[bookmark: _Hlk221326210]Relationship Between pH, Chloride Levels, and Multiple Antibiotic Resistance Index of Bacteria Isolated from Sachet Drinking Water in Ota, Nigeria


ABSTRACT
[bookmark: _Hlk222479374][bookmark: _GoBack]The presence of waterborne pathogens in drinking water and physiochemical parameters, such as pH and chloride levels, that are outside of the usual range, are serious issues with water quality that can jeopardize safety.  Thus, the purpose of this study was to isolate the pathogens present in commercially available sachet water and to determine the effect of pH and chloride content on the antibiotic resistance pattern of the bacteria recovered from the sachet drinking water. Seven different brands of sachet samples of commercial drinking water were purchased from different retail shops in Ota, Ogun State, Nigeria.  Biochemical tests and the analytical profile index (API) method were used to identify the bacteria. In addition, antibiotic susceptibility testing was carried out using the Kirby-Bauer method. The Multiple Antibiotic Resistance (MAR) index was calculated for all the isolates, and Spearman’s rank correlation coefficient was used to assess the association between pH, chloride, and MAR index of the isolates recovered from the sachet water. The Analytical Profile Index revealed seven dominant bacteria in all the samples, namely, Enterobacter aerogenes, Citrobacter freundii, Chryseobacterium meningosepticum, Escherichia fergusonii, Edwardsiella hoshinae, Escherichia coli, and Chromobacterium violaceum. In addition, the Multiple Antibiotic Resistance index of 0.2 was observed in 71.4% of the isolates. The pH values and chloride content recorded were 6.28 to 6.80 and 11.36 to 21.30 mg/L, respectively. A non-significant correlation was observed between pH and MAR index (ρ = 0.49, P-value = .269) and chloride and MAR index (ρ = - 0.67, P-value = .098). Thus, the multidrug resistance characteristics of the isolates recovered in this study are most likely inherent in the source water or a result of human contamination during water processing. Hence, stricter procedures and hygiene standards should be followed when processing drinking water in sachets.
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INTRODUCTION
Water is essential to human survival (Igbeneghu and Lamikanra, 2014; Robayo-Amortegui et al., 2024). Virtually every aspect of human endeavor involves the use of water in one way or another. Nigeria faces issues with its availability of drinkable water, just like other developing countries (Adesiji, 2013; Irene et al., 2025). Consequently, packaged drinking water has been utilized as a substitute for other sources of drinking water (Ekanem et al., 2025). Globally, drinking water quality and safety are major concerns for public health. It is impossible to overstate how urgently Nigerians need clean drinking water, given the government's inability to supply the populace with enough pipe-borne water. A third of deaths and 80% of diseases in developing nations are attributed to drinking contaminated water (WHO, 2011).

The health hazards linked to drinking water that is deemed unsafe differ globally, depending on the chemical or microbiological pollutants that are prevalent in the surroundings (Linda et al., 2016). A significant number of bacteria that are present in the water supply systems are opportunistic pathogens. Since these microbes can infect specific populations such as the elderly, sick, and newborn babies, the high concentration of opportunistic pathogens in drinking water is alarming (Barrell et al., 2000; Bitton, 2005).  This purportedly pure water may actually be contaminated with harmful microorganisms because the companies that produce it might not give microbiological quality enough consideration. Determining the main harmful microbial contaminants present in the sachet water is crucial to ascertain its safety. Therefore, in order to monitor and prevent sudden outbreaks of waterborne infections, it is necessary to periodically evaluate the quality of the water sources that members of any community have access to. In the event of an outbreak, it is also crucial to be aware of the common microorganisms with respect to antibiotic susceptibility patterns.
[bookmark: _Hlk167311947]Reports of ions, nonmetals, and heavy metals have been made as well as biological pollution in sachet water throughout numerous communities in Ghana, Nigeria, and other West African nations (Yusuf et al., 2015). 
In Nigeria and throughout West Africa, the sachet water industry, which began in the 1990s, is one of the fastest-growing sectors as a result of recent advancements in packaging and treatment (Yusuf et al.,2015).  The majority of West African nations use sachet water, which is defined as 300-500 ml sealed plastic sleeves containing purified drinking water (Stoler et al., 2013). Due to its perceived quality and reasonable price, it is generally accepted. It is acknowledged as the most commonly used drinking water (Stoler, 2012). The goal of the sachet water business is to supply the general public with safe drinking water. Furthermore, it is readily available to the general public and reasonably priced. For this reason, it has been acknowledged as the most commonly used drinking water.
Various aspects of water quality can be significantly impacted by pH, which can also affect the lifespan of bacteria and the availability of different contaminants in the water (Saalidong et al., 2022). Furthermore, a spike in the typical chloride concentration in drinking water could be a sign of contamination from industrial wastes, animal dung, or human sewage (Hudak, 2003). Water with high chloride ion concentrations may taste unpleasantly salty (Hong et al., 2023).
Hence, evaluating the pH and chloride contents as well as assessing the resistance patterns of the pathogens isolated from sachet drinking water will help to provide information regarding the safety of sachet drinking water.            


MATERIALS AND METHODS 
STUDY AREA
 Seven different brands of sachet water samples were purchased from different water retailers in Ota, Ogun State. Ado-Odo/Ota borders on metropolitan Lagos. The Local Government Area is the second largest in Ogun State.
Sample collection and processing
Seven bags of sachet water of different brands were purchased from different vendors. The expiry date, the manufacturing date, and the date of purchase were all noted before carrying out the analysis. The sachets of water used for the bacteriological analysis were opened under aseptic conditions.
Physicochemical analysis
Determination of colour, odour, taste, and physicochemical analysis
Each water sample was placed into a clean beaker in a volume of 15ml and vigorously mixed to check for frothing, and was allowed to settle. Colour and scent identification tests were carried out on the samples.  In addition, physicochemical analysis, such as the pH and chloride contents were carried out on all the samples.
Determination of chloride content
Chloride content was determined as described by Deucher et al. (2025). Briefly, silver nitrate was poured into the pipette and was fixed properly on the retort stand. Then, 50 ml of the water sample was poured into the conical flask, and 3 drops of phenolphthalein and 1 ml of calcium carbonate were added to the conical flask. After 1 min, potassium chromate was poured, and the conical flask was placed under the pipette fixed to the retort stand. Silver nitrate was being dropped bit by bit while shaking the conical flask to prevent spilling or hitting the conical flask on the retort stand.
Determination of the pH of the water sample
A pH meter was used to measure the pH of the water samples, and standard buffer solutions were used to calibrate the device. The pH shown was recorded when the electrode was completely submerged in the water sample.  
Characterization and identification of bacterial isolates
Aliquots (0.1 ml) of the water samples were spread using a sterile spreader on Petri dishes containing prepared Nutrient Agar, Eosin Methylene Blue agar, and MacConkey agar. The plates were swirled gently to thoroughly mix the sample with the agar.  All the tests were carried out using the standard basic media and reagents. Characterisation and identification of isolates was done on the basis of the cultural appearance of organisms, differential and selective media, and biochemical tests.
Microbiological analysis
Following the incubation period, the cultures were examined. Biochemical tests (such as catalase, urease, citrate, SIM (sulfur indole motility), methyl red, and Gram reaction) were carried out on the samples according to the procedures outlined in the Microbiology Laboratory Manual; biochemical tests were carried out on the isolates (Cheesbrough, 2006).  
Antibiotic Susceptibility Test (AST)
The antibiotics used for the susceptibility test include CXM- Cefuroxime (30 µg), ACX- Ampicillin + Cloxacillin (30 µg), CTX- Cefotaxime (30 µg), IMP- Imipenem (10 µg), OFX- Ofloxacin (5 µg), ZEM- Cefepime (30 µg), CRO- Ceftriaxone (30 µg), GN- Gentamicin (10 µg), LBC- Levofloxacin (5 µg), NF- Nitrofurantoin (300 µg),  and AUG- Augmentin (30 µg). The antibiotic susceptibility test was carried out using the Kirby-Bauer disk diffusion method. The streaked isolates were placed on Mueller-Hinton Agar (MHA) plates with each antimicrobial disc. Then the plates were incubated at 37°C for 20 hours. The diameters of the zone of inhibition were measured and reported according to EUCAST recommendations (EUCAST, 2025).          
Determination of Multiple Antibiotic Resistance (MAR) Index
The multiple antibiotic resistance index (MAR index) was calculated for each of the dominant bacteria recovered from sachet water samples using the a/b formula (Cookey and Otokunefor, 2016), where "a" denotes the total number of antibiotics to which the isolated organism is resistant and "b" denotes the total number of test antibiotics for which the isolated organisms were tested.
 Analytical Profile Index  (API)
API 20E is a standardized identification method that uses a database and 21 miniature biochemical tests to identify Enterobacteriaceae and other non-fastidious Gram-negative rods. The tests were inoculated with each of the water samples used.



Statistical analysis
Spearman’s rank correlation coefficient (https://www.socscistatistics.com/tests/spearman/) was used due to non-normal data distribution to assess the association between pH, chloride, and the MAR index. Results were interpreted as statistically non-significant at p> .05.

RESULTS
Physicochemical parameters (pH and chloride concentration) of sachet water samples 
All the sachet water samples evaluated were found to be odourless, tasteless, and physically colourless (Table 1)
Sachet water samples had pH values ranging from 6.28 to 6.81 (Table 2). The chloride concentration measured ranged from 11.36 to 21.3 mg/L (Table 2). 

Identification of bacterial isolates
A total number of seven bacterial isolates were identified, namely, Edwardsiella hoshinae, Citrobacter freundii, Chryseobacterium meningosepticum, Escherichia coli, Escherichia fergusonii, Chromobacterium violaceum, and Enterobacter aerogenes (Table 3).
Antibiotic Susceptibility Test and Multiple Antibiotic Resistance (MAR) Index 
Multiple Antibiotic Resistance (MAR) Index of the isolates recovered from sachet drinking water revealed the highest resistance in Escherichia coli (0.73) and Escherichia fergusonii (0.73), followed by Enterobacter aerogenes (0.64), Citrobacter freundii (0.55), and Chromobacterium violaceum (0.55). The lowest MAR index was observed in Chryseobacterium meningosepticum (0.09) and Edwardsiella hoshinae (0.18) (Tables 3 and 4). Also, the overall evaluation of the MAR index of the isolates revealed 71.4% having a MAR index > 0.2 (Tables 4 and 5).
Effect of pH and chloride on the Multiple Antibiotic Resistance (MAR) index of the isolates recovered from sachet water

[bookmark: _Hlk221553846][bookmark: _Hlk223049208]Statistical analysis to assess the impact of pH and chloride on MAR index revealed a non-significant correlation between pH and MAR index (ρ = 0.49, P-value = .269) and also between chloride and MAR index (ρ = - 0.67, P-value = .098) (Table 6). 
Table 1: Physical characteristics of each brand of sachet water samples
[image: ]
Table 2: pH and chloride concentration of sachet water samples
[image: ]
pH and chloride content were performed in triplicate and expressed as mean ±Standard Deviation

Table 3: Bacterial isolates (n=7) found in sachet water samples
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Table 4: Multiple Antibiotic Resistance (MAR) index of the isolates recovered from sachet drinking Water
[bookmark: _Hlk221864986][image: ]CXM- Cefuroxime, ACX- Ampicillin + Cloxacillin, CTX- Cefotaxime, IMP- Imipenem, OFX-Ofloxacin, ZEM- Cefepime, CRO- Cefriaxone, LBC- levofloxacin, NF- Nitrofurantoin, AUG- Augmentin and GN- Gentamicin



Table 5: pH, Chloride, and MAR index of the isolates recovered from sachet drinking water
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pH and chloride content were performed in triplicate and expressed as mean ±Standard Deviation

Table 6: Comparative analysis between pH, chloride, and MAR index of the isolates recovered from sachet drinking water
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[bookmark: _Hlk223040801]
DISCUSSION
For a variety of vital functions, water must be treated to guarantee that the quality is satisfactory. Potable water must adhere to the recommendations of the World Health Organization and meet globally recognized standards (WHO, 2024). Physical inspection of all the analysed sachet water studied revealed that they were tasteless, odourless, and colourless.  Water must be pure, free of contaminants, tasteless, colourless, odourless, and have a balanced pH level that is neither basic nor acidic to be potable (WHO, 2024).
Sachet drinking water in this study had a stable, near-neutral pH (6.28 to 6.81) and low chloride content (11.36 to 21.30 mg/L). All the physicochemical parameters analyzed were within the permissible limit set by the World Health Organization (WHO, 2011; WHO, 2024). This result agrees with earlier findings in sachet water in Nigeria, such as a previous study from Abuja that reported pH values and chloride ions of 6.2 to 7.4 and 22.72 to 32.66 mg/L, respectively (Akin-Osanaiye and Izuakor, 2022), and another study in Gombe reported a pH of 7.1-7.5 and chloride content of 12-18 mg/L (Rabiu et al., 2025). Natural water typically has a pH of 6.5 to 8.5, though there can be some variances. Most organisms cannot survive in water that has a pH of more than 9.6 or less than 4.5, or at very high or low pH levels. The maximum amount of chloride allowed in potable water is 250 mg/L (WHO, 2011; WHO, 2024).
The statistical analysis from these findings showed no significant relationship (p > 0.05) between the MAR index of the bacteria, the pH value, and the chloride content. Suggesting that there was no selective pressure for the emergence of antibiotic resistance in the physicochemical environment of the sachet water. However, the high MAR indices observed (MAR > 0.2) in 71.4% of the bacterial isolates recovered from the sachet water are most likely unaffected by the chemical matrix of the water.  Although previous studies have reported a significant association between the MAR Index and the physicochemical parameters. The previous samples reported are mainly open environmental samples (Toraskar et al., 2022; Popoola et al., 2024). A MAR index value higher than 0.2 indicates a high-risk source of contamination, while a value less than 0.2 indicates a source linked to low antibiotic use (Ayandele et al., 2020). 

Nigeria, like other developing countries, struggles to provide for the majority of its residents with clean water (Edefo, 2025). Packaged drinking water has been adopted as an alternate source of drinking water (Oyedeji et al., 2010); as a result, the majority of low-socioeconomic nations use sachet water to preserve scarce potable, safe water. However, a number of studies have revealed that some sachet waters may not be safe to drink because of the presence of pathogens (Ahmed et al., 2013; Obiri-Danso et al., 2003). The bacteria isolated in this study include Enterobacter aerogenes, Citrobacter freundii, Chryseobacterium meningosepticum, Escherichia fergusonii, Edwardsiella hoshinae, Escherichia coli, and Chromobacterium violaceum. Similar to other research, these findings found high levels of bacterial contamination in water samples in addition to the presence of antibiotic-resistant bacteria in sachet water samples (Balogun et al., 2013; Tenebe et al., 2023; Khan et al., 2025).
Globally, the issue of rising antibiotic resistance is becoming worrisome (Alenzi et al., 2026). Antibiotic abuse is pervasive, endangering public health and perhaps making the treatment of human infections more difficult by promoting the development of microbial resistance (Alenzi et al., 2026). This study revealed that the multidrug resistance profiles of the isolates are probably inherent in the source water or due to human contamination during processing of the water. Thus, the MAR index in these samples acts more as an indicator of the initial microbiological quality and the history of the source water.
Consuming or using water contaminated with resistant bacteria, particularly E. coli, can cause gastrointestinal disorders, particularly in the elderly, children, and people with weakened immune systems. Therefore, it is highly recommended to limit the use of antimicrobial drugs, particularly those that have both human and animal applications, in order to reduce the spread of antibiotics (James et al., 2026).
Waterborne illnesses are one of the main issues relating to public health in developing nations like Nigeria (Oyedeji et al., 2010). The escalating market for and the use of sachet drinking water in Nigeria consequently present serious health hazards to the populace, particularly to those with weakened immune systems (Odeyemi, 2015). The national regulatory agency must regularly conduct surveillance and inspection of registered packaged drinking water.
LIMITATIONS OF THE STUDY
The small sample size may make it difficult to detect significant differences that could affect bacterial resistance. Future research should therefore employ large sample sizes and investigate other physicochemical parameters that could be used to more accurately forecast the dynamics of antibiotic resistance in water.

CONCLUSION
These findings indicate that the bacterial isolates recovered from sachet water in this study do not exhibit antibiotic resistance due to pH or chloride. This suggests that other environmental or human factors may significantly influence the observed antibiotic resistance. However, further research on a larger sample size is needed to confirm the impacts of pH and chloride on the MAR index.
Furthermore, the presence of multidrug-resistant bacteria from sachet drinking water remains a major public health concern despite the non-significant association with pH and chloride. As a result, it is recommended that surveillance for antibiotic-resistant bacteria in drinking water be included in the national antimicrobial resistance surveillance network in order to safeguard the global public health from the increasing threat of antibiotic-resistant bacteria.
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