


Quality Attributes of Blended Juices from Pineapple, Watermelon and Beetroot   

ABSTRACT
This study evaluated the physicochemical, nutritional, and sensory qualities of juice produced from blends of pineapple (Ananas comosus), beetroot (Beta vulgaris), and watermelon (Citrullus lanatus). Juice blends were formulated in five different proportions: Sample A (100% pineapple), Sample B (50% pineapple, 50% watermelon), Sample C (70% pineapple, 20% watermelon, 10% beetroot), Sample D (60% pineapple, 30% watermelon, 10% beetroot), and Sample E (50% pineapple, 40% watermelon, 10% beetroot) to determine the influence of blending ratios on parameters such as pH, total soluble solids, titratable acidity (TTA), vitamin C content, mineral composition, proximate composition, and sensory acceptability. The TSS values ranged from 8.37 ± 0.15 to 13.03 ± 0.15oBrix, with the highest recorded in the 100% pineapple sample. pH values ranged from 3.75 ± 0.09 to 4.16 ± 0.05, while titratable acidity varied inversely with pH, from 0.30 ± 0.02 to 0.61 ± 0.02%. The inclusion of beetroot and watermelon significantly influenced moisture, fibre, and mineral content. The vitamin C content ranged from 25.40 ± 0.10 to 43.10 ± 1.10 mg/100 g, showing that pineapple-rich blends had higher ascorbic acid levels. Sample D was the richest in mineral composition containing the highest level of magnesium, potassium and manganese. Sensory evaluation indicated that the blend containing 60% pineapple, 30% watermelon, and 10% beetroot achieved the highest overall acceptability (8.21 ± 0.97), combining desirable sweetness, colour, and flavour balance. The findings demonstrated that blending fruits with complementary properties improved the nutritional profile and sensory quality of juice products. The study concluded that the 60:30:10 formulation (Sample D) had the most balanced profile of sweetness and acidity, and highest score for taste, appearance and consumer acceptability;  while sample C had  enhanced nutrient composition. Therefore, sample D was recommended for commercial juice production based on overall acceptability.
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1.0   INTRODUCTION
Fruits are essential component of human diet because of their nutritional and health benefits. They are packed with vitamins, minerals, anti-oxidants and many phytonutrients (Danyo and Ivantsova, 2024). Fruits can be consumed fresh or squeezed into juice either for immediate consumption or for future use. Nigeria is blessed with variety of fruits such as pineapples, bananas, mangoes, oranges, watermelon, pawpaw, soursop among others. These fruits are highly perishable leading to post harvest losses (Etefa et al., 2022). Hence, fruits are traditionally and commercially processed into products such as wine, fruit juice, jam, jelly and alcoholic drinks to extend the shelf-life (Ashurst, 2016).
Fruit juices are liquid, non-alcoholic drink produced with a different degree of clarity and viscosity, obtained through squeezing of the fruits with or without addition of sugar or carbon dioxide (Cozma et al., 2017). They are low in calories and fat; they are excellent sources of simple sugars, dietary fibre, essential vitamins, minerals, amino acids and bioactive phytonutrients (Frąckiewicz, 2021). Fruits are high in antioxidants (Swallah et al., 2020). Daily intake of fruits is reported to protect the body and reduce the risk of cardiovascular disease, neurodegenerative disease, aging, cancer, skin related diseases, oxidative stress, and inflammation (Egbuta and Chima, 2022).
Pineapple and its products are known for their pleasant aroma and flavor. The fruit is rich in certain vitamins, minerals, polyphenol antioxidants, and other phytochemicals (Ali et al., 2020). Phytochemical screening of the pineapple revealed the presence of saponin, glycoside, flavonoid, tannins and vitamins such as B1, B2, B3, B5, B6, B9 and C. Minerals such as calcium, magnesium, phosphorous, potassium, sodium and zinc have also been identified in the fruit. The fruit juice helps digestion (Ikeyi et al., 2013).
Watermelon (Citrullus lanatus) is a fruit which belongs to the family of Cucurbitaceae and contain about 95% water (Ijaz et al., 2022). The fruit is round with reddish mesocarp having a lot of seeds. There are various species with different colored endocarp, for example, red flesh, yellow flesh, and orange flesh. Watermelon contains vitamins B1 and B6, potassium, calcium, iron, zinc and magnesium in addition to vitamin A and C which are generally common to all fruits and vegetables (Asfaw, 2022; Gladvin et al., 2017). Watermelon is rich in carotenoids some of which include lycopene, phytofluene, phytoene, beta-carotene, lutein and neurospnene (Nadeem et al., 2022).
Beetroot (Beta vulgaris L.) is an herbaceous biennial plant classified as one of the Chenopodiaceae family. The taproot found either in yellow pulp color or red where the red root is utilized in salad, juice, food coloring, and as a medicine that emerged along the Mediterranean coast (Kale et al., 2018). Beets are considered as one of the most effective vegetables, they are a source of betalain pigment in addition to phenolic acids such as gallic, syringic, and caffeic acids and flavonoids. Beetroot is also considered as a good source of minerals such as iron, calcium, phosphorus, potassium, sodium, and zinc, in addition to vitamins like biotin, niacin, and folate. It has anti-inflammatory and antioxidant effects, which scavenge free radicals from the cells promoting cancer prevention by inhibiting the tumor cells proliferation, reducing the risk of cardiovascular diseases, and expelling kidney stones (Abdo et al., 2020; Kale et al., 2018).
Pineapple, beetroot, and watermelon are rich in essential nutrients and bioactive compounds, and their combination in a juice blend offers the potential for enhanced nutritional synergy and health benefits. This study promotes the utilization and value addition of locally abundant but underutilized fruits, thereby reducing postharvest losses and supporting rural agro-economy development. The formulated juice has the potential to serve as a functional beverage that supports cardiovascular health, immunity, and overall well-being through its natural antioxidant and nutrient composition. The broad objective of this study was to evaluate the quality of juice from pineapple, watermelon and beetroot  blends.
2.0				MATERIALS AND METHODS
2.1	Source of Raw Materials
Pineapple, Watermelon and Beetroot fruit were purchased from the Railway market in Makurdi, and transported to the Food Science and Technology laboratory, Joseph Sarwuan Tarka University, Makurdi. 
2.2	Preparation of Raw Materials
[bookmark: _Hlk213225223]2.2.1	Preparation of Pineapple Juice
The method described by Mananga et al. (2023) was used for the preparation of pineapple juice. Fresh and ripe pineapple were washed with potable water. After washing, the pineapple were peeled and the cores and crown were removed. The pineapple were cut into small pieces and then blended in an electric blender.
[bookmark: _Hlk213225234]2.2.2	Preparation of Watermelon Juice
The watermelon juice was prepared using the method described by Egbuta and Chima (2022). Watermelon fruit was thoroughly washed with potable water to remove foreign extraneous materials. It was manually peeled using stainless steel kitchen knife and the seeds were separated from the pulp. The pulp was sliced and then mashed with a mechanical blender (Blixer 4 V.V., Robot Couple, France) to obtain a smooth paste. The blended pulp was transferred into a clean muslin cloth, then pressed with a fruit pulp presser (50 PI, VoranMaschinen GmbH, Austria) to separate the juice from the pulp to obtain watermelon juice
[bookmark: _Hlk213225229]2.2.3	Preparation of Beetroot Juice
Beetroot juice was prepared using the method described by Mananga et al. (2023). Fresh fully ripe sound beetroot was used for the extraction of pulp. After washing properly with potable water, the fruits were peeled with knife. The beetroot was cut into small pieces and then blended in an electric blender.
[bookmark: _Hlk213225259]2.3	Juice Production and Formulation
The mixed juice was prepared according to the method described by Mananga et al. (2023). The three pulps (pineapple, watermelon and beetroot) were mixed in different proportions and placed into a blender. The fruits were blended in the following ratios: Sample A:100 % pineapple; Sample B: 50% pineapple:50% watermelon; sample C: 70% pineapple: 20%watermelon:10%beetroot; sample D had 60% pineapple:30% watermelon:10% beetroot while sample E contained 50% pineapple:40% watermelon:10% beetroot. Blending and homogenization took place within 10 minutes. Medium-high speed setting of the blender was used.
[bookmark: _Hlk213225299]2.4	Physicochemical Analysis
[bookmark: _Hlk213225310]2.4.1	Determination of Total Soluble Solid (TSS)
A Reichert hand refractometer (AR200TM) was used to record total soluble solids, which was calibrated with distilled water. Using a pipette dropper, 2–3 drops of the sample were transferred to the refractometer prism. After that, the degree Brix was recorded.
[bookmark: _Hlk213225304]2.4.2	Determination of Total Titratable Acid (TTA)
Titratable acidity was determined according to the method described by AOAC (2015). Blended portion of the samples (1 g) were weighed and put into 50 ml centrifuge tube. About 10 ml of distilled water was added to the centrifuge tube. Afterwards, 1 ml aliquot of the solution was taken into another 50 ml centrifuge tube and 10 ml of distilled water was added to dilute the sample. The diluent (10 ml) was titrated against 0.1N NaOH solution using phenolphthalein (2 drops) indicator; percentage titratable acidity was calculated. The percentage citric acid was calculated using:

2.4.3	Determination pH
A pH meter (HANNA instruments, Model, 23044) was standardized with standard buffer solution 4.0 and 7.0. The pH was measured by inserting directly the electrodes into 10 ml beaker containing the sample, the value was read from the pH meter to determine the level of alkalinity or acidity of the product. The pH meter was rinsed with distilled water immediately after use before proceeding to the next sample. 
2.4.4 Determination of Vitamin C
Vitamin C (ascorbic acid) content was determined using the 2,6-dichloroindophenol (DCPIP) titrimetric method as described by AOAC (2015).
2.5 Proximate Analysis
Moisture content was determined by the standard AOAC (2012) official method by drying 3g (W1) of the samples to constant weight (W2) in air-oven (Uniscope, SM9053, England) at 105 ± 1 ºC for 3 h and the result was expressed as percentage of dry matter. The total protein content was determined using the Kjeldahl method (AOAC, 2012). Crude fat was determined by the AOAC (2012) method using Soxhlet apparatus (Sunbim, India). Ash content was determined by the official AOAC (2012) method using muffle furnace (Carbolite AAF1100, United Kingdom). Crude fibre was determined as described by AOAC (2012) using 2 g (W3) of ground sample which was extracted with n-hexane. Carbohydrate was determined by simple difference as described by Ihekoronye and Ngoddy (1985). 

2.6 Mineral Analysis
2.6.1	Determination of Magnesium
10 ml of the extract was measured into a conical flask for magnesium determination. Then 10 ml of ammonia buffer solution was added to the flask. 1ml of triethanolamine solution was added to the flask and three drops of potassium cyanide was added. Eriochrome Black T was added to the flask respectively and titrated against EDTA solution. 
Magnesium in mg = Titre value of EDTA x 0.243
Where: 
V = ml of 0.02 M EDTA; 0.02 = concentration of EDTA; W= weight in grams of sample extracted

2.6.2	Determination of Potassium
The concentrations of potassium present were determined using the method of Flame Photometry. The air-acetylene flame was used to measure the emissions of the potassium after diluting the digest. Afterwards, a curve of calibration was drawn for concentration against potassium emission and was compared to that of a standard solution (AOAC, 1990).
2.6.3	Determination of Calcium
10 ml of the extract was measured into 100 ml Erlenmeyer flask. Afterwards, 10 ml of 10 % potassium hydroxide solution was added followed by 1 ml of 30 % triethanolamine to the flask. Then, 3 drops of 10 % potassium cyanide and few drops of Eriochrome Black T indicator solution were added. The mixture was shaken to ensure homogeneity. Afterwards, the mixture was titrated with 0.02 N EDTA solutions from a red to blue end point.
Calcium (mg) = Titre value of EDTA x 0.4008

2.6.4	Determination of Manganese
The Shimadzu AA-7000 series Flame-Atomic Absorption Spectrophotometry (F-AAS) was used to determine the content of manganese.
2.7	Sensory Evaluation 
The juice samples formulated were subjected to sensory evaluation for the attributes of appearance, taste, aroma, mouth feel and overall acceptability. A semi-trained fifteen-member panel was used comprising of under graduate students. Scores were allocated by the panelists based on a 9-point Hedonic scale, ranging from 1 (dislike extremely) to 9 (like extremely). The data collected was subjected to statistical analysis to determine possible differences among samples.
[bookmark: _Toc136329080][bookmark: _Toc89955244][bookmark: _Toc72233434]2.8 	Statistical Analysis
The data obtained from the analysis was statistically analyzed using Statistical Package for Social Sciences (SPSS 27.0) to find out whether there was any significant difference among the samples. The results were expressed as mean standard deviation and the test for statistical significance was carried out using one-way analysis of variance (ANOVA).
3.0 Results and Discussion
3.1 Physicochemical Properties of Mixed Fruit Juice
The TSS values measured across the juice samples (Table 1) ranged from 8.37 ± 0.15 (Sample B) to 13.03 ± 0.15 o Brix (Sample A). Sample A, with 100% pineapple, recorded the highest TSS. This finding aligns with reports that pineapple yields higher soluble-solid concentrations due to its naturally higher sugar content and soluble solids content (Wabali and Oghenenyerhovwo, 2024). The significant drop in TSS in blends with higher watermelon content (e.g., Sample B) reflects watermelon’s higher water content and lower sugar concentration compared with pineapple, resulting in dilution of soluble solids in blend formulations (Egbuta and Chima, 2022). The intermediate TSS values in samples C, D and E reflected graded blending effects, that is blends with 70% pineapple (C) recorded 11.67 ± 0.15, while lower pineapple proportions produced further reductions. This TSS values were higher than those reported by Patir et al. (2019) in their mixed fruit juice from orange, apple and mosambi. The TTA content in this study (0.30-0.61%) was similar to those reported by Patir et al.(2019) which ranged from 0.35 to 0.59%. Similar pH values were reported both in this study (3.75 to 4.16%)  and Patir et al. (2019) who reported values which ranged from 4.92 to 5.01.  Sample B (50:50 pineapples: watermelon) displayed the highest pH and lowest TTA. This inverse relation between pH and TTA is typical in fruit-juice systems: lower pH often corresponds with greater acid concentrations (higher TTA) (Egbuta and Chima, 2022). The results underscore how blending with less acidic fruit (watermelon) raises pH and lowers acidity; similarly, beetroot inclusion influences acidity levels depending on its acid composition and buffering capacity (Jumde et al., 2015). The moderately acidic pH values across samples are suitable for microbial stability of juices, since acidity (typically pH ≤ 4.6) aids suppression of spoilage microorganisms (Costescu et al., 2006). The highest acidity in Sample A may contribute to longer shelf stability but perhaps stronger tangy flavour; blends with higher watermelon or beetroot may offer milder acidity, which could improve acceptability for some consumers. The vitamin C content of the juice samples in this study (Table 1) ranged from 25.40 to 43.10mg/100g. Mananga et al. reported slightly higher vitamin content values which ranged from 23.56 to 50.85mg/100ml.  The high value for 100% pineapple is expected because pineapple is a rich source of vitamin C compared with watermelon and beetroot (Ivanova et al., 2019; Cook, 2009). The reduction in vitamin C in samples with higher watermelon and beetroot proportions corroborates blending studies where addition of lower-vitamin fruits dilutes the vitamin C content of the final product (Egbuta and Chima, 2022). This decline may reflect dilution of high-vitamin-C fruit by lower-vitamin-C fruits and potential losses during processing (heat, oxygen exposure) (Hounhouigan et al., 2020).
Table 1: Physicochemical Properties of mixed fruit juice from Pineapple, Watermelon and Beetroot
	Sample
	TSS
	TTA
	pH
	Vitamin C

	A
	13.03a± 0.15
	0.61a ± 0.02
	3.75d ±0.09
	43.10a ± 1.10

	B
	8.37e ± 0.15
	0.30d ± 0.02
	4.16a ± 0.05
	27.77d ± 0.25

	C
	11.67b ± 0.15
	0.49b ± 0.01
	3.96c ± 0.07
	37.00b ± 0.30

	D
	10.40c ± 0.20
	0.43c ± 0.01
	4.04bc ± 0.01
	30.27c ± 0.25

	E
	9.67d ± 0.06
	0.46c ± 0.02
	4.14ab ± 0.02
	25.40e ± 0.10


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different by Duncan’s multiple range tests (p< 0.05)
Key: A=100% Pineapple, 0% Watermelon, 0% Beetroot; B=50% Pineapple, 50% Watermelon, 0% Beetroot; C= 70% Pineapple, 20% Watermelon, 10% Beetroot; D= 60% Pineapple, 30% Watermelon, 10%Beetroot; E= 50% Pineapple, 40% Watermelon, 10% Beetroot
3.2 Proximate Composition of Mixed Fruit Juices from Pineapple, Watermelon and Beetroot
Table 2 shows the proximate composition of the fruit juices  which indicated that moisture content ranged from 85.25 ± 0.38% (Sample A) to 90.02 ± 0.39% (Sample B). Correspondingly, carbohydrate content ranged from 8.93 ± 0.37% (Sample B) to 13.97 ± 0.36% (Sample A). The higher moisture in B reflected its equal pineapple: watermelon composition (50:50) and the high water content of watermelon (Cook, 2009). In contrast, the higher carbohydrate in Sample A aligned with its higher °Brix and soluble solids from pineapple (Ivanova et al., 2019).Mananga et al. (2023) reported similar moisture content values ranging from 91.46 to 94.36% while carbohydrate content ranged from 4.38 to 7.16%. Crude protein, fat, fibre and ash also differed significantly: Sample C (70% pineapple, 20% watermelon, 10% beetroot) recorded the highest crude protein (0.49 ± 0.02%) and fibre (0.36 ± 0.02%); Sample A recorded the    lowest fibre (0.16 ± 0.07%) and fat (0.13 ± 0.02%). The elevated fibre and protein in beetroot-containing blends (C, D) reflected beetroot’s moderate fibre and protein composition (Abdo et al., 2020). Patir et al. (2019) recorded slightly higher crude protein content values which ranged from 0.24 to 0.78% in their mixed fruit drink. Mananga et al. (2023) reported fat content values which ranged from 0.12 to 0.26%. The crude fibre content ranged from 7.46 to 12.84% according to Patir et al.(2019). Generally, fruit juices contain low protein and fat, which is consistent with previous juice composition reports ( Mananga et al., 2023; Egbuta and Chima, 2022; Patir et al., 2019). 
Table 2: Proximate Composition (%) of Mixed Fruit Juice from Pineapple, Watermelon and Beetroot
	Samples
	Crude Protein
	Fat
	Crude Fibre
	Ash
	Moisture
	Carbohydrate

	A
	0.32d ± 0.02
	0.13b ± 0.02
	0.16d ± 0.07
	0.21e ± 0.01
	85.25e ± 0.38
	13.97a ± 0.36

	B
	0.42b ± 0.03
	0.11b ± 0.03
	0.23c ± 0.02
	0.29d ± 0.02
	90.02a ± 0.39
	8.93e ± 0.37

	C
	0.49a ± 0.02
	0.20a ± 0.04
	0.36a ± 0.02
	0.47a ± 0.03
	87.10d ± 0.12
	11.41b ± 0.20

	D
	0.47a ± 0.01
	0.17a ± 0.01
	0.29b ± 0.01
	0.42b ± 0.02
	88.01c ± 0.02
	10.65c ± 0.02

	E
	0.36c ± 0.01
	0.19a ± 0.01
	0.25bc ± 0.02
	0.35c ± 0.02
	89.00b ± 0.07
	9.86d ± 0.07


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different by Duncan’s multiple range tests (p< 0.05)
3.3 Mineral Composition of Mixed Fruit Juices from Pineapple, Watermelon and Beetroot
Table 3 presents the mineral composition (Mg, K, Ca, Mn) in mg/100 g juice. Magnesium ranged from 3.95 ± 0.02 (C) to 4.35 ± 0.05 (D); potassium from 2.94 ± 0.00 (C) to 3.19 ± 0.01 (D); calcium  from 5.89 ± 0.01 (C) to 6.48 ± 0.03 (E); manganese from 0.19 ± 0.01 (C) to 0.27 ± 0.01 (D). Sample D (with the blend of 60% pineapple, 30% watermelon, 10% beetroot) recorded the highest magnesium and potassium. The elevated mineral levels in beetroot-containing juice are consistent with beetroot’s documented richness in minerals such as Ca, Mg and K (Putradamni  and Pramitasari, 2024). The highest calcium in Sample E (with 40% watermelon, 10% beetroot) may reflect the beetroot contribution in that blend. These findings affirm that blending fruits with varying mineral profiles enhances the micronutrient content of the final juice product. For example, a study by Mananga et al. (2023) found that mixing pineapple and beetroot elevated mineral content relative to single-fruit juices. The authors reported that calcium and magnesium content values ranged from 5.28 to 6.32 mg/100ml and 5.26 to 8.13 mg/100ml respectively.

[bookmark: _Hlk213253419]Table 3: Mineral Composition (mg/100g) of Mixed Juice
	Samples
	Magnesium
	Potassium
	Calcium
	Manganese

	A
	4.21b ± 0.01
	3.12b ± 0.01
	6.39b ± 0.01
	0.26a ± 0.01

	B
	3.99d ± 0.01
	2.97c ± 0.01
	5.92c ± 0.02
	0.22b ± 0.01

	C
	3.95d ± 0.02
	2.94d ± 0.00
	5.89c ± 0.01
	0.19c ± 0.01

	D
	4.35a ± 0.05
	3.19a ± 0.01
	6.41b ± 0.02
	0.27a ± 0.01

	E
	4.08c ± 0.02
	2.96c ± 0.01
	6.48a ± 0.03
	0.19c ± 0.02


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different by Duncan’s multiple range tests (p< 0.05)
3.4 Sensory Attributes of Mixed Fruit Juice from Pineapple, Watermelon and Beetroot
Sensory evaluation (Table 4) assessed  appearance, aroma, mouthfeel, taste and overall acceptability using a 9-point hedonic scale. Sample D (60% pineapple, 30% watermelon, 10% beetroot) recorded the highest overall acceptability (8.21 ± 0.97) and top scores for taste and mouthfeel (8.27 ± 0.96). Sample A (100% pineapple) also performed well (overall 8.07 ± 1.03), while Sample C (70% pineapple, 20% watermelon, 10% beetroot) scored the lowest overall acceptability (6.67 ± 1.11). The superior acceptability of Sample D suggests that the 60:30:10 ratio provided an optimal balance of sweetness (from pineapple), juiciness/refreshment (from watermelon) and colour/health appeal (from beetroot), a pattern seen in earlier blending studies where blending a sweet fruit with a milder, refreshing fruit improved consumer acceptance (Egbuta and Chima, 2022; Oyeleke et al., 2013). The lower acceptability for Sample C may reflect a less favourable sweet–acid balance or perhaps more prominent beetroot flavour at that ratio, since beetroot can impart earthy notes that some consumers find less desirable (Abdo et al., 2020). This indicates that while beetroot addition enhances nutritional/mineral value, its proportion must be moderated to maintain consumer acceptability. Patir et al. (2019) reported mouthfeel scores ranging from 7.33 to 8.44 while overall acceptability scores ranged from 7.28 to 8.37 respectively. These findings underscore the importance of sensory evaluation in formulation; even nutritionally richer blends may be rejected if sensory quality is compromised.
[bookmark: _Hlk213253527]Table 4: Sensory Attributes of Mixed Juice
	Samples
	Aroma
	Appearance
	Mouthfeel
	Taste 
	Overall Acceptability

	A
	8.07a ± 1.16
	7.93ab ± 1.03
	7.80ab ± 1.32
	7.47ab ± 1.30
	8.07ab ± 1.03

	B
	7.40ab ± 1.12
	7.60ab ± 0.91 
	7.60ab ± 0.91
	7.33b ± 0.90
	7.71ab ± 0.83

	C
	6.40c ± 1.12
	7.27b ± 1.22
	6.13c ± 0.99
	6.27c ± 1.03
	6.67c ± 1.11

	D
	7.87a ± 1.19
	8.13a ± 1.12
	8.27a ± 0.96
	8.27a ± 0.96
	8.21a ± 0.97

	E
	6.93bc ± 1.28
	7.53ab ± 0.91
	7.00b ± 1.20
	7.00bc ± 1.36
	7.33bc ± 1.11


Values are means ± standard deviations of triplicate determinations. Means in the same column with different superscripts are significantly different by Duncan’s multiple range tests (p< 0.05)

4.0 Conclusion and Recommendation
The study investigated the physicochemical, proximate, mineral and sensory properties of mixed fruit juices from pineapple, watermelon and beetroot. Adding watermelon diluted the physicochemical properties of the juices while beetroot addition exhibited a buffering effect, leading to a more balanced profile. Sample D (60% Pineapple, 30% Watermelon, 10% Beetroot) was identified as having the most balanced profile of sweetness and acidity while sample C was the most nutrient-rich, having the highest levels of protein, fat, fibre and ash. Sample D received the highest scores for appearance, taste and overall acceptability. Therefore, sample D was recommended for commercial juice production as the most acceptable formulation. As people in the modern world are increasigly striving for healthy foods and beverages, fruit juices are frequently consumed as refreshments because they provide essential nutrients and promote a healthy lifestyle. Blending different fruit juices enhances palatability and improves the nutritional profile of beverages.    
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