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NUTRITIONAL PROPERTIES OF TIGERNUT MILK PRODUCED WITH BLENDS OF WATERMELON AND COCONUT



ABSTRACT

The increasing demand for plant-based milk alternatives has driven interest in nutrient-rich beverages derived from locally available crops such as tigernut, coconut, and watermelon. However, limited information exists on the chemical and nutritional properties of blended formulations, necessitating evaluation to enhance their functional and industrial potential. The aim of the current study was to evaluate the proximate and mineral content of tigernut milk mixed with coconut juice and watermelon. 25% and 50% of the tigernut milk were replaced with juices made from watermelon and coconut milk, respectively. After being separately pasteurized for 5 minutes at 72°C, the mixed juices were cooled, put into sterile glass bottles, labeled, and kept at 4°C before undergoing the various analyses. The proximate results showed 2.25 to 3.83% ash, 64.82 to 72.00 % moisture, 0.10 to 3.89 % fat, 3.36 to 5.02 % fiber, 2.93 to 7.06 % protein, 16.75 to 21.76 % carbohydrate. The mineral composition results showed 0.98 to 2.33 mg/100g zinc, 0.99 to 1.50 mg/100g iron, 1.83 to 3.56 mg/100g calcium, 2.18 to 2.94 mg/100g sodium and 1.03 to 1.58 mg/100g potassium. The findings showed that when the amount of watermelon and coconut juice in the drink samples grew, so did the ash, fiber, and fat. The mineral results show that blends have notably high levels of potassium, zinc, calcium, and magnesium. The results showed that the watermelon and coconut had extremely high levels of fiber, fat and minerals. In order to evaluate shelf life, it is advised that additional research be done on the beverage's antioxidant, medicinal, and storage stability qualities.
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Introduction
Due to rising health consciousness, lactose intolerance, and the growing acceptance of vegetarian and vegan diets, plant-based milk substitutes have garnered significant attention worldwide. These drinks are prized for their nutritional, functional, and sensory qualities and are usually made from nuts, grains, seeds, or tubers (Asante et al., 2025). In many developing nations, creating plant-based milk products from locally grown crops has emerged as a key tactic for enhancing nutritional diversity and food security. The underutilized tuber crop known as tigernut (Cyperus esculentus L.) and watermelon are extensively grown in Asia, Europe, and Africa. They can be used to make nutrient-dense drinks because they are high in carbohydrates, dietary fiber, good fats, and vital minerals.
Tigernut milk is made by soaking, crushing, and extracting the milk from tigernut tubers. It is widely consumed in West Africa and is referred to as "horchata de chufa" in Spain. According to several research, tigernut milk is a useful dairy alternative since it has significant levels of fat, carbs, vitamins, and minerals (Osim et al., 2025). To improve the nutritional and functional aspects of tigernut milk, researchers have recently looked at adding other plant ingredients. For example, it has been noted that mixing tigernut milk with soy milk, coconut milk, and other fruit extracts enhances the beverage's nutritional profile and physicochemical characteristics (Ikegwu et al., 2024). The tiger nut (Cyperusesculentus) is a perennial crop that is found worldwide and belongs to the same genus as the papyrus plant. It is a member of the Division—Magnoliophyte, Class—Liliopsida, Order—Cyperales, Family—Cyperaceae, Species—Cyperusesculentus (Okoh et al. 2025). The Arabs first brought the plant to the Valencia region. It is indigenous to Madagascar, the Middle East, Southern Europe, Africa, and the majority of the Western Hemisphere. Subcontinent of India. In Nigeria, the tuber is referred to by several names, including "Aya" in Hausa, "Imumu" in Yoruba, and "Aki Hausa" in Igbo. Tiger nuts can be cooked, roasted, dried, or consumed raw (Okoh et al., 2025). Additionally, it can be used to make "kunu aya," a Nigerian indigenous beverage (Belewu and Belewu, 2007).

One of the native, locally fermented, non-alcoholic beverage drinks that is commonly drank for its thirst-quenching and nutritional qualities is tiger-nut milk, also referred to as "Kunun aya" in the northern region of Nigeria (Okoh et al. 2025). Although it is drank all year round, it is known to be consumed in large quantities during the dry season. Some cultures love "Tigernut milk" with various fruit flavors, while others prefer it sugar-free. Due to the easy and local sourcing of the tiger nuts and ingredients needed in its manufacture, this beverage is incredibly inexpensive. Additionally, the packing materials are readily available and reasonably priced. Additionally, because no complex machinery or specialized knowledge is needed, the production processes are straightforward and inexpensive. Due to their high energy content (starch, lipids, sugar, and proteins) and high soluble glucose and oleic acid content, tiger nuts have long been known for their health benefits. This nut yields roughly 8% protein and high-quality oil with a level of up to 25.5%. The nut is prized for its nutrient-dense starch, dietary fiber, and carbs while having a high oil content (Okoh et al. 2025). Additionally, tiger nuts are a great source of several beneficial elements, including calcium and iron, which are necessary for the growth and development of the body (Oladele and Aina, 2007). Other mineral elements like phosphorus, potassium, salt, magnesium, zinc, traces of copper, and vitamins E and C are also present in them (Oladele & Aina, 2007). They are thought to aid in the prevention of thrombosis, heart attacks, and malignancies, particularly colon cancer. Patients with diabetes (if sugar-free) and those looking to lower cholesterol or lose weight are thought to benefit from them (Oladele and Aina, 2007). Tiger nut milk, also known as "kunu aya," is widely available, inexpensive, and used by both the wealthy and the impoverished. It is primarily consumed in the afternoon to cool the body from the heat. According to Alegría-Torán, tiger nuts are high in dietary fiber and have been linked to a number of illnesses, such as colon cancer, coronary heart disease (Chukwuma et al., 2010), obesity, diabetes, gastrointestinal disorders, and the treatment of flatulence, indigestion, diarrhea, and dysentery because they contain digestive enzymes like lipase, catalase, and amylase (Okoh et al. 2025). Depending on storage conditions, tiger nut milk frequently has a shelf life of less than 24 hours.
According to reports, tiger nuts have a high dietary fiber content that may help prevent and treat a number of illnesses, such as gastrointestinal disorders, obesity, diabetes, colon cancer, and coronary heart disease. Additionally, its tubers are used as a stimulant, diuretic, carminative, and aphrodisiac. There have been reports of using tiger nuts to cure diarrhea, dysentery, flatulence, and indigestion. Furthermore, it has been shown that tigernut contains more necessary amino acids than those suggested in the 1985 FAO/WHO protein standard for meeting adult demands (Okoh et al. 2025). 
Coconut milk can greatly enhance the end product's fat content and sensory qualities when added to plant-based beverages. Confectioners all around the world utilize coconut (Cocos nucifera) milk to improve the flavor, taste, and quality of a variety of products.It has been discovered that coconut milk has a high calcium content. According to reports, the milk contributed roughly 10% of the total energy and had a good mineral and vitamin content (Rakshitham and Jain, 2021). When consumed in its natural state, coconut milk is a complete protein diet that aids in the prevention of heart disease (Ukwuoma and Mauanya, 2003). Among other advantages, the fat in coconut milk lowers the risk of heart disease, enhances the metabolic rate of body fat, supports tissue repair and immune system functions, protects the body from breast, colon, and other cancers, and improves the cholesterol ratio. It has been discovered that yoghurt made with coconut milk is a tasty and nourishing product (Rakshitham and Jain, 2021). Therefore, adding coconut milk to tigernut drinks can improve their nutritional value. The coconut palm is referred to as the "Tree of Life" due to its great usefulness as a food and medicinal source. The remarkable therapeutic properties of coconuts have just now come to light thanks to advances in medical science. Additionally, it is used to treat oral ulcers. In addition to improving digestion and absorption of other nutrients including vitamins, minerals, and amino acids, coconut offers a nutritious source of rapid energy. In addition to promoting tissue regeneration and healing, coconut helps shield the body from malignancies of the breast, colon, and other organs. It serves as a preventive antioxidant as well.
The Cucurbitaceae family includes watermelon (Citrullus lanatus), which is grown in practically every warm climate on Earth. Depending on the amounts of lycopene and β-carotene, it can be red, orange, or yellow. Watermelon was often thought to be a non-nutritious crop, but in recent years, a number of bioactive chemicals have been identified, and both in vitro and in vivo research has shown the positive effects. Watermelon's distinctive red color and potent antioxidant activity are caused by phenolics, which are mostly hydroxycinnamic acid derivatives and a significant amount of lycopene. The sensory, physical, and nutritional qualities of watermelon juice have made it more and more popular in recent years. Watermelon juice is sometimes utilized in alcoholic cocktail drinks because of its delicious flavor. When water melon and coconut fruit are processed into juice, water melon juice and coconut juice are produced. The juice is high in minerals and important amino acids, such as L-citrulline, which have been shown to improve human health. Tigernut is being supplemented with water melon and coconut juice to create a functional beverage by enriching it with external beneficial substances. The flesh of watermelons is rich in vitamins, minerals, and other antioxidant chemicals that are vital to human metabolism. By scavenging oxygen radicals, antioxidant components aid in the prevention of human disease. Because watermelon rind and seed include fiber, minerals, phenolic compounds, and the essential amino acid citrulline, they also offer numerous health benefits. Watermelons can be round or oblong in shape. The color of the rind can range from pale to dark green, with or without stripes. Another tropical fruit that has a high water content (around 90%) and is high in vitamins, minerals, and antioxidants like lycopene is watermelon (Citrullus lanatus). The fruit is generally valued for its hydrating qualities and pleasant flavor, and it is frequently drunk as fresh juice. Thus, adding watermelon juice to tigernut milk may enhance the drink's nutritional value and flavor. 
Prior studies have shown that tigernut-based plant-based milk products have important nutritional and functional qualities, such as high fiber content, healthy fatty acids, and bioactive substances (Yeboah et al., 2023).
Furthermore, it has been demonstrated that new processing techniques like thermosonication enhance the microbiological and physicochemical quality of tigernut milk products (Oladunjoye & Idiat, 2025). 
There is little knowledge about the chemical properties of tigernut milk combined with watermelon juice and coconut milk, despite the nutritious potential of tigernut milk and the increasing popularity of plant-based drinks. Evaluating the beverage's nutritional value, quality, and possible industrial uses requires an understanding of these chemical characteristics. The utilization of water melon and coconut to augment tigernut will lessen the massive waste of water melon fruit and coconut because a significant amount of water melon spoils during its peak production period.
The production and quality assessment of tigernut milk enhanced with watermelon juice and coconut were included in this study. The beverage's nutritional value will be enhanced with the addition of coconut, water melon juice, and tigernut. The consumers' health will benefit from using the beverage. By using this product, watermelon, coconut fruit, and tigernut waste will be reduced, and the farmers who grow these commodities will make more money. For use in feeding programs, tigernuts are an excellent vehicle for fortification with watermelon and coconut. Thus, the purpose of this study is to assess the chemical characteristics of tigernut milk made from watermelon and coconut mixes.Determining the proximate composition and mineral composition of the prepared beverages is the specific focus of the study. This study demonstrates how, as time goes on, plant-based drinks become more useful since they have higher nutritional content when tigernut milk is combined with watermelon and coconut juice. Thus, the use of locally grown crops is essential for agricultural products' value addition and food security.

[bookmark: _Toc103583369]MATERIAL AND METHODS
[bookmark: _Toc103583371]Material procurement 
[bookmark: _Toc103583373]We purchased tigenut, water melon, ginger, cloves, coconut, sugar, and mature tiger nuts—the most popular ingredient for making tiger nut milk—from Main Market Ozoro in Delta State, Nigeria.
Preparation of Tigernut  
Before being rinsed in water to get rid of adherent soils, tiger nuts were sorted to eliminate cracked, rotting, stones, pebbles, and other dirt elements. The date's seed was taken out and thrown away. Warm water was used to properly wash all of these ingredients. One kilogram (1 kg) of tiger nuts was soaked in three liters of boiling water at 60°C for six hours. Following washing, the nut was combined 150 g of date, 15 g of ginger, and 3 g of cinnamon. The mixture was then repeatedly blended with 6 L of cooled boiled water to create a slurry using an engine moteur (GX 160). To extract the milk, muslin fabric was used to press the slurry. 60 grams of refined sugar were added to the extracted milk. Before being used, the extracted milk was put into sterile containers and refrigerated. Fig. 1 shows the flow diagram for making tigernuts (Okoh et al. 2025).
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[bookmark: _Toc102798583][bookmark: _Toc103583374]Figure 1: Flow chart for Tiger nut milk drink production 
Source: Okoh et al. 2025 
[bookmark: _Toc103583375]Preparation of water melon juice 
After being cleaned with 30% saline, the watermelon fruits were let to dry. A sharp, sterile kitchen knife was then used to cut the fruits, and the seeds were extracted. For extraction, the edible pink part was chopped into tiny pieces. The Master Chef food processor, JBL, 2102, was used to remove the juice from the chopped pieces. After that, a three-fold muslin cloth was used to filter the extracted juice. Fig. 2 depicts the watermelon juice production flow chart.
Water melon
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Draining
Cutting and deseeding
Juice extraction
Filtering [3 folded muslin cloth]
Bottling [in sterile bottle]
Pasteurizing [72 oC for 15mins]
Storing [refrigerating temperature]
Fig 2: Watermelon juice production 
Source: Okoh et al. 2025
Preparation of coconut milk
A sharp knife was used to remove the coconut grating after the coconut was manually broken in order to make coconut milk. The coconut grating's dark portion was carefully scraped off. To facilitate faster blending, it was divided into smaller pieces. One liter of lukewarm distilled water was combined with 200 grams of white shredded coconut. One liter of lukewarm distilled water was added to the solution to further dilute it. After that, muslin cloth was used to filter it. Coconut milk was the filtrate that was produced. With a few minor adjustments, the coconut milk was made using the method described by Olubamiwa and Kolapo (2008).
[bookmark: _Toc103583377]Blending of Tigernut , coconut and water melon juice 
[bookmark: _Toc103583378]25% and 50% of the tigernut will be substituted with watermelon juice, and coconut milk in a food blender set on high speed for ten minutes. 100% tigernut served as the control. The samples were stored in plastic bottles at 10 oC in a refrigerator before to use.
Analytical Method 
[bookmark: _Toc103583381]Evaluation of proximate composition 
Determination of moisture content  
The process followed the AOAC (2023) method for determining moisture, ash, fat, fiber, protein, and carbohydrates.
Determination of Zinc, Iron, Calcium, Potassium and Phosphorus
[bookmark: _Toc103583389]The techniques outlined by AOAC (2023) were used to ascertain the samples' zinc, iron, calcium, potassium, and phosphorus levels.
Statistical Analysis  
The experiment was conducted using a fully randomized approach. The statistical package for social science (SPSS) program, version 17, 2007, was used to do a oneway analysis of variance on the data. The least significant difference (LSD test) was used to separate means that differed significantly. P<0.05 was considered significant.
RESULTS AND DISCUSSION
4.1 Proximate Composition of Tigernut Drink with Blends of Watermelon and Coconut Milk
Table 1: Proximate Composition of Tigernut Drink with Blends of Watermelon and Coconut Milk (%)
	SAMPLE
	ASH
	MOISTURE
	FAT
	FIBRE
	PROTEIN
	CHO

	T
	2.64c±0.01
	64.95e±0
	0.26c±0
	3.77c±0
	7.06a±0.01
	21.76a±0.01

	TW1
	2.35d±0.01
	69.82b±0
	0.13d±0
	3.63d±0
	5.01c±0
	20.84b±0.02

	TW2
	2.25e±0.06
	75.00a±0
	0.10e±0
	3.36e±0
	2.93e±0
	17.02d±0.01

	TC1
	2.81b±0.01
	66.25c±0.01
	2.14b±0
	4.33b±0.01
	6.32b±0
	18.42c±0.01

	TC2
	3.83a±0.01
	68.35b±0.01
	3.89a±0
	5.02a±0.01
	4.24d±0
	16.75e±0.01


Values are means ± SD of triplicate determinations. Values in the same column bearing similar superscripts are not significantly (p>0.05) different, while values in the same column with different superscript are significantly (p<0.05) different.
The juice samples' ash concentration varied from 2.25 to 3.83 percent. For biscuits made with a composite flour of wheat and groundnut flour, the results are less than the 6.26 to 8.01% reported by Onuoha et al. (2025). The ash level of the juice samples rose as the amount of coconut milk grew, but it decreased as the amount of watermelon juice increased. The maximum amount of ash was found in the juice that included 50% coconut. 
The drink samples' carbohydrate levels varied from 16.75% to 21.76%. The results are less than the 52.01 to 59.82% reported by Emojorho et al. (2025) for biscuits made with sorghum and Bambara groundnut composite flour.
The tigernut drink blended with watermelon showed lower fiber levels (3.36–3.63%) than the blends with coconut milk (4.33–5.02%); the sample with 50% coconut milk had the greatest value. The samples differed significantly (p<0.05). Since coconut has a greater fiber content, the fiber in the drink samples rose as the amount of coconut milk increased, most likely as a result of additional effects. 
The drink samples' fat percentages varied from 0.26% to 3.89%. The outcomes are comparable to the 1.01 to 3.03% reported by Onuoha et al. (2025) for chin chin made from millet and soybean composite flour. with the amount of watermelon juice grew, the fat content somewhat decreased, but it increased with the amount of coconut liquid increased.
This finding could be explained by the fact that watermelon has less protein than tigernut and coconut. At 0.26%, the 100% tigernut milk had the least amount of fat. The tigernut drink mixed with watermelon (0.10–0.13%) had lower fat levels than the blends with coconut milk (2.14–3.89%), and the sample with 50% coconut milk had the highest value. The samples differed significantly (p<0.05). Due to the higher fat content of coconut, the fat in the drink samples increased as the amount of coconut milk increased.
The drink samples' protein levels varied from 2.93% to 7.06%. The outcomes are comparable to the 1.01 to 3.03% reported by Onuoha et al. (2025b) for chin chin made from millet and soybean composite flour. At 7.06%, the milk made entirely of tigernuts had the greatest protein level. The protein level of the tigernut drink was higher than that of the blends with watermelon and coconut juice. The samples differed significantly (p<0.05). The protein in the drink samples dropped as the amount of coconut and watermelon juice increased, most likely as a result of the dilution effect because these foods had lower protein contents.
The juice's moisture level varied between 64.95% and 75.00%. At 64.95%, the 100% tigernut juice had the lowest moisture level. The samples with 50% watermelon had the maximum moisture content, whereas the blends with coconut milk had lower moisture values (66.25–68.35%) than the tigernut drink blended with watermelon (69.82–75%). The samples differed significantly (p<0.05).
Mineral Composition of Tigernut Drink with Blends of Watermelon and Coconut Milk
Table 2: Mineral Composition of Tigernut Drink with Blends of Watermelon and Coconut Milk (mg/100g)
	SAMPLE
	ZINC
	IRON
	CALCIUM
	SODIUM
	POTASSIUM
	PHOSPHURUS

	T
	1.22c±0
	1.5a±0.7
	3.56a±0
	2.37c±0
	1.03e±0
	6.88e±0

	TW1
	1.98b±0
	0.99a±0
	2.83b±0
	2.18e±0
	1.32b±0
	7.13d±0

	TW2
	2.33a±0
	0.99a±0
	2.02d±0
	2.27d±0
	1.58a±0
	7.99a±0

	TC1
	1.03d±0
	1.02a±0
	2.34c±0.02
	2.88b±0.01
	1.1d±0
	7.8c±0

	TC2
	0.98e±0
	1.1a±0
	1.83e±0
	2.94a±0
	1.13c±0
	7.89b±0


Values are means ± SD of triplicate determinations. Values in the same column bearing similar superscripts are not significantly (p>0.05) different, while values in the same column with different superscript are significantly (p<0.05) different.
[bookmark: _Toc103583403]The drink samples' sodium concentrations varied from 2.18 to 2.88 mg/100g. The soldium concentration of the 100% tigernut milk was 0.26%. The tigernut drink mixed with watermelon (0.10–0.13%) had lower fat levels than the blends with coconut milk (2.14–3.89%), and the sample with 50% coconut milk had the highest value. The samples differed significantly (p<0.05). Due to the higher fat content of coconut, the fat in the drink samples increased as the amount of coconut milk increased.
The drink samples' calcium concentrations varied from 1.83 to 3.56 mg/100g. The findings are comparable to those of Onuoha et al. (2025), who reported 0.23 to 12.76 mg/100g for biscuits made with wheat and groundnut flour composite flour. The highest calcium level (3.56 mg/100g) was found in 100% tigernut milk. In comparison to the tigernut drink blended with watermelon (2.18–2.27%), the blends containing coconut milk had greater calcium levels (2.88–2.94 mg/100g); the sample containing 50% coconut milk had the greatest value. The samples differed significantly (p<0.05). The zinc levels in the drink samples rose as the amount of watermelon juice and coconut milk increased, most likely as a result of the increasing calcium content of these substances.
The drink samples' iron concentrations varied from 0.99 to 1.5 mg/100g. The findings are less than the 1.82 to 2.93 mg/100g reported by Adinkwu et al. (2025) for bread made with sorghum and Bambara groundnut flour composite. At 3.56%, the 100% tigernut milk had the greatest calcium level. Compared to the tigernut drink blended with watermelon (2.02–2.83 mg/100g), the blends with coconut milk had lower iron concentrations (1.83–2.34 mg/100g). The samples differed significantly (p<0.05). As the amount of watermelon and coconut milk in the drink samples increased, the iron content dropped, most likely as a result of the dilution effect because tigernut had a higher iron content.
[bookmark: _Toc103583405]The drink samples' zinc concentrations varied from 1.22 to 2.33 mg/100g. Compared to drinks supplemented with coconut milk, the 100% tigernut milk showed a higher zinc concentration. The tigernut drink blended with watermelon exhibited higher zinc concentrations (1.98–2.33 mg/100g) than the blends with coconut milk (0.98–1.98 mg/100g), and the sample with 50% watermelon juice had the greatest value. The samples differed significantly (p<0.05). The drink samples' zinc levels rose as the amount of watermelon juice increased, most likely as a result of an extra effect because watermelon juice contains more zinc.
Conclusion 
[bookmark: _Toc103583406]The current study has demonstrated that adding 50% tiger nut juice to a coconut and watermelon juice blend could result in a safe, ready-to-serve beverage with higher protein, fat, carbs, and mineral contents than the control sample. Despite having lower calcium and potassium contents than the control (100% tiger nut blend), the 50% water melon and 50% tiger nut juice incorporated beverages still contained significant amounts of these nutrients that will improve consumers' nutrition and health after consumption. The use of tiger nuts, which are now underutilized in Nigeria, will increase if watermelon and coconut juice blends are successfully supplemented with tiger nut juice.
Recommendation 
According to the study's findings, it is advised that 50% tigernut juice combined with water melon and coconut be produced and consumed as a functional food. To boost economic development and lower unemployment in society, small-scale industries should be established to increase the production of tiger nut milk, coconut, and water melon juice from tiger nut and water melon fruits. Additionally, more research should be done on the medicinal qualities of the coconut, tigernut, and water melon fruits.
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