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THE EFFECTS OF DEHULLING AND SPROUTING ON MINERAL AND VITAMINS CONTENTS OF OKPA PREPARED FROM THREE BAMBARA GROUNDNUT (VIGNA SUBTERRANEA) VARIETIES


.ABSTRACT 
	Okpa is a traditional steamed snack prepared from milled Bambara groundnut flour. It serves as a staple among the Igbos of south-east Nigeria. This study was carried out to investigate the effects of sprouting and dehulling on the minerals and vitamins contents of Okpa snacks prepared from three different BGN types namely: cream, black and red. The samples were collected directly from Maiduguri Monday Market in Borno State, Nigeria. All the experiments were conducted in the Food Science and Technology Laboratory, University of Maiduguri. The sprouting and dehulling processes were carried out at room temperatures prior to their milling into flours all the analyses. Atomic Absorption Spectrophotometer (AAS) was used in the quantification of calcium, magnesium, iron and zinc, while Flame Photometer was used to quantify potassium and sodium, and a High-Performance Liquid Chromatography (HPLC) was used in the determination of vitamins B1, B2 and B6. The results of the Sprouting resulted in decrease in the Ca, Na and Fe contents of the flours (0.09-0.49, 3.02- 8.67, 0.41- 0.99 mg/kg respectively) while the Okpa produced from the black and red varieties of bambara groundnut, resulted in an increase in only the Mg content of Okpa produced from the black variety (19.98 mg/100kg). Similarly, dehulling resulted to decrease in the K and Zn contents of both the flour and Okpa produced from the red variety, and an increase in the Mg contents of the cream BGN flour and Okpa samples. From the results, dehulling generally decreased the B-vitamins contents of all the BGN varieties analyzed. Therefore, it would be worthwhile to conduct further studies examining the effects of cooking time and temperature on Okpa to assess the retention of vitamin contents, particularly water-soluble vitamins like B1, B2, B6. Exploring the impact of cooking conditions on these vitamins could provide valuable insights into optimizing nutritional outcomes in Okpa preparation.
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1. INTRODUCTION 

[bookmark: _Hlk197589754]Bambara groundnut (Vigna subterranean) is an annual herbaceous plant that belongs to the Fabaceae family and has creeping stems that grow close to the ground (Bonny et al., 2019). It is becoming increasingly important as a staple food among rural populations across African (Khan et al., 2021).  When freshly harvested, the pods are cooked or seeds shelled and processed into diverse food products such as snacks before consumption in Nigeria (Nnenna et al., 2022). Historically, legumes grains have been essential as providers of vitamins, minerals, and health-promoting substances. Bambara groundnut (BGN) in particular is recognized as a potentially significant source of vital nutrients, such as vitamins, minerals, and other advantageous components (Abdulsalami and Sheriff, 2010). Apart from the macro-nutrients such as proteins, lipids, and carbohydrates, these vitamins and minerals are crucial for a variety of body activities in adults and infants (Anyakora et al., 2008). According to Paliwal et al., (2020), legumes, including BGN are inexpensive providers of foods high in protein, minerals, and vitamins that are essential for reducing malnutrition, especially in developing nations. When compared with other legumes, BGN stand out as being particularly important and offering a wealth of nutrients. 
 Its protein content is comparable to that of soybeans, making it a valuable plant-based protein source, especially in regions where animal protein is scarce. Additionally, BGN contains bioactive compounds such as polyphenols and flavonoids, which contribute to its antioxidant properties (Adebowale et al., 2011). Several studies have developed BGN-based food products, including flour, milk, snacks, and composite bread. These includes BGN Flour, used in baking and complementary foods, BGN flour has been found to improve the protein and mineral content of wheat-based products (Oyeyinka et al., 2017). BGN Milk, a dairy alternative with a balanced amino acid profile, though its acceptability is influenced by processing techniques that reduce anti-nutrients (Murevanhema & Jideani, 2015). Processing BGN into extruded snacks enhances digestibility but may reduce heat-sensitive nutrients like vitamins (Oyeyinka et al., 2017). Generally, processing is known to have an Impact on Nutrient Retention of a particular food. Processing methods such as boiling, roasting, fermentation, and milling significantly influence the nutrient composition and bioavailability of BGN. While some techniques improve digestibility and reduce anti-nutritional factors (e.g., tannins and phytates), others may lead to nutrient losses. Thermal Processing (Boiling/Roasting), reduces anti-nutrients but may decrease water-soluble vitamins (B-group vitamins and vitamin C) (Alajiji and El-Adawy, 2006). Fermentation, enhances protein bioavailability and mineral absorption while reducing oligosaccharides responsible for flatulence (Aremu et al., 2020). During milling and Storage particle size affects nutrient retention, with finer flours being more susceptible to oxidative rancidity due to high lipid content (Adebowale et al., 2011). 
           Today, BGN is still largely unexplored and generally classified as underutilized crop, (Tan et al., 2020) despite being widely cultivated and consumption in the semi-arid regions of Africa especially Nigeria (Bamshaiye et al., 2011). Wide-spread utilization of BGN as a food in many parts of the world where it is cultivated as food has been limited by issues including the presence of beany flavors, processing challenges (particularly extended cooking times and increased energy consumption), and a high anti-nutrient content (Luvembe, 2020; Aminu et al., 2021). Bambara groundnuts have been found to contain more than 20% protein and can be used as a meat supplement or replacer. It also has high levels of iron and zinc. Landraces with dark-coloured seeds such as red or black, generally contain higher levels of nutrients and minerals than the cream-white or plain-white coloured landraces. The iron content of red bambara seeds was found to be double that of cream-coloured seeds. Antinutrients such as phytic acid can reduce the bioavailability of iron and zinc, however dehulling of the seed can reduce antinutrients significantly. Bambara groundnut has significant potential as a food security crop, but concerted efforts should be made by governments to market the crop, and to develop products and new uses for the seed. (Siwale et al., 2024). Agronomically, they thrive in poor soils with minimal inputs, improve soil fertility through nitrogen fixation, and support climate resilience. Despite their potential for food security, limited commercialization and policy support hinder scalability. Efforts to promote value-added products (e.g., plant-based milk, flour) and consumer awareness could unlock their global market potential (Macha et al., 2025)
Despite the growing body of research on BGN, there are inconsistencies in reported nutrient values due to varietal differences, processing conditions, and analytical methods. Additionally, few studies comprehensively evaluate the combined effects of multiple processing steps on nutrient retention. Therefore, this study determined the vitamins (vit B1, B2, B6 and vit C) and mineral (Zn, Fe, Ca, Mg, K, Na) contents of the Okpa produced from the three Bambara groundnut varieties as affected by the processing methods.

2. MATERIAL AND METHODS 
[bookmark: _Toc162707522][bookmark: _Toc471810270][bookmark: _Toc457454313][bookmark: _Toc162878304]
[bookmark: _Toc151813254][bookmark: _Toc162707523][bookmark: _Toc162878305]2.1. Materials.
[bookmark: _Toc162707524][bookmark: _Toc162878306]
2.1.1. BGN Seeds Sourcing 
The black, cream, and red BGN seeds were purchased from Maiduguri Monday Market Borno State Nigeria. The samples were processed at the Food Processing Laboratory, Department of Food Science and Technology, University of Maduguri, Nigeria.  Three sets of each seed variety were created: one set was sprouted, the other dehulled, and the third set served as the control. All the samples after treatment were cleaned and was then stored in a plastic container that was tightly closed until it was needed.

2.2. Methods
[bookmark: _Toc162878307][bookmark: _Toc162707525]
2.2.1. Sprouting Procedure
With minor modifications, the sprouting protocols were carried out in accordance with Shah et al. (2011)'s methodology. The seeds were first soaked for 24 hours at room temperature by submerging them in distilled water in containers. The seeds were removed from the containers, placed in a strainer, and left to remove any remaining moisture after the soaking period. Two kg of each seed types, that is cream, black, and red were used in germination studies, using duplicate setups, in plastic containers covered with muslin cloth. Starting on the second day and continuing every day, the seeds were rinsed with clean water every 24 hours during the germination process. After 24 hrs, water was drained and soaked Bambara groundnut was dehulled manually by scrubbing the grains between two palms of the hand and the hull was separated from the grains. The dehulled Bambara groundnut was dried in a dryer at 50℃ for 24 hrs, milled with a Medicine disk mill (Orimas DF-25, China) using 0.50 mm sieve mesh to produce soaked pre-treated Bambara groundnut flour and packaged in ziploc nylon.
[image: ]
Fig 1: Flow chart for preparation of sprouted BGN flour.
(Shah et al., 2011)
[bookmark: _Toc162707526][bookmark: _Toc162878308]2.3. Production Bambara nut flour
Each variety of Bambara groundnuts was dried to moisture content of 12% and below and then milled using the Blender (Food mixer, 2-speed glass blender) into gritty ﬂour and labeled as raw un-dehulled (Control). The process described by Mubaiwa et al. (2018) was followed in the manufacturing of Bambara nuts, as shown in Figure 2. The Bambara nut was cleaned, washed, and let to dry in the sun before being ground in a blender. To create a fine flour, the milled result was then sieved through a 300µm sieve. After that, the flour was stored in a plastic bucket that was securely closed.
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[bookmark: _Toc151813258]Bambara nut flour
[bookmark: _Toc162878309][bookmark: _Toc162707527]Fig. 2:   Flow Chart for production of Bambara nut flour.
[bookmark: _Toc162878310][bookmark: _Toc151813259][bookmark: _Toc151339478][bookmark: _Toc162707528]Source: Mubaiwa et al., (2018).

[bookmark: _Toc162878311][bookmark: _Toc162707529]2.4. Production of decorticated BGN flour

The Bambara nut production process followed the procedure outlined by Adumanya et al. (2012), as depicted in Figure 3. The Bambara nut underwent a series of steps, including cleaning, washing, steeping (48 hours), manual dehulling, and sun drying. After these steps, the nuts were milled with a blender and subsequently sieved through a 300µm sieve to achieve a fine flour. The resulting flour was then stored in a tightly covered plastic bucket.
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[bookmark: _Toc162878312][bookmark: _Toc162707398][bookmark: _Toc162707530]Fig. 3: Flow chart for production of Dehulled Bambara nut flour
Source: Adumanya et al., (2012).



[bookmark: _Toc162878313][bookmark: _Toc162707531]


2.5. Preparation of Okpa

The preparation of Okpa followed the procedure outlined by Barimalaa et al., 2005, as illustrated in Figure 4. The Okpa was made by combining sprouted Bambara nut flour with red pepper, onion, salt, and hot water. The resulting thin slurry was then steamed for 30 minutes. A control sample for analysis was also produced using unprocessed Bambara nut flour.

             Weigh all ingredients in a mixing bowl		 

Add water at temperature of 700C and mix thoroughly
Allow paste to stand for 3mins and mix thoroughly again

Dispense into aluminum cups (400ml capacity) to ¾ full
                                
                                    Cover cup with lid and steam for 30mins 
                                                                   
                                                                    Okpa

Fig. 4: Flow Chart to be used for Preparation of Okpa.
Source:  Barimalaa et al., 2005

Table 1: Formulation and recipe for Okpa preparation 
	Sample Code 1
	Ingredients

	
	Flour (g)
	Palm oil (ml)
	Salt (g)
	Water(ml)
	 Red Pepper

	RC
	500
	350
	5
	500
	10

	SC
	500
	350
	5
	500
	10

	DC
	500
	350
	5
	500
	10

	RB
	500
	350
	5
	500
	10

	SB
	500
	350
	5
	500
	10

	DB
	500
	350
	5
	500
	10

	RR
	500
	350
	5
	500
	10

	SR
	500
	350
	5
	500
	10

	DR
	500
	350
	5
	500
	10


1RC = Raw Cream; SC = Sprouted cream; DC =Dehulled Cream; RB = Raw Brown; SB = Sprouted Brown; 
DB = Dehulled Brown; RR = Raw Red; SR = Sprouted Red; DR = Dehulled Red.

[bookmark: _Toc162878324][bookmark: _Toc162707542]2.6. Mineral Analysis
[bookmark: _Toc162707543][bookmark: _Toc151813279][bookmark: _Toc162878325]The solid foods which were finely ground were carefully mixed to facilitate the choice of a representative sample, and before carrying out the ash analysis, samples were dried to prevent spattering during ashing.
[bookmark: _Toc162878326][bookmark: _Toc151813280][bookmark: _Toc162707544]A 5g portion of the sample was carefully weighed into a clean crucible and subjected to dry ash in a muffle furnace at 550°C for a duration of 2 hours. Following this, 10ml of concentrated nitric acid and 10ml of concentrated hydrochloric acid were dissolved in the resulting ash and heated to boiling on a hot plate for 5 minutes. The resultant digest underwent filtration using Whatman filter paper into a 100ml standard flask, and the volume was adjusted to the mark with distilled water, adhering to the method outlined by AOAC (2016). This solution served as the basis for mineral analysis. The determination of potassium and sodium was conducted using a flame photometer (PFP7 Jenway, USA), while calcium, magnesium, iron, and zinc were analyzed using an atomic absorption spectrophotometer (VGP 210, Buck Scientific, Italy).

[bookmark: _Toc162878327][bookmark: _Toc162707545]2.7. Determination of Vitamins 
[bookmark: _Toc151813282][bookmark: _Toc162707546][bookmark: _Toc162878328]Vitamins B1, B2, and B6 were analyzed using the procedure described by Israel and Steve (2013), with some modifications. In this procedure, 2.0g of the required sample was measured into a 100ml conical flask, and 30ml of 0.1M hydrochloric acid was added. The mixture was heated at 40°C for 5 minutes, then filtered using Whatman filter paper and centrifuged for 7 minutes at 2000 rpm. The resulting supernatant was sonicated and used for the determination of vitamins B1, B2, and B6 through Higher Performance Liquid Chromatography (1260 Infinity, Agilent Technologies, USA) as described by Hassan et al., (2013).
[bookmark: _Toc151813283][bookmark: _Toc162707547][bookmark: _Toc162878329]For the determination of Vitamin C, a method adopted was on the reduction of the dye 2,6-dichlorophenol indophenol of AOAC, (2012) was employed. Specifically, 0.002g of the sample was dissolved in 100ml of distilled water for 5 minutes, the mixture was filtered with a Whatman filter paper. Subsequently, 5ml of the sample was pipetted into a beaker, and 1ml of glacial acetic acid was added. The mixture was titrated with a dye solution of 2,6-dichlorophenol indophenols until a faint permanent pink color was achieved. The titer value was recorded. The titration process was repeated with 5ml of distilled water for blank, and 5ml of ascorbic acid standard solution was also titrated for comparison.

2.8. Statistical Analysis 
The experiment was laid out on a Completely Randomized Design (CRD) where the three (3) Bambara groundnut types (black, cream and red) as the main factors and three sets of each factor formulated into three making a total of nine treatments. Each of the treatments were replicated three times and analysis of variance (ANOVA) was used to evaluate the effects of the three processing methods and their interactions. Significantly different means were separated using Turkey’s Honestly Significance (HSD) at 5% level of probability using Statistical Tool for Agricultural Research (STAR) software (version 2.0.1, International Rice Research Institute, 2013-2020). 

3. RESULTS AND DISCUSSION

[bookmark: _Toc162707574][bookmark: _Toc162878357]3.1. Effects of sprouting and dehulling on mineral compositions of BGN

The effects of sprouting and dehulling on the mineral compositions of BGN are shown in Table 2. From the results, raw cream (RC) variety shows the highest amount of Ca in the seeds (0.56mg/kg).  Both sprouting and decortication decreased the Ca contents across the three varieties studied. The difference in the calcium content however, after processing was not statistically significant (P = 0.05). Similarly, potassium decreased across the samples after processing, where the raw red Bambara nut variety contained the highest amount of potassium (138.57mg/kg) and the dehulled red variety had the lowest potassium with mean value of 35.43mg/kg. Sprouting was seen to improve the magnesium content in the red variety, making an increase from 13.09mg/kg to 21.16 mg/kg. The lowest magnesium content (50.04mg/kg) recorded after dehulling was not statistically significant (p>0.05) compared to its unprocessed sample. Sodium and Zinc content in all the samples decreased as a result of sprouting and decortication.  The decrease caused after processing were statistically significant in all samples (P=0.05), except for sprouted red and dehulled red whose difference after processing were not statistically significant (P>0.05).
Despite the reductions in mineral content, research indicates that soaking and sprouting contribute to improved mineral bioavailability, as confirmed in a study by Beruk (2015). The notable differences among varieties and other processing techniques may also be influenced by seed milling into flour. This milling process breaks down the coat, which contributes to fiber, ultimately leaving the endosperm with a lower amount of minerals, as suggested by Yahya et al. (2022). The bioavailability of minerals is influenced by various factors, and soaking has been identified as a significant factor that can either positively or negatively affect mineral availability. This is attributed to its role in promoting the hydrolysis of anti-nutrients, but simultaneously, it may lead to leaching. This observation aligns with findings from studies by Osho et al. (1995), suggesting that the reduction in minerals during germination could be due to leaching during steeping or potential retention resulting from interactions with other constituents. These results are consistent with studies by Oyeyinka et al. (2019), Ijarotimi and Taiwo, (2009), Abdulsalami and Shariff (2010), and Mazahib et al. (2013) conducted on various legume types.
 Sprouting was found to result in an increase in iron content in sprouted cream and magnesium content in sprouted black varieties. This observation is consistent with the findings of Yahya et al. (2022) in their study on various processing methods for Bambara groundnut. The present study also aligns with similar observations made by Duhan et al. (2002) and Lestienne et al. (2005). Numerous research highlighted that an adequate intake of essential minerals can positively impact health, cognitive development and growth in both children and adults (Ivanovic et al., 2002; Bhan et al., 2001). Therefore, the Bambara groundnut emerges as a promising source of minerals that could contribute to the nutritional needs of both adults and children.
Table: 2: Comparison of the mineral composition (mg/kg) of sprouted and dehulled BGN Varieties.
	Sample 
Code 2
	Minerals1 (mg/kg)

	
	Ca
	Fe
	K
	Mg
	Na
	Zn

	RC
	0.56b0.00
	0.93c0.01
	89.23e0.6
	5.83f0.02
	11.15d0.04
	1.07a0.00

	SC
	0.49c0.00
	0.99b0.01
	73.77h0.39
	8.54d0.05
	4.33h0.08
	1.02b0.00

	DC
	0.42d0.00
	0.54g0.00
	85.45f0.43
	5.04g0.01
	7.72g0.10
	0.47f0.00

	RB
	0.13g0.01
	1.32a0.07
	138.57a0.26
	13.09b0.07
	14.55b0.40
	0.98c0.00

	SB
	0.09h0.00
	0.41i0.00
	98.41d0.31
	21.16a0.03
	8.67e0.01
	0.32h0.00

	DB
	0.13g0.00
	0.74d0.03
	120.10c0.46
	10.21c0.09
	14.32c0.02
	0.64d0.00

	RR
	1.05a0.06 
	0.66e0.01
	129.40b1.22
	10.02c0.16
	20.00a0.30
	0.56e0.00

	SR
	0.38e0.02
	0.45h0.00
	77.44g0.25
	8.66d0.34
	3.02i0.35
	0.45g0.00

	DR
	0.35f0.26
	0.56f0.00
	35.43i0.44
	6.13e0.04
	7.93f0.03
	0.28i0.00

	
	
	
	
	
	
	


1Values are means ± standard deviations of three determinations. In any column, means bearing similar superscripts are not significantly different (p≥0.05). 2RC = Raw Cream; SC = Sprouted cream; DC =Dehulled Cream; RB = Raw Brown; SB = Sprouted Brown; DB = Dehulled Brown; RR = Raw Red; SR = Sprouted Red; DR = Dehulled Red. 

[bookmark: _Toc162707575][bookmark: _Toc162878358]3.2. Effect of sprouting and dehulling on the mineral composition of Okpa from three BGN varieties.

Table 3 presents the results illustrating the impact of various processing methods and varietal differences on the mineral composition of Bambara groundnuts. Potassium, magnesium, and sodium emerged as the primary minerals in raw, sprouted, and dehulled Okpa samples. A study by Fasoyiro et al. (2005) similarly identified calcium (Ca), potassium (K), and phosphorus (P) as major minerals in legumes, including Bambara groundnuts. However, the calcium, iron, potassium, magnesium, and sodium values in Okpa were found to be lower than those reported by Davidson et al. (2019) for traditional Bambara nut, corn, and yam-based dishes. Adumanya et al. (2012) also reported lower values for calcium and potassium in their examination of the vitamin and mineral contents of Okpa, although magnesium and sodium values were higher compared to the current study. Differences in mineral composition may arise from variations in the type of crops and the diverse conditions in which they are grown. Yahya et al. (2022) observed that cooking typically leads to a decrease in grain mineral content, but in this study, cooking didn't significantly impact calcium levels across all samples. This pattern was also noticed in the magnesium content of cream Okpa, zinc content of red Bambara groundnut Okpa, and iron content of black Bambara groundnut Okpa. Ekpenyong and Borchers (1980) argue that cooking doesn't alter the iron content of winged bean seeds. Moreover, findings from Alajaji & El-Adawy (2006) and El-Adawy (2002) suggest that mineral leaching occurs at varying rates during the steeping or cooking of leguminous grains.

The speed at which minerals leach during cooking might depend on the cooking method employed. El-Adawy (2002) found that microwave cooking retained the highest amount of minerals in legumes, followed by autoclaving and then boiling. Interestingly, the sodium content increased significantly across all processing methods. Table 3 shows that adding salt during preparation notably raised sodium levels, suggesting that the observed increase could be linked to the higher sodium content in the sample. This discovery aligns with research by Raes et al. (2014) and Yahya et al. (2022), suggesting that the absorption of sodium ions from the soaking medium can contribute to elevated sodium levels in legumes.

The study aligns with Omoikhoje et al. (2009) findings, indicating that the iron content of Bambara groundnuts increases with heat cooking. This characteristic observed in the studied Bambara groundnuts suggests they could be a valuable source of both macro- and micro-nutrients, particularly beneficial for vulnerable populations like infants and pregnant women in impoverished, developing countries (Oyeyinka et al., 2019). Scientific research underscores that the consumption of essential minerals such as calcium, potassium, and iron promote health, growth, and cognitive development in both children and adults (Maharaj et al., 2001; Ivanovic et al., 2002). Even with the observed differences, the residual mineral content in the flours stayed within the acceptable recommended daily intake. Potassium consistently appeared in the highest quantity in the Okpa samples, regardless of variety. In comparison, the mean values of all analyzed minerals surpassed those reports on cowpea (Kabas et al., 2007) and mucuna (Udensi et al., 2010). 

Table: 3: The Mineral Composition (mg/kg) of processed Okpa from Three BGN Varieties
	Sample Code2
	Minerals (mg/kg)1

	
	Ca
	Fe
	K
	Mg
	Na
	Zn

	RCOK
	0.53b±0.01
	0.90b±0.01
	81.95d±3.61
	6.11h±0.21
	11.55d±1.01
	1.07a±0.01

	SCOK
	0.47c±0.03
	0.89c±0.02
	64.62f±0.10
	7.53g±0.14
	4.39h±0.01
	1.00b±0.01

	DCOK
	0.32e±0.00
	0.63f±0.01
	80.17d±0.91
	5.02i±0.43
	8.41f±0.90
	0.48e±0.00

	RBOK
	0.10g±0.10
	1.01a±0.01
	95.81c±0.58
	11.58b±1.01
	14.94b±1.01
	0.98c±0.03

	SBOK
	0.09h±0.01
	0.41i±0.00
	50.64g±0.30
	19.98a±1.91
	9.04e±0.87
	0.36g±0.21

	DBOK
	0.09h±0.03
	0.68e±0.00
	113.70a±3.79
	9.97d±1.11
	14.56c±2.01
	0.60d±0.00

	RROK
	1.03a±0.01
	0.79d±0.21
	105.11b±4.90
	10.67c±1.03
	24.03a±1.05
	0.43f±0.13

	SROK
	0.17f±0.02
	0.46h±0.01
	72.84e±0.14
	8.33f±0.11
	3.22i±0.38
	0.40f±0.12

	DROK  
	0.34d±0.10
	0.55g±0.04
	30.46h±0.07
	9.17e±0.43
	8.03g±0.34
	0.13h±0.07

	
	
	
	
	
	
	


1Values are means ± standard deviation of three determinations. In any column, means bearing similar superscripts are not significantly different (p≥0.05);.2RCOK = Raw cream Okpa; SCOK = Sprouted cream Okpa; DCOK =Dehulled cream Okpa; RBOK=Raw brown Okpa; SBOK =Sprouted brown Okpa; DBOK =Dehulled brown Okpa; RROK =Raw red Okpa; SROK =Sprouted red Okpa; DROK =Dehulled red Okpa.

[bookmark: _Toc162707577][bookmark: _Toc162878360]3.3. Effects of sprouting and dehulling on vitamins compositions of Bambara groundnuts

The results presented in Table 4 show an increase in vitamin C content only in the cream and black Bambara groundnut varieties. The raw cream increased from 9.32 mg/dl to 12.60 mg/dl, and the raw black increased from 20 mg/dl to 38.01 mg/dl after sprouting. The increase observed in the cream variety was statistically significant (P = 0.05). This rise can be as a result of to the synthesis of vitamin C by hydrolytic activities of enzymes during sprouting, as similarly observed by Nwanekezi et al. (2017). The results obtained compares favorably to those of Shah et al. (2011), whose findings reported a significant increase in Vitamin C during sprouting. Vitamin C is known as an antioxidant vitamin that has the ability to scavenge free radicals in the cells; it is also important in iron metabolism and the subsequent fight against anemia, as confirmed in findings by Manoranja and Sood (2010). Reports in this study corroborate with those of Fadahunsi (2009) and Shah et al. (2011), on fermentation and sprouting respectively, which led to an increase in vitamin C content in legumes. However, Uherova et al. (1993) reported that boiling process lead to a high loss of vitamin C in vegetables.

Vitamin B2 significantly increased (P=0.05) in all the Bambara nut varieties after sprouting, whereas dehulling led to a decrease across the three samples, with a significant decrease (P = 0.05) observed in the black and red varieties when compared to their raw samples. The Vitamin B6 content of sprouted cream and sprouted red varieties were observed to have increased, from 1.47 mg/100g to 1.96 mg/100g and 0.16 mg/100g to 0.19 mg/100g, respectively. The increase in water-soluble vitamins may be attributed to the heightened metabolic activity of dormant seeds, which rises as soon as they are hydrated during steeping, as confirmed in a study by Swieca et al. (2012). Other higher biochemical changes occur when the seeds are hydrated and subsequent sprouting. These findings align with the reports of Chavan and Kadam (1989), who mentioned that chemical constituents such as proteins, lipids and starch get broken down by enzymes into smaller compounds. These simple compounds are then utilized to form new compounds like vitamins, which are known to be necessary for germination. 

On the flip side, the outcomes revealed a decline in vitamin B1, B2, and B6 in all the samples following decortication. This decrease could be attributed to the extended soaking time (48 hours), causing the leaching out of water-soluble vitamins, which are known to be water-labile. The results align with the observations of Walters et al. (1993), Fadahunsi (2009), as well as Okudu and Ojinnaka (2017), indicating a reduction in vitamins B1 and B3 after processing. Olanipekun et al. (2015) also noted that boiling led to a decrease in the vitamin content in kidney bean flour.


Table: 4: Comparison of the Vitamin composition of Sprouted and Dehulled BGN Varieties.
	Sample Code2
	Vitamins1 

	
	B1 (mg/100g)
	B2 (mg/100g)
	B6 (mg/100g)
	Vit C (mg/dl)

	RC
	0.63d0.01
	1.96f0.37
	1.47b0.01
	9.32f0.39

	SC
	2.07a0.50
	2.44e0.45
	1.96a0.08
	12.60d0.17

	DC
	0.35f0.01
	0.46h0.49
	0.06g0.01
	8.51g1.23

	RB
	1.64b0.89
	3.28c1.04
	0.98c0.01
	20.49b0.13

	SB
	0.48e0.22
	4.03a1.91
	0.25d0.02
	38.01a0.45

	DB
	0.23h0.14
	0.47h0.10
	0.05g0.01
	10.89e0.02

	RR
	0.91c0.02
	2.60d0.01
	0.16f0.00
	18.92c0.34

	SR
	0.47e0.02
	3.60b0.21
	0.19e0.01
	5.35h0.01

	DR  
	0.30g0.02
	0.54g0.27
	0.03h0.00
	9.50f0.34

	
	
	
	
	


1Values are means ± standard deviations of three determinations. In any column, means bearing similar superscripts are not significantly different (p≥0.05); 2RC = Raw Cream; SC = Sprouted cream; DC =Dehulled Cream; RB = Raw Brown; SB = Sprouted Brown; DB = Dehulled Brown; RR = Raw Red; SR = Sprouted Red; DR = Dehulled Red.
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3.4. Effect of Sprouting and Dehulling on the Vitamin Contents of Okpa from three BGN Varieties.
The findings regarding the vitamin content are outlined in Table 5. The highest Vitamin B1 content in Okpa was observed in sprouted cream samples at 0.91mg/100g, while the lowest was found in the decorticated raw sample at 0.01mg/100g. In terms of sprouting, there was a noteworthy increase (P = 0.05) in Vitamin B1 content in sprouted cream (0.91mg/100g) compared to its raw cream counterpart (0.27mg/100g). Conversely, Okpa from dehulled samples exhibited a significant decrease (P = 0.05). It's worth noting that the Vitamin B1 content in both sprouted and dehulled Okpa fell below the FAO recommended nutrient intakes for thiamin across various demographic groups, except for children aged 3-9 years. This decline may be attributed to the heat sensitivity of water-soluble vitamins, leading to reduction during the cooking process. Additionally, Vitamin B2 and B6 levels in all Okpa samples decreased during sprouting and dehulling, with this decrease being statistically significant (P = 0.05) when comparing Table 4 to Table .5
Table: 5: The Vitamin Composition (mg/100g) of Processed Okpa from three BGN Varieties
	Sample Code2
	Vitamins (mg/100g)1

	
	B1
	B2
	B6
	Ascorbic acid

	RCOK
	0.27d0.01
	0.91d0.02
	0.52b0.02
	2.98f0.01

	SCOK
	0.91a0.00
	0.83e0.00
	0.72a0.02
	4.42d0.18

	DCOK
	0.10e0.00
	0.10h0.00
	0.01ef0.01
	3.02f0.01

	RBOK
	0.67b0.01
	1.06a0.01
	0.27c0.01
	7.08b0.00

	SBOK
	0.09ef0.00
	1.01b0.00
	0.08d0.01
	11.9a0.01

	DBOK
	0.04g0.03
	0.13g0.02
	0.01f0.00
	4.03e0.01

	RROK
	0.42c0.01
	0.62f0.02
	0.04e0.01
	5.75c0.21

	SROK
	0.07f0.01
	0.98c0.01
	0.03ef0.00
	1.01h0.01

	DROK
	0.01h0.00
	 0.11gh0.00
	0.02ef0.01
	2.78g0.08

	
	
	
	
	


[bookmark: _Toc162878362][bookmark: _Toc151813311][bookmark: _Toc162707579]1Values are means ± standard deviation of three determinations. In any column, means bearing similar superscripts are not significantly different (P≥0.05); 2RCOK = Raw cream Okpa; SCOK = Sprouted cream Okpa; DCOK =Dehulled cream Okpa; RBOK=Raw brown Okpa; SBOK =Sprouted brown Okpa; DBOK =Dehulled brown Okpa; RROK =Raw red Okpa; SROK =Sprouted red Okpa; DROK =Dehulled red Okpa.

[bookmark: _Toc162878363][bookmark: _Toc151813312][bookmark: _Toc162707580]The vitamin C levels in the Okpa samples also experienced a decrease. Among the samples, sprouted black Okpa exhibited the highest vitamin C content, while the lowest was observed in sprouted red Okpa at 1.01mg/100g.This study's findings indicate that only the vitamin B2 and B6 contents are able to meet the Recommended Dietary Allowance (RDA) for adolescent females aged 3-9 years, according to the EFSA Panel on Dietetic Products, Nutrition and Allergies (2016). The steaming process involved in preparing Okpa has led to a modification in the vitamin C content across the samples. This decline may be attributed to the denaturation of the nutrient due to heat in the cooking medium. Consequently, the results suggest that both sprouted and decorticated Okpa from all three varieties make an insignificant contribution when consumed, regardless of the age group.

4.0 CONCLUSION

[bookmark: _Toc162707589][bookmark: _Toc162878376]Based on the findings of this study, it could be concluded that; sprouting and decortication of Bambara groundnut seeds resulted to a decrease in the nutritional quality. Decortication generally decreased the vitamins contents in the three varieties of bambara groundnut flour samples and subsequently, the end products (Okpa). Similarly, sprouting and dehulling resulted to a decrease in the Ca, K, Na and Zn contents in all the bambara groundnut varieties and that of the three okpa samples produced. However, an increase as a result of sprouting was observed in the iron contents of sprouted cream and the magnesium contents of sprouted black. Therefore, it would be worthwhile to conduct further studies examining the effects of cooking time and temperature on Okpa to assess the retention of vitamin contents, particularly water-soluble vitamins like B1, B2, B6, etc. Exploring the impact of cooking conditions on these vitamins could provide valuable insights into optimizing nutritional outcomes in Okpa preparation. The study suggests further exploration of the chemical composition, particularly focusing on fat-soluble vitamins such as A, D, and E. Additionally, investigating other vitamins and minerals not covered in this study would contribute to a more comprehensive understanding of the nutritional profile of Okpa. This could provide valuable insights for potential enhancements in its nutritional content.
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