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ABSTRACT
	Microbial contamination in commercially available soft drinks has become a growing public health concern due to improper handling, inconsistent hygiene practices, and inadequate storage conditions. The study evaluated microbial contamination in widely available aerated and non-aerated soft drinks. Serial dilutions (10⁻¹ to 10⁻3) of various brands were inoculated onto Nutrient Agar and Potato Dextrose Agar to detect bacterial and fungal growth, respectively, and incubated at 37°C with counts recorded at 24, 48, and 72 hours. Bacterial colony counts ranged from 58 to 138 CFU/mL, and fungal counts ranged from 10–56 CFU/mL, increasing with incubation time. Non-aerated soft drinks exhibited higher contamination levels than aerated samples. Analysis of Variance (ANOVA) confirmed statistically significant differences between beverage types for both bacterial (F = 11.39) and fungal counts (F = 18.72, p < 0.05). These findings indicate potential lapses in manufacturing hygiene and highlight the importance of stringent quality control and routine microbial monitoring to ensure consumer safety.
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1. INTRODUCTION
	Soft drinks are among the most widely consumed beverages worldwide, offering instant refreshment and energy due to their high sugar content, carbonation, and flavouring agents. These beverages, whether aerated or non-aerated, are often marketed as safe and hygienically processed. However, microbial contamination in such drinks remains a persistent global concern due to lapses in processing, handling, and storage conditions. Contamination may occur during the preparation of raw materials, bottling, transportation, or even after opening (Jamali et al., 2025). Studies have demonstrated that microorganisms such as bacteria, yeasts, and moulds can thrive in sugar-rich and mildly acidic environments when preservatives or sanitation procedures are inadequate (Akinsemolu et al., 2024).
MICROBIAL CONTAMINATION IN SOFT DRINKS
	Microorganisms commonly associated with soft drinks include Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, and Salmonella spp. among bacteria; Aspergillus niger, Penicillium spp., Candida albicans, and Saccharomyces cerevisiae among fungi (Avirvarei et al., 2023). Contamination is facilitated by improper cleaning of bottling equipment, contaminated water sources, and poor hygiene practices during production (Onuoha et al., 2018). Although most carbonated beverages contain preservatives like sodium benzoate or citric acid, many microbial species have developed adaptive tolerance, allowing them to persist even under acidic and carbonated conditions (Kregiel, 2015).
	Aerated soft drinks generally possess a low pH (2.5–4.0), which restricts the growth of many pathogens; however, acid-tolerant bacteria and moulds can survive. Non-aerated beverages, such as fruit-based drinks, are even more prone to microbial proliferation due to higher nutrient content and reduced carbonation (Simforian et al., 2015). Inadequate pasteurization, prolonged storage, and temperature fluctuations further enhance microbial load (Peng et al., 2017).
HEALTH IMPLICATIONS AND TOXICOLOGICAL EFFECTS
	Consumption of microbially contaminated soft drinks can cause foodborne illnesses and toxicological effects. Pathogens such as E. coli and Salmonella can induce gastrointestinal disturbances, vomiting, diarrhoea, and, in severe cases, systemic infections (WHO, 2021). Staphylococcus aureus produces enterotoxins that cause food poisoning symptoms within hours of ingestion (Ibrahim et al., 2020). Fungal contaminants like Aspergillus flavus produce aflatoxins—potent hepatotoxins and carcinogens known to cause liver damage and immunosuppression. Furthermore, chronic consumption of low-grade contaminated beverages may alter gut microbiota and increase oxidative stress, contributing to metabolic and inflammatory disorders (Losso et al., 2021).
	From a toxicological standpoint, microbial metabolites and secondary toxins such as mycotoxins, biogenic amines, and organic acids can adversely affect organ systems. These compounds interfere with hepatic enzyme activity, alter intestinal permeability, and generate reactive oxygen species (ROS), which can damage cellular macromolecules (Feddern et al., 2019). Therefore, routine microbiological assessment of soft drinks is essential for ensuring public health safety and preventing long-term toxicological complications.
CULTURE MEDIA USED IN MICROBIAL DETECTION
	Microbial contamination in beverages is typically assessed using culture-based microbiological methods. Nutrient Agar (NA) serves as a general-purpose medium supporting the growth of a broad range of non-fastidious bacteria. For fungal contaminants, Potato Dextrose Agar (PDA) is the preferred medium, as it provides an enriched carbohydrate source conducive to mould and yeast growth (Fusco and Quero, 2014). 
	Other selective and differential media, such as MacConkey agar for coliforms and Mannitol Salt Agar for S. aureus, are often employed to identify specific microbial groups. However, the simplicity and effectiveness of NA and PDA make them ideal for preliminary screening of soft drink samples in laboratory settings (Khan et al., 2021). Microbial enumeration typically involves serial dilution and plating methods, followed by incubation at optimal temperatures (usually 35–37°C for bacteria and 25–28°C for fungi). Colonies that develop are counted and recorded as colony-forming units (CFU/mL), representing the microbial load. Subsequent subculturing and microscopic examination assist in confirming the morphology and purity of isolates (Singh et al., 2017). Such methods remain the foundation of microbiological quality control in the food and beverage industries.
	This study investigates the presence and quantification of bacterial and fungal colonies in a range of soft drinks through serial dilution and plate count techniques. It analyses contamination patterns at 24, 48, and 72-hour intervals, assesses hygienic quality, and supplies baseline data to support future quality control measures and toxicological evaluations.


2. MATERIALS AND METHODS
2.1 MATERIALS
	The present investigation was conducted to determine the microbial contamination levels in commercially available aerated and non-aerated soft drinks obtained from local markets. Popular brands of carbonated beverages (cola, lemon, and orange-flavoured drinks) and non-carbonated fruit-based drinks were selected for analysis. All samples were within their labelled expiry period and collected under aseptic conditions. Each bottle was coded, transported in an icebox, and processed within four hours of collection to prevent external contamination and microbial multiplication (Khan et al., 2021).
2. 2 CULTURE MEDIA AND REAGENTS
	Two types of media were employed for microbial isolation and enumeration, based on the uploaded project protocol:
2.2.1 Nutrient Agar (NA) – a general-purpose medium used for the cultivation of non-fastidious bacteria (Frazier & Westhoff, 2019).  Composition (per litre): Peptone 5.0 g, Beef extract 3.0 g, Sodium chloride 5.0 g, Agar 15.0 g, Distilled water 1000 mL; pH adjusted to 7.0 ± 0.2.
2.2.2 Potato Dextrose Agar (PDA) – an enriched carbohydrate-based medium used for the growth of yeasts and moulds (Tournas, 2005). Composition (per litre): Potato infusion 200 g, Dextrose 20 g, Agar 15 g, Distilled water 1000 mL; pH adjusted to 5.6 ± 0.2.
	All media were prepared according to the manufacturer’s instructions, dispensed into conical flasks, and sterilized by autoclaving at 121°C for 15 minutes under 15 psi pressure. The molten agar was cooled to approximately 45°C and poured aseptically into sterile Petri dishes in 20 mL aliquots, ensuring a uniform surface (Khan et al., 2021). Plates were allowed to solidify at room temperature under laminar airflow before inoculation.
2. 3. PREPARATION OF SERIAL DILUTIONS
	The soft drink samples were mixed thoroughly by gentle inversion to homogenize the contents before sampling. Aseptically, 1 mL of the beverage was transferred into a test tube containing 9 mL of sterile distilled water, giving a 10⁻¹ dilution. Further tenfold serial dilutions were prepared up to 10⁻3 by transferring 1 mL from the previous dilution to the next tube containing 9 mL of sterile diluent (Shamly et al., 2014).  Each dilution was mixed well using a vortex mixer to ensure even distribution of microorganisms. Sterile pipettes were used for each dilution to avoid cross-contamination.
2. 4. INOCULATION AND INCUBATION
	Each dilution, 0.1 mL was pipetted onto the surface of sterile Nutrient Agar and Potato Dextrose Agar plates using the spread plate technique (Kregiel, 2015). The inoculum was evenly spread using a sterile L-shaped glass spreader. Each sample was plated in triplicate to ensure reproducibility.
2.4.1 Bacterial plates (NA): Incubated at 37°C for 24, 48, and 72 hours.
2.4.2 Fungal plates (PDA): Incubated at 28°C for 3–5 days.
	Plates were examined periodically for the development of visible colonies. The morphological characteristics, such as colour, shape, size, and texture, were recorded to distinguish bacterial and fungal isolates.
2. 5. ENUMERATION OF COLONIES
	After the specified incubation periods, colony-forming units (CFU) were counted using a digital colony counter. Plates containing 30–300 colonies were selected for enumeration to ensure statistical accuracy. The total number of colonies was multiplied by the dilution factor to calculate the CFU per millilitre (CFU/mL) of the original soft drink sample using the formula:
	Bacterial and fungal counts were tabulated separately for 24, 48, and 72-hour incubation intervals. The mean values from triplicate readings were used for analysis to minimize experimental error (Thakur et al., 2019).
2.6. MORPHOLOGICAL AND MICROSCOPIC EXAMINATION
	Distinct colonies from Nutrient Agar were subcultured on fresh plates to obtain pure isolates. Preliminary identification of bacterial isolates was based on Gram staining and colony morphology, including pigmentation and margin characteristics. Fungal colonies from Potato Dextrose Agar were observed microscopically using Lactophenol Cotton Blue (LPCB) staining to identify hyphal structures and spore morphology. The most common bacterial genera expected include Staphylococcus, Bacillus, Pseudomonas, and Escherichia, whereas fungi predominantly include Aspergillus, Penicillium, and Candida species (Shamly et al., 2014).
2. 7. Data Recording and Statistical Analysis
	All observations were systematically recorded in data sheets. The mean bacterial and fungal counts (log₁₀ CFU/mL) were computed for each dilution and incubation period. Comparative analyses between aerated and non-aerated drinks were performed using Analysis of Variance (ANOVA) to determine significant differences in microbial load (Khan et al., 2021). Data visualization was carried out using bar graphs to represent the number of bacterial and fungal colonies over time intervals. The statistical significance was set at p < 0.05.
2. 8. QUALITY CONTROL AND BIOSAFETY MEASURES
	All experiments were carried out under aseptic conditions within a biosafety cabinet (Class II) to prevent external contamination. Glassware and instruments were sterilized before and after each use. Media sterility was confirmed by incubating uninoculated control plates at 37°C for 48 hours. Contaminated materials were autoclaved and discarded as per institutional biosafety guidelines (Kumar et al., 2025).
3. RESULTS
3.1. MICROBIAL ENUMERATION
	Microbial analysis of both aerated and non-aerated soft drink samples revealed the presence of bacterial and fungal contaminants in all tested brands. The total viable bacterial and fungal counts were enumerated on Nutrient Agar and Potato Dextrose Agar, respectively, at incubation periods of 24, 48, and 72 hours. The colony-forming units (CFU/mL) were converted to log₁₀ values for normalization and statistical comparison.
	As shown in Table 1, bacterial colonies ranged between 58–138 CFU/mL, while fungal colonies ranged between 10–56 CFU/mL across dilutions (10⁻¹ to 10⁻³). Colony growth increased with incubation time, indicating active microbial proliferation in the beverages. The non-aerated (fruit-based) soft drinks consistently exhibited higher bacterial and fungal loads compared to the aerated (carbonated) samples.
3.2. MEAN LOGARITHMIC COUNTS
	The mean log₁₀ CFU/mL for bacterial colonies was 1.87 in aerated drinks and 2.03 in non-aerated drinks. Similarly, the mean log₁₀ CFU/mL for fungal colonies was 1.27 in aerated samples and 1.60 in non-aerated samples. These values reflect a greater microbial burden in non-aerated beverages due to their higher nutrient content and reduced carbonation, which supports microbial growth.
3.3. STATISTICAL ANALYSIS
	Analysis of Variance (ANOVA) was performed to compare microbial loads between aerated and non-aerated beverages. The results demonstrated statistically significant differences (p < 0.05) in both bacterial and fungal counts, confirming that non-aerated soft drinks contained higher microbial contamination levels than aerated samples. The F-statistic values of 11.39 for bacteria and 18.72 for fungi indicate strong variance between the two beverage categories.
	These findings agree with previous studies by Khan et al., 2021 who reported higher microbial loads in fruit-based beverages due to their sugar-rich composition and lack of carbonation.
3.4. GROWTH AND OBSERVATION
	Figure 1 depicts the comparative mean microbial loads in aerated and non-aerated drinks. Both bacterial and fungal colonies increased with incubation time, indicating favourable growth conditions even in acidic beverages. The fungal colonies, though fewer in number, showed progressive growth up to 72 hours, reflecting the ability of yeasts and moulds to adapt to mildly acidic and sugary environments (Hiko and Muktar, 2020).
	The bacterial colonies appeared as cream or yellowish circular colonies on Nutrient Agar, while fungal growth on Potato Dextrose Agar appeared as fluffy white or green mycelial masses. The morphological features suggest the dominance of Staphylococcus, Bacillus, and Pseudomonas species among bacteria, and Aspergillus and Penicillium species among fungi, consistent with observations by Kregiel (2015).
3.5. GRAPHICAL REPRESENTATION
	Table 1. Enumeration of Bacterial and Fungal Colonies from Soft Drink Samples at Different Dilutions and Incubation Periods.
	Sample Type
	Dilution Factor
	No. of Bacterial Colonies (CFU/mL)
	No. of Fungal Colonies (CFU/mL)
	Observation Period (h)

	Aerated Soft Drink
	10⁻¹
	86
	24
	24

	
	10⁻²
	72
	16
	48

	
	10⁻³
	58
	10
	72

	Aerated Soft Drink
	10⁻¹
	94
	28
	24

	
	10⁻²
	80
	22
	48

	
	10⁻³
	65
	18
	72

	Non-aerated Soft Drink
	10⁻¹
	120
	42
	24

	
	10⁻²
	98
	35
	48

	
	10⁻³
	84
	29
	72

	Non-aerated Soft Drink
	10⁻¹
	138
	56
	24

	
	10⁻²
	110
	44
	48

	
	10⁻³
	95
	38
	72



All tested soft drinks contained measurable bacteria and fungi. Non-aerated fruit drinks had higher colony counts than aerated ones, likely due to their higher nutrient content and lower carbonation levels. Microbial growth increased over the 24- to 72-hour incubation period.

Fig. 1 compares microbial colonies in soft drinks.
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Table 2.  Comparison of Bacterial and Fungal Counts in Aerated and Non-aerated Drinks.

	Parameter
	Aerated Drinks
	Non-aerated Drinks
	F-statistic
	p-value
	Significance

	Mean log₁₀ CFU/mL (Bacterial)
	1.87
	2.03
	11.39
	0.0071
	Significant 
(p < 0.05)

	Mean log₁₀ CFU/mL (Fungal)
	1.27
	1.60
	18.72
	0.0015
	Significant 
(p < 0.05)




Non-aerated soft drinks had significantly higher bacterial and fungal counts than aerated beverages (p < 0.05, ANOVA). This supports previous findings that fruit-based, non-carbonated drinks promote more microbial growth due to their higher sugar and nutrient content.
Fig. 2 compares bacterial and fungal counts in aerated versus non-aerated drinks.

4. DISCUSSION
	The present study provides clear evidence that both aerated and non-aerated soft drinks available in the market harbour measurable levels of bacterial and fungal contamination. Although soft drinks are produced under standardized industrial conditions, contamination can occur at various stages of processing, packaging, transportation, or storage (Kregiel, 2015). The significant microbial load observed in this study indicates possible lapses in hygienic practices and suggests that even commercially bottled beverages are not entirely free from microbial hazards.
	The findings of this investigation are consistent with earlier reports that have documented microbial contamination in a variety of commercially available beverages. Khan et al., (2021) observed that fruit-based non-aerated beverages exhibited higher microbial loads compared to carbonated soft drinks, attributing this difference to their high sugar content, absence of carbonation, and pH values conducive to microbial growth. Similarly, Park et al., (2021) reported that the lack of effective preservatives and post-pasteurisation contamination contributed to microbial proliferation in non-carbonated drinks.
	In the present study, the mean log₁₀ bacterial count (2.03 CFU/mL) and fungal count (1.60 CFU/mL) in non-aerated samples were significantly higher than those of aerated samples (1.87 and 1.27 CFU/mL, respectively). The ANOVA analysis (p < 0.05) confirmed that these differences were statistically significant. This aligns with the observations of Azeredo et al., (2016), who demonstrated that microbial growth in beverages is inversely proportional to the degree of carbonation and preservative content.
	The predominance of Bacillus, Staphylococcus, and Pseudomonas among bacterial isolates has also been documented in previous studies (Curutiu et al., 2019). These bacteria are known to survive pasteurization or enter the product through post-processing contamination. Fungal contaminants such as Aspergillus niger and Penicillium spp. identified morphologically in this study are also frequently reported in acidic and sugar-rich beverages (Ire et al., 2020).
4.1. PUBLIC HEALTH AND TOXICOLOGICAL IMPLICATIONS
	The presence of microorganisms in beverages, even at low concentrations, poses potential health risks. Pathogenic species such as Staphylococcus aureus can produce enterotoxins that cause nausea, vomiting, and diarrhoea within hours of ingestion. Similarly, Pseudomonas aeruginosa and Bacillus cereus are known to cause opportunistic infections and foodborne illnesses, particularly in immunocompromised individuals (Bedada et al., 2018).
	The detection of fungal species, including Aspergillus and Penicillium, is particularly concerning because these genera can produce mycotoxins such as aflatoxins and ochratoxins, which are potent hepatotoxins and carcinogens (Faizi et al., 2022). Chronic exposure to such toxins, even in minute quantities, can result in oxidative stress, liver damage, and immunosuppression. Moreover, microbial metabolites in contaminated beverages may alter the gut microbiota, leading to inflammation and metabolic imbalance (Khan et al., 2021).
	From a toxicological standpoint, the interaction of microbial toxins with human tissues can induce free radical generation and DNA damage. Studies by Khan et al., (2021) have emphasized that beverages contaminated with mycotoxin-producing fungi represent a hidden risk for chronic diseases such as hepatocellular carcinoma and kidney dysfunction.
4.2. SOURCES OF CONTAMINATION
	The contamination observed in this study could have originated from multiple sources. These include contaminated water used in production, improper sanitation of bottling machinery, airborne microorganisms, or contact with contaminated storage containers (Azanu et al., 2021). Additionally, high ambient temperature and inadequate refrigeration during transportation and storage favour the survival and proliferation of microorganisms (Ustaoglu et al., 2024). The increasing number of colonies over time observed in this study further confirms that once introduced, microorganisms can multiply rapidly in favourable conditions, especially in sugar-rich, non-aerated drinks.
	In some cases, even preservatives such as benzoic acid and sorbic acid may be ineffective if present below the minimum inhibitory concentration, allowing microbial survival (Kregiel, 2015). Carbon dioxide in aerated beverages provides partial protection by lowering pH and oxygen availability, but it does not completely inhibit microbial contamination, particularly from acid-tolerant species (Silva et al., 2022).
4.3. RELEVANCE OF MICROBIAL MONITORING
	Routine monitoring of microbial quality in soft drinks is critical to ensure consumer safety. Regulatory authorities such as the World Health Organization (WHO, 2021) and the Food and Agriculture Organization (FAO) emphasize that ready-to-drink beverages should be free from pathogenic microorganisms and within acceptable limits for total viable counts. In line with these recommendations, the present study underscores the importance of adopting strict hygienic measures and quality assurance protocols in the beverage industry.
	Moreover, the use of rapid microbial detection methods, such as molecular assays and immunoassays, can supplement culture-based approaches to identify potential contaminants at early stages of production (Shankar et al., 2021). Continuous surveillance and adherence to Hazard Analysis and Critical Control Point (HACCP) standards are essential for minimizing microbial risks in commercial soft drinks.

4.4. IMPLICATIONS FOR FOOD SAFETY AND FUTURE RESEARCH
	The present findings highlight the need for comprehensive microbial risk assessment in beverages, particularly in developing countries where production and storage standards vary widely. Future studies should focus on molecular identification of isolates, determination of antimicrobial resistance profiles, and detection of mycotoxins in contaminated beverages. Integrating microbial and toxicological analyses would provide a more holistic understanding of beverage safety (Jimma et al., 2022 and Eba et al., 2023).
	Furthermore, consumer education about proper storage and avoidance of expired or poorly stored drinks can reduce the risk of exposure to harmful microorganisms. Manufacturers should implement regular microbiological testing and improve bottling sanitation to maintain beverage quality and safety.
5. CONCLUSION
	In conclusion, the research highlights that even commercially packaged soft drinks can harbour microbial contaminants, especially non-aerated types. From a toxicological perspective, the presence of potentially pathogenic and toxin-producing organisms in soft drinks poses a risk to public health. These findings call for stringent hygienic controls during production, effective storage management, and periodic microbial quality assessments to ensure the microbiological safety of beverages consumed by the public.
6. SUMMARY
	The present investigation was undertaken to assess the extent of microbial contamination in aerated and non-aerated soft drinks commonly available in the local market. Using standard culture-based methods, bacterial and fungal loads were quantified on Nutrient Agar and Potato Dextrose Agar, respectively, following serial dilution and incubation at optimal temperatures. Colony counts were recorded at 24, 48, and 72 hours, and data were statistically analyzed using Analysis of Variance (ANOVA) to evaluate differences between beverage types.
	The results demonstrated that all soft drink samples were microbially contaminated, regardless of carbonation. The non-aerated beverages exhibited significantly higher bacterial and fungal colony counts than the aerated samples, with mean log₁₀ CFU/mL values of 2.03 and 1.60, respectively, compared to 1.87 and 1.27 for aerated drinks. Statistical analysis confirmed that these differences were significant (p < 0.05), indicating that non-carbonated, sugar-rich drinks provide more favourable conditions for microbial growth.
	Morphological examination of colonies revealed bacterial genera such as Bacillus, Staphylococcus, and Pseudomonas, and fungal species such as Aspergillus and Penicillium, all of which are known to survive in acidic environments and may include toxin-producing strains. These findings are consistent with previous studies reporting microbial presence in fruit-based and ready-to-drink beverages (Faizi et al., 2022).
	From a public health perspective, the detection of such organisms in soft drinks poses potential toxicological risks due to the possible production of microbial metabolites and mycotoxins. Long-term consumption of contaminated beverages may lead to gastrointestinal disturbances, oxidative stress, and organ toxicity (Khan et al., 2021). The study emphasizes the urgent need for regular microbiological monitoring, strict hygienic handling, and effective quality control during production, packaging, and storage of beverages. Adoption of standardized safety measures such as HACCP (Hazard Analysis and Critical Control Points) and routine microbial surveillance can greatly minimize the risk of contamination.
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Comparison of Bacterial and Fungal Counts in Aerated and Non-aerated Drinks
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