spices. This is in agreement with the report of Kausar et al. (2017), who had a sensory score for flavor of biscuit from 100% wheat (control), higher than that of biscuit flavored with 2.5% ginger.  However, as the concentration of clove oil increased, there was a noticeable decline in aroma, taste, and mouthfeel, reaching the lowest scores at the 0.75 concentration (aroma: 6.47, taste: 6.67, mouthfeel: 6.60). Although clove overpowering nature at higher concentrations mask the natural flavors of the cowpea, leading to reduced sensory appeal Aliakbarlu and Sadaghiani, (2015), at the same time recorded more overall acceptability (7.27) due to its efficacy level. This is in agreement with the report of Arogundade et al. (2023) who reported that biscuit produced from wheat flour had the highest score in terms of taste than biscuits that was floured with ginger.
In contrast, the evaluation of WABP oil showed different trends (Table 1). The control sample with no added oil scored lower across all sensory attributes (aroma: 5.04, appearance: 5.27, taste: 5.19, mouthfeel: 4.80, overall acceptability: 5.02), indicating a lower preference. However, when WABP oil was introduced, the scores improved significantly, particularly at the 0.25% concentration, where aroma (6.61), appearance (6.87), taste (7.08), mouthfeel (7.02), and overall acceptability (7.30) were all notably
Table 1. Effect of Clove and West African Black Pepper on Sensory Attributes of Boiled Cowpea Grains Stored for Four Months
	
	Concentration
	Aroma
	Appearance 
	Taste
	Mouthfeel
	Overall acceptability

	Clove (g)
	Control 0
	8.11
	5.27
	7.83
	8.36
	7.81

	
	0.25
	6.58
	6.66
	6.73
	6.67
	7.06

	
	0.50
	6.60
	6.76
	6.93
	6.79
	7.05

	
	0.75
	6.47
	6.47
	6.67
	6.60
	7.23

	
	1.00
	6.73
	7.11
	6.66
	6.64
	7.27

	
	Mean 
	6.898
	6.454
	6.964
	7.01
	7.28

	WABP (g)
	Control 0
	5.04
	5.27
	5.19
	4.80
	5.02

	
	0.25
	6.61
	6.87
	7.08
	7.02
	7.30

	
	0.50
	6.40
	6.71
	6.72
	6.74
	6.83

	
	0.75
	6.77
	6.51
	6.63
	6.64
	7.25

	
	1.00
	6.47
	6.17
	6.40
	6.59
	7.03

	
	Mean 
	6.258
	6.306
	6.404
	6.358
	6.686

	Ginger (g)
	Control 0
	3.31
	4.33
	6.01
	6.04
	4.90

	
	0.25
	3.17
	1.30
	2.0
	1.15
	1.12

	
	0.50
	3.15
	1.27
	1.3
	1.13
	1.20

	
	0.75
	4.16
	2.01
	2.6
	2.00
	2.70

	
	1.00
	4.12
	1.99
	1.6
	2.03
	2.06

	
	Mean 
	3.582
	2.180
	2.702
	2.470
	2.695


LOS = Level of Significance, WABP =West Africa Black Pepper, 9-point hedonic scale used 1= dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4= dislike slightly, 5= neither like nor dislike, 6= like slightly, 7= like moderately, 8= like very much, 9= like extremely.











enhanced. This improvement can be attributed to the distinctive ”heat” (piquantness) and a spicy, pungent aroma flavor profile of WABP oil, which seems to complement the natural taste of the cowpea grains, leading to higher consumer acceptance (Fernández‐Pan et al., 2013). While sensory scores slightly decreased at higher concentrations, they remained superior to the control, suggesting that WABP oil generally has a more positive impact on the sensory qualities of the cowpea compared to clove oil at higher levels. This findings align with the report of Ali et al, (2016) who had the sensory characteristics of the papaya fruit treated with ginger extract and gum Arabic were far better than those treated with ginger oil and gum Arabic, the coated fruits scored the highest in than the control group and also align with the report of Handayani et al., 2018; Ojiako et al., (2018) the oil might have enhanced the visual appeal, possibly by adding a sheen or altering the color of the grains and Piper guineense and actellic dust had no significant effect on appearance and overall acceptability of cooked cowpea seeds.
The sensory evaluation of boiled cowpea grains treated with ginger in Table1. Showed that 0.75g had the highest aroma score of (4.16), followed by 1.0g (4.12) while 0.25 g dosage had the lowest at 3.17, (Table 1). This improvement in aroma with added oil may be due to volatile aromatic ingredients, such as zingiberene and γ-cardinen present in ginger. This is in contrary with the report of Arogundade et al., (2023) who reported that as the level of oil increases the flovor of the biscuit produce from wheat flour declined. Control group recorded highest value of Appearance (4.33), taste (6.01), mouthfeel (6.04) and overall acceptability (4.90) a crossed all treatments with 0.50g exhibited lower appearance (1.27), taste (1.3), mouthfeel (1.13) and 0.25g having less over all acceptability (1.12). During the storage period there was a noticeable dark discoloration developed with samples treated with ginger bonded the grains together looking moist which could be due to the fungi infection that might had develops during processing and storage of ginger essential oil which affect it efficacy negatively. This findings align with observation of Ali et al. (2016) who reported that sensory characteristics of the papaya fruit treated with ginger extract and gum Arabic were far better than those treated with ginger oil and gum Arabic.3.2 Effect of Storage Materials on Sensory Attributes of Boiled Cowpea Grains	
The aroma scores for cowpea grains stored in jerry cans and galvanized tins were statistically similar, with jerry cans yielding a score of 6.56 and galvanized tins yielding a score of 6.66 Table 2. This could be due to airtight sealing of both jerry cans and galvanized tin, which helps prevent the entry of oxygen and moisture, and in turn preserves the aroma, as noted by Walker et al. (2018); Atta et al. (2019), who stated that airtight storage systems help in preserving the quality of grains. However, Cowpea grains stored in a jerry can demonstrated an appearance score of 6.26, while those stored in galvanized tins demonstrated a score of 6.50. This means that galvanized tin retained and preserved the cowpea against environmental factors more than Jerry can, which may be due to the coated steel of the tin, suggesting that the choice of storage material has a noticeable impact on the visual quality of the grain as noted by Prasadi et al. (2024) stating that active packaging technologies have been found to improve sensory properties. 
The taste, mouthfeel and overall acceptability evaluation revealed no statistically significant differences (P > 0.05) between the two storage materials. Jerry can received a score of 6.67, while galvanized tins scored 6.69, jerry can 6.63 and galvanized tins scored 6.73, with both jerry can and galvanized tins scoring 6.98 between the two storage options (Table 2). Indicating that sensory attributes remained relatively stable across the two storage conditions. These findings agree with Abba et al. (2022), Oduetse et al. (2023), and Prasadi et al. (2024), stating that active packaging technologies have been found to improve sensory properties and extend the shelf life of food products. Additionally, the influence of sensory attributes on consumer acceptance plays a significant role in food selection.

Table 2.  Effect of Storage Materials on Sensory Attributes of Boiled Stored Cowpea Grains  
	Storage Materials
	Aroma
	Appearance 
	Taste
	Mouthfeel
	Overall acceptability

	Jerry can
	6.56
	6.26
	6.67
	6.63
	6.98

	Galvanized tin
	6.66
	6.50
	6.69
	6.73
	6.98

	Mean 
	6.61
	6.38
	6.68
	6.68
	6.98

	LOS
	0.620
	0.007
	0.800
	0.261
	0.422


LOS = Level of Significance, 9-point hedonic scale used 1= dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4= dislike slightly, 5= neither like nor dislike, 6= like slightly, 7= like moderately, 8= like very much, 9= like extremely.



















3.3 Interaction Effect of Storage Materials and Storage Periods on Sensory Attributes of Cowpea Grains
The interaction between storage materials (Jerry can and Galvanized tin) and storage periods (28, 56, 84, and 112 days) produced varying effects on the sensory attributes of cowpea grains (Table 3). Aroma scores remained relatively stable across all storage periods for both materials, values ranging from 6.34 to 6.78. These findings contradict those of Chon et al. (2020), who observed that flavor tends to decline as essential oils increase.  For appearance, both storage materials maintained moderately high scores at 28 and 56 days; however, a decline was recorded towards 112 days, particularly in Jerry can storage (6.90 at 28 days compared with 6.06 at 112 days), Taste scores generally decreased with prolonged storage, especially beyond 56 days, although Galvanized tin tended to record slightly higher values at 28 and 84 days indicating that taste was influenced by both storage material and storage duration, and Mouthfeel scores showed minor fluctuations but a general declined after 56 days in both materials. This study demonstrates that as the essential oils increase with storage period, the sensory properties tend to decline. These findings align with Chon et al. (2020) and Ilboudo et al. (2014), who observed that taste, colour, and texture tend to decline as essential oils increase. For overall acceptability, both storage materials maintained high scores (above 7.0) throughout the storage period. Jerry can storage recorded a slight increase toward 112 days, whereas Galvanized tin peaked at 28 days (7.32). Indicating that overall acceptability was influenced by the combined effect of storage material and storage period. This is in contrast with Ilboudo et al. (2014), who observed that general acceptability tends to decline as essential oils increase, and also stated that EO compatibility with different storage containers should be considered to maximise their effect.



Table 3. Interaction Effect of Storage Materials and Storage Periods on Sensory Attributes of Cowpea Grains 
	Storage Materials (SM)
	Storage Periods (SP) (days)

	
	28 days
	56 days
	84 days
	112 days

	
	Aroma 
	
	
	

	Jerry can
	6.62
	6.34
	6.76
	6.50

	G. Tin 
	6.60
	6.46
	6.78
	6.44
	

	Mean
	6.563
	
	
	

	LOS
	0.121
	
	
	

	
	Appearance 
	
	
	

	Jerry can
	6.90
	6.88
	6.46
	6.06

	G. Tin 
	6.68
	6.54
	6.56
	6.28

	Mean	
	6.545
	
	
	

	LOS
	0.224
	
	
	

	
	Taste
	
	
	

	Jerry can
	6.92
	6.66
	6.54
	6.48

	G. Tin 
	7.24
	6.78
	6.75
	6.32

	Mean
	6.711
	
	
	

	LOS
	0.035
	
	
	

	
	Mouthfeel
	
	
	

	Jerry can
	6.98
	6.70
	6.58
	6.64

	G. Tin 
	7.06
	6.78
	6.70
	6.54

	Mean
	6.748
	
	
	

	LOS
	0.003
	
	
	

	
	Overall acceptability
	
	
	

	Jerry can
	7.00
	6.82
	7.14
	7.28

	G. Tin 
	7.32
	6.84
	7.2
	7.06

	Mean
	7.09
	
	
	

	LOS
	0.001
	
	
	

	
	
	
	
	



LOS= Level of Significance, 9–point hedonic scale used 1= dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4= dislike slightly, 5= neither like nor dislike, 6= like slightly, 7= like moderately, 8= like very much, 9= like extremely


3.4 Effect of Pelletized Clove and West African Black Pepper Oils on Proximate Composition of Stored Cowpea Grains
The results of proximate analysis (moisture, total ash, crude fat, crude fibre, crude protein and carbohydrate) of cowpea grains treated with two pelletized oils at dosages of 0.25, 0.50, 0.75 and 1.0g clove and West African black pepper oils presented in Table 4 showed that:
 The protein content ranged from (13.96– 18.29%). Cowpea grains treated with 0.75 g WABP oils have the highest (18.29%) protein, while cowpea grains treated with clove at 0.75 g had the least (13.96%) protein at the end of 112 days of storage. There were, however, significant differences (p<0.05) between the protein content of the treated samples of both oils and the control (untreated cowpea grains). This suggests a statistically significant enhancement in protein content, potentially due to the presence of eugenol in clove oil that may activate metabolic pathways related to protein synthesis. These findings are consistent with the findings of Akami et al. (2017) and Oyarekua (2011) on the impact of essential oils on the nutritional properties of legumes.
Moisture content across treatments of both oils ranged from (14.52-15.25%). The highest moisture content was observed in WABP 0.25g (15.25%), while the 0.75 g treatment of WABP exhibited the lowest (14.52%). There was no significant difference (p<0.05) between the moisture content of samples treated with both oils, and also no significant difference (p<0.05) between the moisture content of the treated samples and the control (untreated cowpea grains). The treated samples gave the most acceptable moisture level for grain storage. This may be due to the removal of water, with absorption of oils into the grains. The oil compactness might have created a moisture barrier for the Cowpea grains during storage. This finding agrees with the findings of Ilesanmi and Gungula (2010) on the proximate composition of cowpea grains preserved with mixtures of neem and moringa seed oils.
 Fibre content of both oils is presented in Table 4. At the end of the storage periods, the
Table 4. Proximate Composition of Cowpea Grains Treated with Different Concentrations of Pelletized Clove and West Africa Black Pepper Oils stored in Jerry can and Galvanized Tin
	Treatment
	Protein
	Moisture 
	Fiber
	Fat
	Ash
	Carbohydrates

	Clove (g)
	
	
	
	
	
	

	Control
	16.85
	15.21
	2.05
	0.03
	3.65
	61.82

	0.25
	14.12
	14.70
	1.64
	0.02
	3.76
	63.77

	0.50
	15.23
	14.66
	1.96
	0.02
	3.33
	64.79

	0.75
	13.96
	15.04
	2.04
	0.03
	3.59
	65.04

	1.00
	17.37
	14.80
	0.97
	0.01
	3.76
	63.10

	Mean
	16.16
	15.04
	1.89
	0.02
	3.64
	62.79

	DMRT (0.05)
	2.929
	0.022
	0.16
	0.001
	0.079
	0.000

	Prob. of F
	0.007
	<.0001
	0.001
	0.96
	0.21
	<.0001

	WABP (g)
	
	
	
	
	
	

	Control
	15.45
	15.14
	2.01
	0.03
	3.56
	62.97

	0.25
	17.46
	15.25
	1.79
	0.01
	3.83
	61.65

	0.50
	18.09
	14.90
	1.63
	0.01
	3.50
	62.19

	0.75
	18.29
	14.52
	1.19
	0.02
	3.96
	62.03

	1.00
	14.90
	14.93
	2.18
	0.03
	3.70
	64.26

	Mean
	16.838
	14.948
	1.76
	0.02
	3.71
	50.182

	DMRT (0.05)
	2.929
	0.022
	0.159
	0.001
	0.079
	0.000

	Prob. of F
	0.006
	<.0001
	0.008
	0.788
	0.067
	<.0001

	Storage Materials
	
	
	
	
	
	

	Jerry can
	16.02
	14.61
	1.83
	0.02
	3.59
	63.73

	G. Tin
	16.29
	15.45
	1.83
	0.029
	3.67
	61.90

	Mean
	16.155
	15.03
	1.83
	0.025
	3.615
	62.815

	DMRT (0.05)
	2.929
	0.022
	0.159
	0.001
	0.079
	0.000

	Prob. of F
	0.625
	<.0001
	0.406
	0.423
	0.414
	<.0001

	Interaction
	
	
	
	
	
	

	CL ×WABP
	NS
	NS
	NS
	NS
	NS
	NS

	CL × SM
	NS
	NS
	NS
	NS
	NS
	NS

	WABP × SM
	NS
	NS
	NS
	NS
	NS
	NS

	CL × WABP × SM
	*
	*
	*
	*
	*
	*


Where CL= Clove, WABP= West African Black Pepper, SM= Storage Materials, NS= Not significant, * = Significant at 5% level of significance





storage periods, the fibre content ranged from (0.97– 2.18 %). Cowpea grains treated with WABP 1.0 g have the highest (2.18%) fibre, while 1.0g of the clove sample had the least (0.97%) fibre. There were no significant differences (p<0.05) between the fibre content of samples treated with both oils, and also no significant difference (p<0.05) between the fibre content of the treated samples and the control (untreated cowpea grains). This may mean that this concentration (1.0 g) of the oil was strong enough to prevent infestation up to a period of 4 months (112 days), as noted by Oliveira (2023) and Oyarekua (2011) on the similar changes in dietary fibre content in legumes subjected to various processing methods. 
Fat content remained stable across treatments, with a consistent mean value of 0.02%. The pelletized oils did not significantly (P<0.05) influence fat content, which ranged from 0.01 to 0.03%. Cowpea grains treated with clove 0.75 g, WABP 1.0g and control had the highest (0.03%) fat, while 1.0 g of clove, WABP 0.25 and 0.50 g samples had the least (0.01%) fat. There were no significant differences (p<0.05) between the fat content of samples treated with both oils, and also no significant difference (p<0.05) between the fat content of the treated samples and the control (untreated cowpea grains). This may be due to the compactness of the essential oils used, which indicates that the use of pelletized oil does not affect the lipid composition of cowpea grains; this is beneficial in maintaining their nutritional balance (Oliveira, 2023).
The results of the total ash content are presented in Table 4. At the end of the storage periods, the total ash content ranged from 3.33 to 3.96%. Cowpea grains treated with WABP 0.75 g oils have the highest (3.96%) ash, while clove oil 0.50 g had the least (3.33%) ash. There were, however, significant differences (p<0.05) between the ash content of the treated samples of both oils and the control (untreated cowpea grains). This minimal variation may be due to less consumption of endosperm by weevils. These findings agree with Ilesanmi et al (2016), who reported that the more the endosperm is eaten up, the more the proportion of seed coat in what remains and this component is rich in ash.
The carbohydrate content ranged between (61.65-65.04%) (Table 4). The highest (65.04%) was from cowpea treated with clove 0.75g, followed by those treated with WABP 0.25g (61.65%). There were no significant differences (p<0.05) between the carbohydrate content of samples treated with both oils, and also no significant difference (p<0.05) between the carbohydrate content of the treated samples and the control (untreated cowpea grains). This increase may be because of the bulk of carbohydrate in the endosperm portion of cowpea grains, and this level of oil preserved the cowpea grains against infestation. These findings align with findings of (Ilesanmi et al, 2016) on the proximate composition of cowpea grains preserved with mixtures of neem and moringa seed oils.
 The proximate composition of cowpea grains is significantly influenced by the type of storage material Table 4, particularly in terms of moisture and carbohydrate content. Cowpea grains stored in Jerry can display a lower moisture content (14.61%) compared to those stored in galvanized tins (15.45%). This observation aligns with Zhang et al. (2023) and Oliveira (2023), highlighting the role of effective storage in reducing moisture levels, which is critical for preserving grain quality. The ability of Jerry can to maintain lower moisture levels is especially important, as higher moisture content can promote spoilage and mould growth, negatively impacting grain quality (Asogwa et al., 2021).
Carbohydrate content also showed significant differences between storage materials. Grains stored in Jerry can had higher carbohydrate levels (63.73%) compared to those in galvanized tins (61.90%), with an overall mean of 62.815%. This suggests that Jerry can be more effective in preserving the nutritional value of cowpea grains, particularly carbohydrates, which are a key energy source in human diets (Carvalho et al., 2012). Retaining higher carbohydrate levels in Jerry can -stored grains could lead to improved nutritional outcomes for consumers, especially in regions where cowpea is a staple food (Mamiro et al., 2011).
In contrast, storage materials had no significant effect on protein, fibre, fat, or ash content. Protein levels were similar between grains stored in Jerry can (16.02%) and galvanized tins (16.29%), with an overall mean of 16.155% (Prob. of F = 0.625). Fibre content was nearly identical, at 1.83% for both storage methods, yielding a mean value of 1.83%. Fat and ash content also remained consistent across storage types, with mean values of 0.025% for fat and 3.615% for ash (Prob. of F = 0.423 for fat and 0.414 for ash), Table 4.
This stability in protein, fibre, fat, and ash content across storage methods indicates that while moisture and carbohydrate levels are sensitive to storage conditions, the core nutritional composition of cowpea grains remains relatively unaffected. These findings highlight the importance of selecting appropriate storage materials to optimise the preservation of specific nutritional attributes without compromising the overall quality of the grains (Barros, 2023).
3.5 Interaction Effect of Storage Materials and Storage Periods on the Proximate Composition of Cowpea Grains
The protein content was significantly affected (P < 0.05) by the effect of storage materials and storage periods (Table 5). For cowpea grains stored in jerry can, the highest protein content (16.69%) was recorded at 112 days, while the lowest (14.55%) was observed at 56 days. In galvanized tins, the highest protein content (18.77%) was observed at 56 days, and the lowest (15.27%) at 28 days. Protein levels were highest in grains stored in galvanized tins after 56 days, reaching 18.77%, while the lowest protein content (14.55%) was observed in grains stored in Jerry can for the same period. These findings highlight the role storage materials play in protein preservation, which is key for maintaining the nutritional quality of cowpea grains (Olunloyo et al., 2022). This observation is consistent with earlier studies of Oliveira (2023) emphasizing the importance of storage conditions in retaining protein levels and ensuring the nutritional integrity of legumes.
Table 5. Interaction Effect of Storage Materials and Storage Periods on the Proximate Composition of Cowpea Grains 
	
	
	
	
	

	Storage Materials (SM)
	Storage Periods (SP) (days)

	
	28 days
	56 days
	84 days
	112 days

	
	Protein 
	
	
	

	Jerry can
	16.30
	14.55
	15.55
	16.69

	G. Tin 
	15.27
	18.77
	16.69
	15.58

	Mean
	16.175
	
	
	

	Prob of F
	0.007
	
	
	

	
	Moisture 
	
	
	

	Jerry can
	14.77
	14.29
	14.13
	14.35

	G. Tin 
	15.19
	15.27
	15.43
	15.39

	Mean
	14.853
	
	
	

	Prob of F
	<.0001
	
	
	

	
	Fiber
	
	
	

	Jerry can
	1.79
	1.69
	1.99
	1.87

	ssG. Tin 
	1.65
	1.89
	1.24
	1.28

	Mean
	1.675
	
	
	

	Prob of F
	0.223
	
	
	

	
	Fat 
	
	
	

	Jerry can
	0.02
	0.03
	0.01
	0.03

	G. Tin 
	0.01
	0.01
	0.03
	0.01

	Mean
	0.019
	
	
	

	Prob of F
	0.037
	
	
	

	
	Ash 
	
	
	

	Jerry can
	3.52
	3.20
	4.06
	3.69

	G. Tin 
	4.08
	3.63
	3.50
	3.78

	Mean
	3.683
	
	
	

	Prob of F
	0.001
	
	
	

	
	Carbohydrate
	
	
	

	Jerry can
	63.59
	66.23
	64.25
	63.38

	G. Tin 
	61.81
	60.75
	62.81
	63.98

	Mean
	63.35
	
	
	

	Prob of F
	0.012
	
	
	


WABP: West African black pepper
G. tin: Galvanized tin

Similarly, moisture content was significantly affected (P < 0.05) by the effect of storage materials and storage (Table 5). In Jerry can, the lowest moisture content (14.13%) was recorded at 84 days, while the highest (14.77%) was observed at 28 days. For galvanized tins, moisture content ranged from 15.19% at 28 days to 15.43% at 84 days. Moisture content, a key determinant of grain quality, also varies significantly (P<0.05) between storage materials. At 84 days, Jerry can demonstrate superior moisture control, maintaining the lowest moisture levels (14.13%), while galvanized tins recorded the highest moisture content (15.43%). This suggests that Jerry can are more effective at limiting moisture retention, a factor crucial for preventing spoilage and preserving grain quality during extended storage (Karataş and Arslan, 2022). These findings are consistent with (Ngoma et al., 2018) who reported that low moisture content reduced microbial growth and minimizes spoilage.
Fibre content (Table 5). In the jerry can, fibre content ranged from 1.69% at 56 days to 1.99% at 84 days. In galvanized tins, the fibre content ranged from 1.24% at 84 days to 1.89% at 56 days. This finding aligns with (Ilesanmi et al, 2016).
Fat content in the jerry can ranged from 0.01% at 84 days to 0.03% at 56 and 112 days. In galvanized tins, fat content was consistent at 0.01% for most periods, except for 84 days, where it was 0.03%. This result agrees with the work of (Ilesanmi et al, 2016)
 Ash content was significantly affected (P < 0.05) by the effect of storage materials and storage periods (Table 5). In Jerry can, ash content ranged from 3.20% at 56 days to 4.06% at 84 days. In galvanized tins, ash content ranged from 3.50% at 84daysto 4.08% at 28 days. This increment may be due to the infestation of cowpea left behind the seed coat, and this seed coat is rich in fibre as noted and described by (Ilesanmi et al, 2016; Ilesanmi,2009). Carbohydrate content was significantly affected (P < 0.05) by the effect of storage materials and storage periods (Table 5). In Jerry can, carbohydrate 
   
Table 6. Effects of Pelletized Clove and West African Black Pepper Oils on Mineral Content (mg) of Cowpea Grains
	Treatment
	Mg
	Zn
	P

	Clove (g)
	
	
	

	Control
	3.91
	3.66
	4.03

	0.25	
	4.46
	4.46
	4.42

	0.50
	4.24
	4.24
	4.57

	0.75
	4.42
	4.42
	4.39

	1.00
	4.49
	4.49
	4.42

	Mean
	4.304
	4.218
	4.366

	DMRT (0.05)
	0.056
	0.134
	0.108

	Prob. of F
	<.0001
	<.0001
	0.001

	WABP (g)
	
	
	

	Control
	3.92
	3.67
	4.11

	0.25
	4.11
	4.11
	4.52

	0.50
	4.63
	4.60
	4.36

	0.75
	4.79
	4.79
	4.24

	1.00
	4.03
	4.04
	4.24

	Mean
	4.496
	4.242
	4.294

	DMRT (0.05)
	0.056
	0.134
	0.108

	Prob. of F
	<.0001
	<.0001
	0.000


WABP: West African black pepper








content ranged from 63.38% at 112 days to 66.23% at 56 days. In galvanized tins, carbohydrate content ranged from 60.75% at 56 days to 63.98% at 112 days. Carbohydrate content also showed notable differences based on storage material and duration. Grains stored in Jerry cans had the highest carbohydrate levels (66.23%) at 56 days, while those stored in galvanized tins recorded the lowest levels (60.75%). The impact of storage materials on carbohydrate retention is likely linked to their ability to control moisture and minimize degradation processes over time (Bakoye et al., 2020). This agrees with the report of (Yildirim, 2021). 
3.6 Effects of Pelletized Clove and West African Black Pepper Oils on Mineral Content (mg) of Cowpea Grains
Magnesium content across all clove treatments was 4.304 mg. WABP oil, the magnesium content ranged from 3.92 mg in the control to a maximum of 4.79 mg at the 0.75 g dosage. This could be as a result of the dual functionality of essential oils for improving nutritional quality and safeguarding against pest damage of cowpea grains. These findings agree with Otunola (2022), who reported that essential oils enhance the nutritional and preservative properties of food and biological activities.
Clove oil treatments resulted in zinc content rising from 3.66 mg in the control to 4.49 mg at the highest dosage of 1.00 g. For WABP oil, zinc content increased from 3.67 mg in the control to 4.79 mg at the 0.75 g dosage, Table 6. This could be that some minerals are lost when the seed coats are removed upon infestation by weevils in the control (untreated cowpea) during storage, which led to low mineral value. These findings agree with the results of Mamiro et al (2011) on Nutritional quality and utilisation of local and improved cowpea varieties in some regions in Tanzania.
In clove oil-treated grains, Phosphorus ranged from 4.03 mg in the control to 4.57 mg at the 0.50 g dosage. For WABP oil treatments, phosphorus content varied from 4.11 mg in the control to 4.52 mg at the 0.25 g dosage, averaging 4.294 mg Table 6. The observed improvements in mineral content in the treated group may be attributed to the bioactive properties of essential oils. Compounds such as terpenoids, commonly found in these oils, may enhance the uptake, bioavailability and retention of minerals in cowpea grains. This agrees with the findings of Ojiako et al (2018) on the Efficacy of Piper guineense Seed powder in the control of Callosobruchus maculatus and on the nutritional and organoleptic characteristics of stored cowpea Vigna unguiculata (L.) WALP. The application of pelletized clove oil and West African Black Pepper (WABP) oil to cowpea grains has demonstrated significant enhancements in their mineral content, in magnesium, zinc and phosphorus levels Table 6. This improvement is crucial as it suggests that these treatments can effectively boost the nutritional value of cowpea grains.
3.7 Effects of Storage Materials on Mineral Content (mg) of Cowpea Grains
Magnesium Jerry can contain higher magnesium levels (4.23 mg) compared to those stored in galvanized tins (3.99 mg), the findings suggests that Jerry can may be more effective in preserving or even enhancing magnesium content in cowpea grains, the magnesium retention observed with Jerry can may be attributed to their ability to minimize exposure to environmental factors like moisture and light, which can degrade nutrient quality. This finding is significant in the context of biofortification strategies aimed at enhancing. These results align with Santos and Boiteux (2013) and Santos and Boiteux (2015), who state the importance of micronutrient preservation in improving the nutritional quality of crops, particularly in regions affected by soil nutrient deficiencies.
Zinc content was virtually identical, with grains in Jerry can containing 3.97 mg and those in galvanized tins containing 3.95 mg; similarly, phosphorus levels were consistent, Jerry can showing 4.19 mg and galvanized tins showing 4.21 mg. This suggests that the type of storage material does not significantly affect the retention of zinc or phosphorus in cowpea grains. These findings align with the research of Costa et al. (2019); Nyamaizi et al. (2020), Bawa and Yussif (2017), who state that factors such as soil. 
Table 7. Effect of Different Storage Materials on Mineral Content (mg)  in Cowpea Grains
	Storage Materials (SM)
	Mn	
	Zn
	P

	Jerry can
	4.23
	3.97
	4.19

	G. Tin
	3.99
	3.95
	4.21

	Mean
	4.11
	3.96
	4.20

	DMRT (0.05)
	0.056
	0.134
	0.108

	Prob. of F
	0.008
	0.879
	0.882


G = Galvanized














composition and the presence of phytates, which bind to minerals and reduce their bioavailability, are more critical determinants of phosphorus retention than storage conditions alone. On the other hand, the consistent levels of zinc and phosphorus across both storage methods underscore the need for additional research into the mechanisms governing the retention of these minerals. Such investigations could explore the effects of soil fertility and crop management practices on mineral bioavailability and storage stability (Adeyemi et al., 2020; Melo et al., 2018).
3.8 Effects of Pelletized Clove and West African Black Pepper Oils on Anti-Nutrient Levels of Cowpea Grains
Oxalate levels of stored cowpea grains with clove oil resulted in a substantial reduction, decreasing from 0.42% in the untreated control to 0.15% at the highest dosage of 0.75, Table 8. Similarly, tannins dropped significantly, from 1.59% in the control to 0.71% at the 1.00 dosage, and trypsin inhibitors were reduced from 0.61% to 0.43% under the same treatment Table 8. The application of pelletized clove oil to cowpea grains has proven highly effective in reducing several anti-nutritional factors Table 8, thereby enhancing their nutritional quality. These reductions demonstrate clove oil's effectiveness in mitigating compounds that hinder nutrient absorption. These findings align with (Achuba and Ja-anni, 2018; El-Banna et al., 2023), who stated that essential oils have the potential to enhance food quality.
West African Black Pepper oil also exhibited a strong capacity to lower anti-nutritional factors Table 8. Oxalates decreased from 0.41% in control to 0.18% at dosages of 0.50 and 0.75 (Prob. of F < 0.0001). Tannins showed a significant drop, from 1.82% in the control to 0.83% at a 0.50 dosage, while trypsin inhibitors were reduced from 0.62% to 0.43% at the 1.00 dosage Table 8. These findings confirm WABP oil’s potential to improve the nutritional profile of cowpea grains (Berlinsky et al., 2015; Alam, 2023). Saponin levels were lower from 0.39% in the control to 0.02% at the 0.75 dosage, while WABP oil reduced them from 0.38% to 0.01% at a 0.25 dosage.
Table 8. Effects of Pelletized Clove and West African Black Pepper Oils on Anti-Nutrient Levels of Cowpea Grains
	Treatment
	Oxalate
	Tannins
	Trypsin
	Saponins
	Phytate

	Clove (g)
	
	
	
	
	

	Control
	0.42
	1.59
	0.61
	0.34
	0.09

	0.25
	0.17
	1.18
	0.62
	0.03
	0.08

	0.50
	0.18
	2.10
	0.49
	0.09
	0.07

	0.75
	0.15
	1.21
	0.50
	0.02
	0.01

	1.00
	0.19
	0.71
	0.43
	0.39
	0.11

	Mean
	0.222
	1.352
	0.53
	0.174
	0.072

	DMRT (0.05)
	0.002
	0.038
	0.002
	0.00
	0.001

	Prob. of F
	<.0001
	<.0001
	<.0001
	<.0001
	0.109

	WABP (g)
	
	
	
	
	

	Control
	0.41
	1.82
	0.62
	0.38
	0.10

	0.2
	0.19
	1.06
	0.44
	0.01
	0.06

	0.50
	0.18
	0.83
	0.57
	0.02
	0.07

	0.75
	0.18
	1.06
	0.57
	0.25
	0.08

	1.00
	0.20
	1.05
	0.43
	0.02
	0.08

	Mean
	0.232
	1.164
	0.526
	0.136
	0.078

	DMRT (0.05)
	0.002
	0.038
	0.001
	0.000
	0.000

	Prob. of F
	<.0001
	<.0001
	<.0001
	<.0001
	0.139


WABP= West Africa Black Pepper









This is particularly important, as excessive saponins can impart a bitter taste to food and interfere with nutrient uptake (Akinwande et al., 2019; Halder et al., 2010). Both clove and WABP oils effectively reduced saponin content Table 8.
Phytate levels remained largely unchanged across both treatments Table 8. Clove oil resulted in phytate values ranging from 0.01% to 0.11% while WABP oil ranged between 0.06% and 0.10%.  Phytates are known to bind minerals and reduce their bioavailability. The stability of phytate levels under these treatments suggests that their effect on this specific anti-nutrient is negligible (Kunicka-Styczyńska et al., 2020; Fatah et al., 2020).
3. 9 Effects of Storage Materials on Anti-Nutrient Levels of Cowpea Grains	
Trypsin inhibitors of cowpea grains stored in Jerry can had higher levels (0.59%) compared to those stored in galvanized tins (0.56%). This suggests that galvanized tins are more effective in reducing trypsin inhibitors, which are known to interfere with protein digestion and absorption (Bolade, 2015). Saponin levels were notably higher in cowpea grains stored in Jerry can (0.34%) compared to those in galvanized tins (0.17%). Saponins are known to impair nutrient absorption and contribute to the bitterness of legumes, which can affect their palatability (Bolade, 2015). These findings suggest that the choice of storage material plays a significant role in reducing harmful anti-nutritional factors, with galvanized tins being more effective for preserving the nutritional quality of cowpea grains.
Oxalate and tannin levels did not show significant differences between the storage materials Table 9.  Both storage methods resulted in identical oxalate levels (0.32%), indicating that storage conditions do not significantly affect oxalate content, as noted by (Ndungu et al., 2011). Tannin levels were slightly higher in Jerry can (1.54%) than in galvanized tins (1.41%), as noted by Ndungu et al. (2011).
Table 9. Effect of Storage Materials on Anti-Nutritional Levels in Cowpea Grains
	Storage Materials (SM)
	Oxylate
	Tannins
	Trypsin
	Saponins
	Phytate

	Jerry can
	0.32
	1.54
	0.59
	0.34
	0.08

	G. Tin	
	0.32
	1.41
	0.56
	0.17
	0.09

	Mean
	0.32
	1.475
	0.575
	0.255
	0.085

	DMR0 (0.05)
	0.002
	0.038
	0.002
	0.000
	0.001

	Prob. of F
	0.826
	0.058
	0.038
	<.0001
	0.173


G. tin: Galvanized tin














This suggests that while trypsin inhibitors and saponins are sensitive to storage conditions, oxalates and tannins remain relatively stable regardless of the type of storage.
Phytate levels also showed no significant variation between the two storage materials, with Jerry can at 0.08% and galvanized tins at 0.09% table 9, since phytates are known to bind minerals and proteins, reducing their bioavailability, this stability across storage conditions suggests that other factors, such as the genetic composition of the cowpea varieties or their inherent anti-nutritional profiles, may play a more significant role in determining phytate content (Ana et al., 2019; Nassourou et al., 2020).
CONCLUSION 
The study indicates that using pelletized clove and pelletized WABP can significantly improve the nutritional value of cowpea grains. This improvement is evident in the enhanced sensory properties, proximate composition and mineral content, along with a reduction in anti-nutritional factors. Additionally, the research highlights the importance of storage container selection in maintaining cowpea grain quality alongside reducing anti-nutrients of the stored cowpea. Jerry can was found to be superior in keeping moisture levels low and preserving higher carbohydrate content with an improvement in mineral content of the stored cowpea grains. This study suggests the use of pelletized 0.25g of WABP and 0.75g pelletized ginger to enhance sensory properties and clove at 1.0g and WABP at 0.05g, 0.75g for treating cowpea grains to enhance their nutritional value while reducing anti-nutritional components. For effective grain preservation, Jerry can are suggested as the preferred storage option, as they help maintain lower moisture levels and higher carbohydrate content, which are essential for preserving grain quality.
 The consistent levels of sensory attributes and minerals across both storage methods underscore the need for additional research into the mechanisms governing the retention of these attributes and minerals. Such investigations could explore the effects of storage stability on the sensory appeal and nutritional contents of cowpea grains. Such investigations could explore the effects of storage stability on the nutritional contents of cowpea grains.
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