
Vitamin and Antioxidant Properties of Kunuaya Produced with Supplemented Water Melon Juice
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Assessing the nutritional, antioxidant, and sensory properties of a ready-to-serve beverage prepared from blends of watermelon and tiger nut juice was the aim of the current study. Tiger nut and watermelon juices were made separately and combined in the following ratios: 50:50, 60:40, 70:30, 80:20, 90:10, 100:0, and 0:100. After being separately pasteurized for 15 minutes at 72°C, the mixed juices were cooled, put into sterile glass bottles, labelled, and kept at 4°C before being exposed to different analyses. The findings show that all blends are high in vitamins and antioxidants, with vitamin C levels ranging from 1,63 to 4,67 mg/g, DPPH percentages from 3.85 to 27,15, and FRAP levels from 1.22 to 3.04 mg/g. Each blend's vitamin content is raised by adding more water melon juice. The findings of the sensory evaluation show that while the blend as a whole is acceptable in terms of taste, colour, consistency, and flavours and is safe to consume, the 50:50% blends are the most valued and well accepted. According to the results, water melon has very high vitamin C content. It is added to each mix in a varied ratio, which raises the vitamin C content in each blend. It is advised that additional research be done on the beverage's therapeutic qualities, antioxidant content, and storage stability in order to ascertain its shelf life.
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Introduction: 
Tiger-nut milk, also known as "Kunun aya" in northern Nigeria, is a domestically fermented, indigenous, non-alcoholic beverage that is frequently consumed for its moisturizing and nourishing properties (Akoma et al 2006). Although it is drunk throughout the year, its consumption is most during the dry season (Okafor and Nwachukwu, 2003). 
Some cultures enjoy "Kunun aya" without sugar; while others adore it with a variety of fruit flavours (Adeyemi and Umar, 1994). Due to its short shelf life, tiger-nut milk, also known as "Kunun aya," should be drunk within two to twenty-four hours at 40 to 65 degrees Celsius (Akoma et al., 2006).
This drink is incredibly cheap since the tiger nuts and ingredients used in its manufacture are simply and locally sourced. The packaging materials are readily available and reasonably priced. Furthermore, because no complex machinery or specialized knowledge is needed, the production processes are straightforward and inexpensive. In many homes, especially in rural communities and, more recently, in urban regions, where more women have acquired the ability and commercial production, making of this drink has become a technology that has helped to reduce poverty. However, because of its high water content, unhygienic production methods, and packaging, "Kunun aya" is vulnerable to microbial contamination.

Numerous moulds, yeasts, lactic acid bacteria, and coliforms have been linked to food spoiling because they use the carbohydrates for unintended fermentation activities (Shi and Maktabdar, 2022). Tiger nuts' high soluble glucose and oleic acid content, as well as their high calorie content (starch, lipids, sugar, and proteins), have long been known to provide health benefits. This nut generates excellent grade oil of up to roughly 25.5% content and about 8% of protein. In addition to having a high oil content, the nut is prized for its nutrient-dense starch, dietary fibre, and carbs (Bibek, 2001). According to Oladele and Aina (2007), tiger nuts are also a great source of several beneficial elements, including calcium and iron, which are necessary for bodily growth and development.
According to Oladele and Aina (2007), they also include traces of copper, potassium, sodium, magnesium, zinc, phosphorus, and vitamins E and C.   They are thought to aid in the prevention of malignancies, particularly colon cancers, thrombosis, and heart attacks (Bibek, 2001).  They are regarded to be advantageous to diabetic individuals (if sugar-free) and those aiming to lower cholesterol or lose weight (Oladele and Aina, 2007).    Additionally, its tubers are used as a stimulant, diuretic, carminative, and aphrodisiac (Aletor et al., 1995). It has reportedly been used to treat diarrhea, dysentery, indigestion, and flatulence. Furthermore, it has been shown that tigernuts contain more necessary amino acids than those suggested in the 1985 FAO/WHO protein standard for meeting adult demands (Belewu and Adedunmi, 2008). In various drinks, fruit juices have been employed to accomplish this. In Kunu Aya, watermelon juice hasn't been assessed for these reasons, though.

A member of the Cucurbitaceae family, watermelon (Citrullus lanatus) is grown in practically every warm climate on Earth. Depending on the amount of lycopene and β-carotene present, it can have a variety of colours, including red, orange, and yellow. Watermelon includes phenolics, which are mostly hydroxycinnamic acid derivatives and a considerable amount of lycopene giving its characteristic red colour and powerful antioxidant action. Because of its sensory, physical, and nutritional qualities, watermelon juice has become more and more popular in recent years. Watermelon juice is sometimes utilized in alcoholic cocktail drinks because of its delicious flavour. 
The process of turning watermelon fruit into juice produces watermelon juice. Juice from watermelons, which are high in vitamins, water, phytochemicals, and vital amino acids like L-citrulline, has been shown to improve human health. Kunu Aya is supplemented with water melon juice in order to create a functional beverage by enriching it with external bioactive compounds. The usage of water melon to supplement Kunu-aya helps to prevent the massive waste of water melon fruit because a lot of it spoils during its peak production period. This study provided fundamental information on the production and quality evaluation of kunu-aya enhanced with watermelon juice. When Kunu-aya is used in conjunction with watermelon juice, the beverage's essential vitamin and mineral contents, as well as its nutritional value and antioxidant activity, will all be enhanced. The use of the beverage will effect positively on the health of the customers. By using this product, the growers of tigernuts and watermelon fruit will earn more money and less waste will be produced. For usage in feeding programs, kunu aya is a useful vehicle for watermelon fortification. Determining the vitamin and antioxidant content of kunu-aya added to watermelon juice was the main goal of this study.

[bookmark: _Toc103583369]Material and Methods 
[bookmark: _Toc103583371]Material procurement 
Ginger, cloves, coconut, sugar, dates, and big yellow tiger nuts—the most popular ingredient in tiger nut milk—were acquired from Wukari's Old Market in Taraba State, Nigeria.  The nuts were brought to the lab in a sterile polythene bag.    
Table 1: Experimental Design
	Kunu aya %
	Water melon juice%

	100
	0

	0
	100

	90
	10

	80
	20

	                           70
	30

	60
	40

	50
	50


[bookmark: _Toc103583373]Preparation of kunu aya 
Using a modified Djomdi and Ndjouenkeu (2006) method, one kilogram (1 kg) of tiger nuts was soaked in three litres of boiling water at 60 degrees Celsius for six hours. After washing, the nut was mixed with three hundred grams of coconut, 150 grams of dates, fifteen grams of ginger, and 3 g of cinnamon. An engine motor (GX 160) was then used to repeatedly combine the mixture with 6 L of cooled, boiling water to make a slurry. The slurry was pressed through muslin fabric to extract the milk. The extracted milk was supplemented with 60 grams of refined sugar. The extracted milk was stored in a refrigerator in sterile containers before to usage. Fig. 1 shows the flow diagram used to prepare kunu ay an.
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[bookmark: _Toc102798583][bookmark: _Toc103583374]Figure 1: Flow chart for Tiger nut milk drink production 
Source: Chukwuma et al., (2010) 
[bookmark: _Toc103583375]Preparation of water melon juice 
After being cleaned with 30% saline, the watermelon fruits were let to dry. The seeds were then extracted from the fruits using a sharp, sterile kitchen knife. For extraction, the edible pink part was chopped into tiny pieces. The JBL 2102 Master Chef food processor was used to remove the juice from the chopped pieces. A three-fold muslin cloth was then used to filter the extracted juice. Fig. 2 displays the watermelon juice production flow chart.
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[bookmark: _Toc103583376][bookmark: _Toc102798585]Figure 2: Flow for the preparation of water melon juice 
[bookmark: _Toc103583377]Blending of kunu- aya and water melon juice 
In a food blender set to maximum speed for 10 minutes, water melon juice was used to replace 10, 20, 30, 40, and 50% of kunu-aya. The control was 100% kunu-aya. The samples were enclosed in plastic bottles and stored in a refrigerator (10 oC) prior to usage.
 
[bookmark: _Toc103583378]Analytical method 
 Vitamin C Determination: 	Vitamin C was determined by standard methods described by AOAC (2015) method. 	 	 
[bookmark: _Toc103583387]Evaluation of Antioxidants activity 
The DPPH assay was done according to the method of Brand-Williams et al. (1995) with some modifications.  The FRAP assay was done according to Benzie and Strain (1996) with some modifications. 
[bookmark: _Toc103583388]Sensory evaluation of the blended beverages 
[bookmark: _Toc103583389]A 20-member panel made up of employees and students chosen at random from the Department of Food Science and Technology at Federal University Wukari in Taraba state evaluated the Kunu-Aya samples that included the water melon juice extract. On a 9-point hedonic scale, where 9 represents "extremely like" and 1 represents "extremely dislike," quality qualities such as color, flavor, texture, taste, and general acceptability were assessed (Iwe, 2002). After tasting each sample, the panelists washed their mouths with water. The samples were displayed in sterile, three-digit tagged glass tumblers. The panelists were shown the samples in a randomized order. In a sensory evaluation lab with sufficient illumination and ventilation, the sensory evaluation was conducted in individual booths.
Statistical Analysis  
[bookmark: _Toc103583400]A completely randomized design was used to conduct the experiment. The data was analysed using one-way analysis of variance with the statistical package for social science (SPSS) software, version 17. To distinguish between means that were statistically different, the LSD test was employed. The significance level was set at P<0.05.
Results and Discussion
Sensory properties of beverages 
Table 2 displays the average ratings for the beverage's sensory qualities. Any food item's acceptance or rejection by consumers is greatly influenced by their sensory assessment. Food scientists regularly conduct sensory evaluations of food to assess whether or not novel food products are acceptable. The percentage of watermelon juice in the blends affected the mean sensory scores for colour, taste, scent, and overall acceptability in the current study. The findings indicated that the panellists’ average ratings for colour, flavour, scent, and general acceptability differed between the samples. The prepared samples received flavour ratings ranging from 7.0 to 8.26.
In contrast to the sample that contained 10% watermelon juice, which had the lowest taste score (7.0), the 100% tigernut juice received the highest flavour score (8.26). The mixes all received good sensory ratings and were widely accepted, despite the fact that there were substantial variances (p>0.05) in their sensory scores. The good rating score were similar to sensory scores reported by Aphiar et al., (2024) and Emojorho et al. (2024) for snacks and noodles respectively from composite flours. The juice mixes received high marks for flavour, consistency, colour, taste, and overall acceptance. 

Table 2: Sensory properties of kunu aya, watermelon juice and their blends 
	
	Sample
	Taste
	Colour
	Consistency
	Flavours
	General acceptability

	
	0:100% 
	8.05a
±0.70

	7.20b±
0.77
	8.13b±
0.63
	8.10ab±
0.67
	7.40b±
0.50

	
	100:0
	8.20b±
0.67
	8.60a±
0.50
	8.33a=±
0.81
	8.20a±
0.51
	8.40a±
0.50

	
	90:10
	7.06c±
1.27
	7.73ab±
1.35
	7.53b±
1.64
	8.06ab±
2.12
	8.20a±
1.37

	
	80:10
	7.46cd±
0.83
	7.66ab±
1.27
	7.40b±
1.29
	8.01ab±
1.57
	8.00ab±
1.463

	
	70:30
	7.13cd±
1.35
	7.53b±
1.30
	7.16bc±
1.39
	7.80c±
2.04
	7.40b±
1.35

	
	60:40
	7.53d±
1.72
	7.56b±
1.04
	7.06c±
1.54
	7.53c±
1.24
	7.36c±
1.75

	
	50:50
	7.46d±
1.72
	7.46   c±
1.95
	7.13ab±
1.79
	7.26c±
1.90
	7.40c±
1.97

	
	
	
	
	
	
	

	
	
	
	
	
	


Values are means± standard deviation {SD} of two replicates   Means within a column with the superscript were not significantly the same p>0.05 
[bookmark: _Toc103583401]Vitamin C content and antioxidant properties of beverages 
Table 3 displays the samples' antioxidant activity and vitamin C concentrations. Kunu aya and watermelon juice had vitamin C contents of 4.67 and 1.63 mg/g, respectively. As the amount of watermelon juice in the blends grew, so did the vitamin contents. Since vitamin C cannot be produced by humans, it must be taken only through diet. Lack of vitamin C prevents the formation and maintenance of the connections that keep neighboring collagen molecules together, which can result in poor wound healing, reopening of previously healed wounds, joint and bone pain, bone fractures, and loose and poorly formed teeth. The DPPH value of the kunu aya (33.85%) was higher than that of the watermelon juice (27.15%). Due to the additive effect, the DPPH values decreased as the amount of watermelon juice increased. The FRAP values for the watermelon juice and kunu aya were 1.22 to 3.04 percent, respectively, with the watermelon juice having the lowest value and the kunu aya having the highest. Nevertheless, the blends' DDPPH and FRAP values were higher than those of the watermelon juice.
 	 

[bookmark: _Toc102798611][bookmark: _Toc103583402]Table 3: Vitamin C content and antioxidant properties of kunu aya, water melon and the blends 
 
	 	Sample 
Kunu: watermelon 
	VITAMIN C(mg/g) 
	DPPH %  
	FRAP [mg/g] 

	 	0:100 
	4.67a±0.53 
	27.15d±0.23 
	1.22a±0.02 

	 	100:0 
	1.63d±0.00 
	33.85a±4.71 
	3.04a±0.12 

	 	90:10 
	2.87cd±0.05 
	33.18ab±4.26 
	2.86b±1.10 

	 	80:20 
	2.62cd±0.10 
	32.51b±3.81 
	2.68bc±0.11 

	 	70:30 
	2.51c±0.16 
	31.84bc±3.36 
	2.50c±0.09 

	 	60:40 
	3.39b0.21 
	31.17c±2.92 
	2.31d±0.08 

	 	50:50 
	4.09ab±0.39 
	31.59cd±3.14 
	2.34d±0.12 


  Values are means± standard deviation {SD} of two replicates   Means within a column with the superscript were not significantly the same p>0.05 
[bookmark: _Toc103583405]Vitamin C contents of the samples were lower than the vales of fresh T. occidentalis (160.15 mg/100 g),  T. triangulare (30 mg/100 g), P. milbraedii (20.06mg/100 g) and in G. africanum (57.20 mg/100 g)  reported by Okpalanma et al. (2024)
Conclusion 
The results of this study demonstrate that a safe and acceptable ready-to-serve beverage with a high vitamin content may be made by adding 50% tiger nut juice to a blend of watermelon juice. The products contained a significant amount of antioxidants that will be good for customers' health when consumed, even if the 50% water melon and 50% tiger nut juice-incorporated beverages had lower antioxidant levels than the control (100% tiger nut mix). The effective addition of tiger nut juice to a watermelon juice blend will increase the underutilized use of both watermelon and tiger nuts in Nigeria.
To ascertain shelf-life, more research on the beverage's antioxidant qualities and storage stability is advised. The following recommendations are made in light of the study's findings: promoting the production and consumption of 50% kunu aya combined with 50% water melon juice as a functional food. 
ii. The creation of small-scale businesses to increase the production of watermelon juice and tiger nut milk from tiger nut and water melon fruits in order to promote economic growth and lower unemployment in the community. 
vi. The therapeutic qualities of watermelon fruits and tubers should be investigated further.
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