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MICROBIOLOGICAL AND QUALITY ASSESSMENT OF READY-TO-SERVE BEVERAGE PRODUCED FROM BLENDS OF YOGHURT AND WATERMELON JUICE

Abstract
This study evaluated the microbiological and qualitative properties of a ready-to-serve beverage produced from blends of yoghurt and watermelon juice. Yoghurt, known for its probiotic benefits, and watermelon juice, valued for its hydrating and antioxidant properties, were combined in varying proportions (10%–50% substitutions) to assess their impact on microbial load and product stability. The microbiological analysis focused on Total Viable Bacterial Count (TVBC), Total Coliform Count (TCC), and Yeast and Mould Count. Results showed that pure yoghurt exhibited the highest TVBC (5.87 × 10⁴ CFU/mL) due to the presence of live probiotic cultures, while blends with higher watermelon juice content demonstrated significantly reduced bacterial counts, suggesting a possible inhibitory effect of watermelon components. All samples tested negative for coliforms, indicating good hygienic practices during processing. Interestingly, yeast and mould counts were highest in yoghurt-watermelon blends (especially YG70–WM30: 1.71 × 10² CFU/mL), suggesting that the combination of sugar, moisture, and protein provided favourable conditions for fungal growth. These findings highlight the importance of careful formulation and preservation in dairy-fruit beverages. Future work should explore spoilage dynamics during storage and investigate natural antifungal strategies to improve shelf life and safety.
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INTRODUCTION
“Yoghurt is the most common among the dairy products consumed around the world, and its sensory attributes have a large effect on consumer acceptability” (Matin et al., 2018). “Yoghurt is perhaps the oldest fermented milk product known and consumed by large segments of our population either as a part of their diet or as a refreshing beverage” (Prasanna et al., 2018). “It is a nutritionally balanced food containing almost all the nutrients present in milk but in a more assimilable form” (Olugbuyiro, 2011). “It is believed that yoghurt has valuable therapeutic properties and helps cure gastrointestinal disorders” (Bhattarai and Das, 2016). “Yoghurt is produced when milk or milk products coagulate, causing the lactic acid contained in it to coagulate, via the action of bacterial enzymes lactase provided by the bacteria Streptococcus thermophilus, Lactobacillus bulgaricus break down the sugar compound glucose and galactose that the lactose is composed of, under anaerobic conditions” (Santos et al., 2025). “But at the same time, yoghurt is highly vulnerable to bacterial contamination and hence it is easily perishable” (Girma et al., 2014). “Therefore, to create public health concern, microbiological assessments are necessary for yoghurt. Effective food safety measures, including refrigeration, heat treatment, and antimicrobial packaging, help control microbial contamination.  Microbiology enables the identification of microorganisms of interest and provides insights into microbial ecology, sources of contamination, and potential contamination points” (Taiwo et al., 2024). “This can be achieved by monitoring the microbiological quality of raw milk supplies, bulk milk, and finished milk products immediately after production and during storage. Microbiological parameters are generally used to verify these conditions, especially by yeasts & moulds, coliforms, and total viable bacteria enumeration. Coliforms are responsible for the development of objectionable taints in milk and milk products, rendering them of inferior quality or even unmarketable” (Yabaya and Idris, 2012). “Food spoilage fungi (i.e., yeasts and moulds) can grow under conditions that are normally prohibitive to bacterial growth (e.g., low pH, low aw), and many also grow at low temperatures, making them particularly well-suited to growth in yoghurt and other cultured dairy products. Hence, the primary organisms that cause spoilage of yoghurt and other cultured dairy products are fungi” (Martin et al., 2021).
“Watermelon (Citrullus lanatus) belongs to the Cucurbitaceae family and is cultivated in almost all the warm regions of the world. It can exist in different colours such as red, orange, and yellow, depending on the lycopene and β-carotene contents” (Olalekan et al., 2025). “It is used as a dessert fruit and a thirst quencher in the very dry parts of Africa; it is relished by both man and domestic animals as a source of water. Watermelon is rich in vitamin C, vitamin A, vitamin B, amino acids, and carotenoids, lycopene. The red flesh of watermelon contains some vitamin A” (Khojiyeva 2025). “Watermelon contains phenolics, which are mainly hydroxycinnamic acid derivatives and a large amount of lycopene, giving it its characteristic red colour and powerful antioxidant activity. This fruit is free from cholesterol, which can elevate heart-related problems, hence preventing heart attacks. However, freshly extracted juices may not always be safe owing to the heavy load of microbes. Major ingredients of juices such as water, sugar, natural fruit pulp, etc, may also carry some microbial contaminants which may cause spoilage of the drinks or gastrointestinal disorders to consumers” (Asha et al., 2014). “Watermelon is a fruit with high moisture content” (Erukainure et al., 2010), and “this characteristic makes it highly susceptible to microbial spoilage caused by Gram-positive bacteria. Some of these microorganisms include Salmonella spp, Bacillus subtilis, Staphylococcus aureus, Proteus spp, Enterobacter spp, Saccharomyces cerevisiae, Mucor sp, Penicillium spp, and Aspergillus niger” (Obinna et al., 2020). Feng et al. (2024) reported that “the possible growth of L. monocytogenes on fresh-cut cantaloupe, watermelon, papaya, pineapple, lettuce, carrots, beetroot, and mini spinach, although the results were highly dependent on the produce type and the storage temperature. Other reports have also found an increasing growth rate of L. monocytogenes on fresh-cut cantaloupe, watermelon, and honeydew as the storage temperature increased from 4 to 25 °C”.
Therefore, the objective of the study was to assess the microbiological quality of yoghurt and watermelon juice blends.
MATERIALS AND METHODS 

Collection of Raw Materials 

The watermelon fruits, cow milk powder, sugar, lactic acid bacteria starter culture, and carboxymethyl cellulose were purchased from King’s market in Benin City, Edo State, Nigeria. The materials were kept in a refrigerator at 10 °C before use. Reagents used were of analytical grade and were obtained from the Department of Biological Sciences, Benson Idahosa University, Nigeria. 




Preparation of Yoghurt 

Yoghurt was produced as described by Ibrahim et al. (2020), with slight modifications. Powdered milk (1.2 kg) was reconstituted in 12L of warm water (40°C). The milk sample was mixed and homogenised properly using an electric blender according to Ibrahim et al. (2020). Lukewarm milk (100 ml) pasteurised at 43°C, was used to dissolve 2 g of the starter culture containing a mixture of Lactobacillus bulgaricus and Streptococcus thermophilus in a sterile beaker. The prepared homogenised milk was pasteurised at 85°C and held at the same temperature for 10 min. The pasteurised milk was cooled to 43°C and inoculated with the prepared starter culture. The inoculated milk was incubated at 43°C in an incubator for 6 h without agitation. The cultured milk (yoghurt) was stored at 4°C before use.
Preparation of Watermelon Juice 

Watermelon juice was prepared as described by Alam et al. (2013). The fresh and ripe watermelon fruits were washed in clean potable water, cut into halves, and then the rind and the seeds were removed. The de-seeded fruits were rewashed, drained, cut into cubes, and then blended using a fruit processor. The watermelon juice was then collected from the juice cup and pasteurised at 72 0C for 15 min, cooled to ambient temperature, packaged in plastic containers, and then stored in the refrigerator at 4 0C before use.
 Incorporation of Watermelon Juice into Yoghurt 

The ready-to-serve beverage was prepared as described by Joseph and Akubor (2024). The watermelon juice was used to substitute 10, 20, 30, 40, and 50% of yoghurt in a food blender that was operated at full speed (3600 rpm) for 10min.  Carboxymethyl cellulose was used as a binder to avoid separation after the mixture of the beverages was obtained. The 100% Yoghurt served as the control. The samples were packaged in plastic bottles and stored in a refrigerator at 40C before use.


Table 1: Formulation (%) of Yogurt and Watermelon Juice Blends
	Yoghurt
	Watermelon Juice

	100
	0

	0
	100

	90
	10

	80
	20

	70
	30

	60
	40

	50
	50


Joseph & Akubor 2024


Analytical Methods
Collection of samples 
The samples of the beverage were collected from the blend formulation under sterilised conditions. All glassware, media, and instruments were sterilised before use to maintain aseptic conditions throughout the procedure. Each sample analysis was conducted in triplicate for accuracy.

Estimation of the organism 
Materials used in the study works were reagents, samples, a Petri dish, distilled water, glassware, a burner, a spreader, a conical flask, etc. Serial dilutions of samples were made up to 107 in Rangers Solutions. Standard guidelines for the preparation of milk and milk product samples were used based on the methods of ISO 8261:2001 (Gebremichael et al., 2024). TBC was enumerated on plate count agar (HiMedia Ltd., Mumbai, India) according to ISO 4833:2003 (Deddefo et al., 2023).  The milk samples positive for the CMT were subjected to bacterial isolation in MacConkey agar (M7408; M/s HiMedia Laboratories Pvt. Ltd., Thane (West), Maharashtra, India). Sabouraud dextrose agar media was prepared by the standard method recommended by HiMedia Laboratories Pvt. Ltd (Matin et al., 2018).

Microbiological Analysis

Total Viable Bacterial Count (TVBC) 
Total Viable Bacterial Count (TVBC) provides a quantitative estimate of the population of viable microorganisms present in the yoghurt-watermelon juice blends. The procedure was carried out using the pour plate technique with Plate Count Agar (PCA), following the standard method outlined by Atallah (2015) and recommended by the American Public Health Association (APHA, 2015). Aseptically, 1 ml of each yoghurt-watermelon blend sample was transferred into 9 ml of sterile diluent (Ringer's solution) to obtain a 10⁻¹ dilution. A series of seven-fold serial dilutions was then prepared up to 10⁻⁷ by transferring 1 ml from the previous dilution into another 9 ml of diluent, mixing thoroughly at each step. From each dilution (typically 10⁻³ to 10⁻⁶), 1 ml was aseptically transferred into sterile Petri dishes. Approximately 15–20 ml of molten (45°C) Plate Count Agar was poured into each dish. The plates were gently swirled to ensure even distribution of the sample and left to solidify at room temperature. The plates were incubated inverted at 37°C for 24–48 hours. Colonies were counted using a colony counter, and plates with 30 to 300 colonies were considered for enumeration. TVBC was calculated and expressed as colony-forming units per millilitre (CFU/ml) using the formula:
TVBC (CFU/ml) = 

Coliform Counts Total (TCC) 
Coliform count was measured by using MacConkey agar medium (Matin et al., 2018). According to the pour plate technique, 1 ml of each sample was transferred into a sterile plate and 15-20 ml of the selected media was added. The medium was mixed immediately and shaken for 5-10 seconds. Typical pink colonies were counted for the determination of Total Coliform Count after incubation of plates at 37 °C for 24 hours. 

Total Yeast & Mould Count
Yeast and mould counts (YMCs) were determined using sterile Sabouraud dextrose agar (SDA) supplemented with streptomycin and chloramphenicol (Fereja et al., 2023). 0.5 ml sample was taken and diluted up to 10 ml by using peptone water. Then, 1 ml of that preparation was inoculated on a Sabouraud dextrose Agar plate. Finally, it was incubated at 37 °C for 2-5 days. Then yeast and mould colonies were counted separately from here.

Statistical Analysis 

Laboratory data were stored in the MS Excel 2007 programme before exporting to STATA/IC-13 for analysis. Descriptive analysis was performed to determine Total Viable Bacterial Count (TVBC), Total Coliform Count (TCC), and Total yeast and mould count.


RESULTS AND DISCUSSION
The microbial analysis of the yoghurt-watermelon juice blends revealed significant variations in both Total Viable Bacterial Count (TVBC), Total Coliform Count (TCC), and Yeast and Mould Count across different formulations (Tables below). These variations are influenced by the proportion of yoghurt and watermelon juice in the blends, reflecting the microbial load introduced by each component and their interaction.
Total Viable Bacterial Count (TVBC) and Total Coliform Count (TCC)
The TVBC ranged from 6.33 × 10² to 5.87 × 10⁴ CFU/ml, with the 100% yogurt (YG) sample exhibiting the highest bacterial load 5.87 × 10⁴ CFU/ml, while blends with higher watermelon juice content such as YG80 - WM20 (80% yogurt, 20% watermelon) and YG90 - WM10 (90% yogurt, 10% watermelon) recorded the lowest counts 6.33 × 10² and 8.33 × 10² CFU/ml respectively. This trend aligns with previous studies indicating that pure yoghurt, due to its probiotic starter cultures like Lactobacillus bulgaricus and Streptococcus thermophilus, generally harbours a higher viable bacterial population compared to fruit juice blends (Vedamuthu, 2013; Ranadheera et al., 2013; Ibrahim et al., 2020). The total viable bacterial count (TVBC) of juice blends is a fundamental indicator of the overall microbiological quality and hygiene status of a food product. It reflects the population of aerobic mesophilic bacteria present and offers insight into both the effectiveness of processing methods and the stability of the product during storage. In the context of juice blends made from watermelon (WM) and yoghurt (YG), the TVBC values observed in this study reveal interesting patterns regarding microbial ecology, ingredient interactions, and potential safety or spoilage risks. Watermelon juice (WM) alone recorded a TVBC of 2.20 × 10³ CFU/mL, suggesting a modest bacterial load. Watermelon, due to its high water activity, natural sugars, and neutral to slightly acidic pH, is an ideal substrate for microbial growth if not properly handled (Perkins-Veazie et al., 2012). The relatively low count here implies some level of hygienic handling, though this still signals the presence of ambient flora possibly introduced during cutting, juicing, or through contaminated surfaces. Such bacterial populations, though not necessarily pathogenic, can contribute to spoilage or serve as reservoirs for opportunistic pathogens if the juice is improperly stored. Yoghurt (YG), on the other hand, displayed a significantly higher TVBC at 5.87 × 10⁴ CFU/mL. This elevated count is expected and not alarming; in fact, it reflects the presence of live beneficial bacteria such as Lactobacillus and Streptococcus species intentionally introduced during fermentation (Garofalo et al., 2023). These organisms not only define the probiotic character of yoghurt but also contribute to its health-promoting effects. Their presence in high numbers is, in fact, desirable in fermented dairy products, as they enhance gut health and may inhibit pathogenic organisms through competitive exclusion and the production of organic acids and bacteriocins (Ahansaz et al., 2023). Thus, the higher bacterial count in yoghurt does not denote spoilage or contamination, but rather represents viable probiotics. Interestingly, when the yoghurt is blended with watermelon in equal proportion 50% yoghurt, 50% watermelon, YG50–WM50), the TVBC drops sharply to 1.70 × 10³ CFU/mL, even lower than that of pure watermelon juice. This reduction is notable and suggests a potential inhibitory interaction between the two ingredients. One possible explanation lies in the dilution of viable yoghurt cultures by the watermelon matrix, which may either physically reduce their numbers or create an environment less conducive to their survival, possibly due to lower acidity or a shift in nutrient availability. Alternatively, antimicrobial compounds naturally present in watermelon rind and pulp, such as cucurbitacins or phenolics, may exert a bacteriostatic effect (Athanasiadis et al., 2023). 
The YG60–WM4 (60% yoghurt, 40% watermelon) blend, with a higher yoghurt proportion, shows an increase in TVBC to 3.90 × 10³ CFU/mL. This aligns more closely with expectations, as higher yoghurt content would logically support the survival of more probiotic bacteria. However, the count remains much lower than in pure yoghurt, indicating that even small proportions of watermelon can significantly suppress the viability or detectability of yoghurt cultures. A similar trend is observed in the YG70–WM30 (70% yoghurt, 30% watermelon) blend, where the TVBC measures 2.93 × 10³ CFU/mL. This again reflects an intermediate microbial population, consistent with the transition toward yoghurt dominance in the blend. What stands out here is the non-linear relationship between yoghurt proportion and viable bacterial count, suggesting that other factors, possibly including the physical interaction of the matrix, pH changes, or oxygen availability, influence the viability of the microbiota in these combinations. The blends YG80–WM20 (80% yoghurt, 20% watermelon) and YG90–WM10 (90% yoghurt, 10% watermelon) showed notably low TVBCs of 6.33 × 10² and 8.33 × 10² CFU/mL, respectively. These findings are somewhat counterintuitive, as one would expect that increasing yoghurt concentration would increase the viable bacterial count. Instead, these results point toward a complex interaction where either the processing conditions (e.g., blending speed, exposure to oxygen or light), storage temperature, or intrinsic antimicrobial properties of the mixed matrix could be compromising bacterial viability. It is also possible that certain physicochemical changes in these higher yoghurt blends, such as a shift in osmotic pressure or a more compact texture, might have affected the plating efficiency during microbial enumeration, resulting in lower counts. The sudden dip in bacterial load in these higher yoghurt-containing blends could also be attributed to sample acidification beyond the tolerance level of some yoghurt bacteria. Over-acidification can lead to autolysis of Lactobacillus strains and thus a decline in viable counts over time, especially in mixed juice environments where fermentation may continue during storage (Xu et al., 2015). “During refrigeration, fermented milk can experience post-acidification due to the continued metabolic activity of LAB. Even at low temperatures (0–5 °C), the enzyme β-galactosidase remains active, allowing bacteria to further break down lactose. In addition, the decrease in Lactobacillus strain counts during storage may be linked to FCM post-acidification” (Shori, 2024). Another possibility is that watermelon juice, though less acidic than yoghurt, contains oxidative enzymes such as peroxidase and polyphenol oxidase that may have affected the survivability of yoghurt cultures in the presence of oxygen during processing. In sum, the total viable bacterial count of the juice blends reflects the interplay of probiotic viability, potential antimicrobial properties of fruit juice, and processing conditions. Yoghurt alone showed the highest viable count due to its probiotic nature. Watermelon had a modest microbial load, typical of raw fruit juices. However, blending the two ingredients led to generally reduced viable counts, especially in combinations with high yoghurt concentrations, which may seem paradoxical but highlights the complexity of food matrix interactions. These findings emphasise the need to optimise blending ratios not only for sensory and nutritional benefits but also for ensuring the viability of functional microbiota in probiotic beverages. 
The results of the coliform analysis showed no presence of coliform bacteria in any of the samples. This corresponds with regulatory expectations in dairy safety guidelines that pasteurised milk and yoghurt should have extremely low coliform (Martin et al., 2016; Zubairi et al., 2021). This absence indicates that good manufacturing practice where effectively implemented during the production of juice blends.
This absence indicates that Good Manufacturing Practices were effectively implemented during the production of the juice blends.




Table 2: Enumeration of Total Viable Bacterial Count and Total Coliform Count of Juice blends in (CFU/mL)
	Sample
	TVBC CFU/ml ± SD
	TCC CFU/ml ± SD
	

	WM
	2.20 × 10³ ± 1.04
	-
	

	YG
	5.87 × 10⁴ ± 2.96
	-
	

	YG50 – WM50
	1.70 × 10³ ± 2.00
	-
	

	YG60 – WM40
	3.90 × 10³ ± 9.02
	-
	

	YG70 – WM30
	2.93 × 10³ ± 5.51
	-
	

	YG80 – WM20
	6.33 × 10² ± 3.06
	-
	

	YG90 – WM10
	8.33 × 10² ± 3.21
	-
	


Values are expressed as Mean ± Standard Deviation (cfu/mL) in scientific notation. WM = 100% watermelon, YG = 100%  yoghurt
[image: ]
Figure 1: Total Viable Bacterial Count (TVBC) of the Sample Blends


Yeast and Mould Count
The results obtained from the yeast and mould enumeration in the various yoghurt-watermelon juice blends show a distinct trend that reflects the influence of blend composition on microbial growth potential. Interestingly, the pure watermelon juice (WM 100%) sample recorded the lowest fungal load (2.37×10¹ cfu/mL), while the blended samples, particularly those containing higher proportions of yoghurt, exhibited markedly elevated counts. The highest count was observed in the YG70-WM30 (70% yogurt, 30% watermelon) sample 1.71×10² cfu/mL, followed closely by YG50-WM50 (50% yogurt, 50% watermelon), YG90-WM10 (90% yogurt, 10% watermelon), and YG80-WM20 (80% yogurt, 20% watermelon), all of which ranged around 1.5×10² cfu/mL. In contrast, pure yoghurt (YG 100%), though containing a higher microbial load than watermelon, had a lower count (4.67×10¹ cfu/mL) compared to most of the blended samples. The relatively low fungal count in the watermelon juice may be attributed to the fruit’s natural antimicrobial properties and relatively low protein content, which may not support sustained fungal proliferation. Watermelon contains high levels of lycopene, vitamin C, and other antioxidants known to exert antimicrobial effects, possibly limiting the viability of spoilage fungi (Hassan et al., 2011). Moreover, if processed under hygienic conditions, fresh watermelon juice may have minimal initial contamination.
On the other hand, yoghurt provides a nutrient-rich environment conducive to the growth of yeasts and moulds. Although yoghurt is a fermented product with low pH (typically between 4.0 and 4.5), yeast species have higher survivability in low pH (1.5), and thus are promising candidates as probiotics (Tamang & Lama, 2022). Furthermore, the presence of proteins, fats, and minerals in yoghurt makes it a favourable substrate for microbial growth once the product is exposed to air or handled post-fermentation. Interestingly, the blended samples demonstrated higher fungal loads than either of the pure components. This suggests a synergistic effect whereby the blending of yoghurt with watermelon juice creates a more favourable environment for fungal growth than either juice alone. This could result from a combined effect of nutrient availability from yoghurt and the moisture and sugar content from watermelon, thus enhancing the water activity and carbon availability, both essential for fungal metabolism (Ray & Bhunia, 2013). Additionally, the process of blending itself may introduce aeration, leading to oxidative conditions that favor mold development, particularly in the presence of residual oxygen in packaging or storage containers.
The standard deviations observed, particularly in samples such as YG70-WM30 (70% yoghurt, 30% watermelon) (±24.53) and YG80-WM20 (80% yoghurt, 20% watermelon) (±22.05), highlight variability in microbial distribution among triplicate samples. This may be due to inconsistencies in homogenization, sample handling, or slight differences in incubation conditions. Nonetheless, the consistency in the trend of higher counts in blended samples supports the reliability of the findings. The presence of elevated fungal counts in yoghurt-watermelon blends raises important considerations for product safety and shelf stability. According to Buehler et al. (2018), fungal counts exceeding 10² cfu/mL in beverages are indicative of spoilage potential and may warrant rejection or further processing. Although all counts in the current study fall within this range, the results suggest that without proper pasteurisation, storage under refrigeration, or the addition of preservatives, the blends, especially YG70-WM30 (70% yoghurt, 30% watermelon) and YG50-WM50 (50% yoghurt, 50% watermelon), may undergo spoilage more rapidly than their single-component counterparts. These findings align with similar studies on juice and dairy blends. 


Table 3: Enumeration of Yeast and Mold of Juice blends in (CFU/mL)
	Sample 
	Fungal CFU/ml ± SD

	WM
	2.37 × 10¹ ± 4.73

	YG
	4.67. × 101 ± 3.51

	YG50 – WM50
	1.59 × 10² ± 13.12

	YG60 – WM40
	1.18 × 10² ± 7.55

	YG70 – WM30
	1.71 × 10²  ± 24.53

	YG80 – WM20
	1.53 × 10²  ± 22.05

	YG90 – WM10
	1.55 × 10² ± 13.12


Values are expressed as Mean ± Standard Deviation (cfu/mL) in scientific notation. WM = 100% watermelon, YG = 100%  yoghurt
[image: ]
Figure 2: Yeast and Mold Count of the Sample Blends


Conclusion
The microbial load in yoghurt-watermelon juice blends is significantly influenced by the proportion of each ingredient, with watermelon juice contributing antimicrobial properties that reduce viable bacterial and coliform counts. Absent coliform levels in all samples highlight the thorough hygiene that was practised during the production of the blends. The fungal results indicate that yoghurt-watermelon blends support higher yeast and mould growth than pure watermelon or yoghurt alone, likely due to enhanced nutrient availability and moisture content in the blends. This underscores the need for careful formulation and preservation strategies in the development of such products to ensure microbial stability and consumer safety. Future studies should include the identification of fungal species, assessment of spoilage kinetics during storage, and evaluation of potential interventions such as pasteurisation, use of antifungal preservatives, or incorporation of antimicrobial plant extracts.
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