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Abstract 

Microbiological examination of bottled and sachet water sold and consumed in Nnewi 

metropolis, Anambra State, Southeast Nigeria was carried out to assess their 

microbiological qualities. The bottled and sachet water were bought from various sales 

outlets in Nnewi, Nnobi, Ichi and Ozubulu towns. Overall 45 samples belonging to 15 

different brands (5 bottled table and 10 sachet water) were analyzed for their 

microbiological quality using standard microbial methods in triplicates of each brand. 

The biochemical characteristics of the isolates were studied and results showed varied 

degrees of microbial load which indicated Pseudomonas spp., Klebsiella spp., 

Staphylococcus aureus, Bacillus spp., Salmonella spp., Enterobacter spp. and 

Citrobacter spp. Of all the 15 sachet water brands analyzed, 40 % failed to meet the 

WHO drinking water standard of ten coliform per 100 mL, making them unsuitable 

for human consumption, but all the bottled water samples were of potable quality. The 

bottled water samples had more microbiological quality than the sachet water samples. 

The contaminated sachet water samples are not fit for human consumption. Causes of 

contamination of the water samples and recommendations for improving their 

microbiological quality were highlighted.
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1. Introduction 

Water is one of the most indispensable needs for the continued existence of all living things. Water supply and accessibility is 

goal 6 of the sustainable development goals (SDGs) and aims at ensuring environmental sustainability [1]. Satisfactory supply of 

clean, safe and hygienic drinking water is imperative for health and access to safe drinking water is a vital agent for human 

living. Water is needed in the body for digestion, translocation, absorption and excretion of metabolic wastes, secretion of 

hormones, enzymes and other biochemical body functions [2]. Nature is a great purifying system, water passes from the sky to 

the earth, from the earth to the streams, rivers, and to the sea, and then returns back to the sky [3]. But this natural process is 

breaking down in a global scale. 

If there is no adequate measure to the provision of potable water supply, human beings will resort to obtaining water for different 

uses. Unavailability of potable drinking water is a serious global challenge of public health concern, especially in developing 

countries [4, 5] Pollution of water sources is a global health challenge, especially where there is no adequate supply of potable 

water. Water related diseases continue to be one of the major health problems globally. The high prevalence of diarrhoea among 

children and infants can be traced to the use of unsafe water and unhygienic practices [6]. In developing countries like Nigeria, 

70 % of all diseases and over 25 % of deaths are related to drinking water [7]. 

Consumption of packaged water in plastic containers and sachet waterproofs have increased in recent years in many parts of 

Nigeria, especially in the Southern part, as a remedy to inadequate public water supply. The sale and consumption of packaged 

drinking water continues to grow rapidly in all cities and towns of the country.  
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It is important to access the available packaged water of their 

quality in order to safeguard public health. 

Several studies have documented the detection of coilforms 

and heterotrophic bacteria in bottled and sachet water, which 

indicated that counts exceeded the international standards set 

for potable drinking water. Total coliform bacteria in water 

may cause health risk for infants, young children, the elderly 

and immunocompromised persons [8, 3]. 

Although the presence of heterotrophic bacteria in drinking 

water is not an indication that the water presents health risks 

but it can pose significant risks in immunocompromised 

individuals. There is need to always examine the 

microbiological standards of bottled and sachet water 

consumed by people, because consumption of contaminated 

brands can lead to serious health challenges to greater 

populace. Hence, this study was conducted to investigate the 

microbiological quality of bottled table and sachet water sold 

and consumed in Nnewi metropolis, Anambra State, Nigeria. 

 

2. Materials and Methods 

2.1 Study area 

Nnewi, a metropolitan town in Nnewi North Local 

Government Area (LGA), is one of the cities, and the most 

industrialized area in Anambra State, Southeast Nigeria. It 

covers an area of 518 km2 from the 4, 844 km2 total land mass 

of Anambra State and its geographical coordinates are 

6o01’05” and 6o91’03” East. It has an estimated population 

size of 800,000 people according to the 2006 Nigerian 

population census. The study areas include towns around 

Nnewi metropolis, which include in Nnewi, Ichi, Nnobi and 

Ozubulu. Ichi is also in Nnewi North LGA, while Ozubulu is 

in Ekwusigo LGA and Nnobi in Idemili South LGA (Fig. 1). 

 

 
 

Fig 1: Map showing the sampling towns around Nnewi metropolis, Anambra State, Nigeria 

 

2.2 Sample collection 

Bottled table and sachet water were purchased and collected 

from many sales outlets in Nnewi metropolis during the 

period of July, 2021 – September, 2021. Forty-five (45) 

samples belonging to 15 different brands (5 bottled water and 

10 sachet water) were analyzed. Triplicate batches of each of 

the brands were purchased randomly from outlets. The 

bottled water samples were decoded as B1 to B2 while the 

sachet water samples were decoded as A1 to A10 and labeled 

accordingly. They were transported to the Microbiology 

laboratory of Chukwuemeka Odumegwu Ojukwu University, 

Uli campus, Anambra State. The microbiological quality of 

the drinking water samples were assessed using the total 

coliform count and total viable count as indices according to 

[9]. 

 

2.3 Sterilization of glass wares and preparation of media 

All the glass wares used were thoroughly washed and 

sterilized in hot air oven for 1 hr at 160 oC. Work benches 

were cleaned with 75 % ethanol and allowed to dry before 

commencement of analysis. Media were prepared according 

to their manufacturer’s instruction, sterilized using an 

autoclave chamber for 15 min at 121 oC and 15 psi. 

 

2.4 Enumeration and isolation of total and faecal 

coliforms 

The most probable number (MPN) technique was used to 

estimate total coliform. MacConkey’s lactose bile salt broth 
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with bromocresol purple as indicator was used for the 

presumptive tests. Using a sterile pipette, 50 mL of each of 

the water sample was aseptically dispensed into 50 mL 

double strength broth, another 10 mL of the sample into each 

of the five tubes containing 10 mL double strength broth and 

another 1 mL of the sample into each of the second five tubes 

containing 5 mL single strength broth. Durham’s tubes were 

inserted into all the tubes for gas formation. Inoculation tubes 

of MacConkey broth were incubated at 37 oC for 24 to 48 hrs. 

After incubation process, the tubes were observed for the 

presence of gas formation and acid production [9].  

Positive presumptive tests from the fermentation tubes were 

noted and 1 mL was transferred aseptically into tubes 

containing 5 mL brilliant green lactose bile (BGLB) broth 

using sterile pipettes. They were incubated for 24-48 hrs at 

37 oC. Afterwards, positive confirmed test tubes were noted 

and cultures were inoculated into MacConkey agar and Eosin 

Methylene Blue (EMB) agar for faecal coliform and 

incubated at 37 oC and 44 oC respectively. 

 

2.5 Determination of heterotrophic plate count 

Heterotrophic plate count of all the water samples were 

determined using serial dilution method and standard plate 

count agar medium. Serial dilutions of the water samples 

were prepared using peptone water (9 mL) and 1 mL of the 

sample was transferred aseptically into sterile, empty Petri 

dish. Plate count agar was melted by heating in boiling water 

and allowed to cool in a water bath to 44-46 oC. Ten milliltres 

(10 mL) of the agar medium was poured into the Petri dish 

containing the water sample and mixed thoroughly by gently 

rotating the plate on the work bench. The media was allowed 

to solidify and incubated in an inverted position at 35 oC for 

48 hrs. Visible colonies were formed from suitable plates 

after incubation and counted using a colony counter. The 

average of the colonies formed were counted and expressed 

as colony forming unit per mL (CFU/mL) of water [10]. 

 

2.6 Identification of isolates 

Representative isolates from total colforms and total viable 

counts were identified using standard isolation techniques 

such as Gram staining and biochemical tests. Lactose-

fermenting, gram negative bacilli were isolated using the 

MacCkonkey agar, while blood agar was used to isolate 

fastidious organisms. Mannitol Salt agar was used for the 

isolation of salt resistant bacteria [11]. 

The Gram reaction of all bacterial isolates were observed and 

noted. Bacterial isolates were purified by subculture method, 

and were further identified by biochemical tests using the 

methods of [10]. Biochemical tests such as methyl red, Voges-

Proskauer, indole, oxidase, catalase, coagulase, citrate and 

urease tests were carried out as confirmatory tests to 

differentiate the bacterial isolates into groups. 

 

3. Results 

Overall, 45 samples of bottled table and sachet water 

belonging to 15 different brands were analyzed. The result of 

the coliform count using the MPN technique is shown in 

Table 1. The table defines the degree of contamination and 

microbiological quality of the bottled and sachet drinking 

water brands in Nnewi metropolis, Anambra State. 

 

Table 1: The mean total coliform counts of the sachet and bottled 

water samples using MPN technique 
 

Water type Brand 1 2 3 (MPN/100 mL) 

 B1 0 0 0 0 

 B2 0 0 0 0 

Bottled water B3 0 0 0 0 

 B4 0 0 0 0 

 B5 0 0 0 0 

 A1 0 0 0 0 

 A2 0 4 6 3.33 

 A3 0 0 0 0 

 A4 0 0 0 0 

Sachet water A5 12 10 12 11.33 

 A6 0 0 0 0 

 A7 4 8 2 4.67 

 A8 0 3 2 1.67 

 A9 0 0 0 0 

 A10 5 0 10 5 

 

Table 2 shows the total heterotrophic bacterial counts of the 

bottled and sachet water brands in Nnewi metropolis. The 

mean total coliform count of the sachet water samples ranged 

from 1.67 to 11.33 CFU per 100 mL, while the bottled water 

samples had no total coliform. However, the heterotrophic 

plate count (HPC) of the bottled water samples ranged 

between 0 and 41 CFU/mL while the mean HPC ranged from 

3.3CFU/mL to 3.4 x 101 CFU/mL. No faecal coliform was 

isolated from the bottled and sachet water samples. 

The biochemical characteristics of the bacterial isolates in the 

water samples are shown in Table 3 while the frequency 

distribution and percentage occurrence of bacterial isolates is 

shown in Table 4. All the isolates were positive for catalase 

test and were negative for indole test. A total of 38 isolates 

including 7 different bacteria were isolated from the water 

samples during the sampling period. 

 
Table 2: Total heterotrophic bacterial plate counts in bottled and 

sachet water brands 
 

Water type Brand MeanHPC (CFU/mL) Range (CFU/mL) 

 B1 4 2 – 6 

 B2 4 0 – 8 

Bottled water B3 7.33 4 –10 

 B4 3.4 x 101 2.7 x 10 – 4.1 x 101 

 B5 3.33 0 – 6 

 A1 2.3 x 105 4.8 x 103 – 6.3 x 105 

 A2 9.5 x 104 2.9 x 103 – 2.4 x 105 

 A3 1.7 x 104 3.4 x 102 – 4.8 x 105 

 A4 6.7 x 104 8.4 x 102 – 1.8 x 105 

Sachet water A5 1.2 x 105 1.2 x 103 – 3.6 x 105 

 A6 1.4 x 104 1.8 x 103 – 3.8 x 104 

 A7 2.1 x 103 8.6 x 101 – 5.8 x 103 

 A8 1.5 x 105 3.2 x 103 – 4.6 x 105 

 A9 5.6 x 103 4.3 x 102 – 1.5 x 104 

 A10 9.6 x 103 1.6 x 103 – 2.2 x 104 

 

Of all the isolates obtained, 10 (26.3 %) were Pseudomonas 

spp., 2 (5.3%) were Enterobacter spp., 8 (21.0%) were 

Klebsiella pneumoniae and 2 (5.3 %) were Citrobacter spp. 

Also, 4 (10.5 %) were Bacillus spp., 8 (21.0 %) were 

Staphylococcus aureus while the remaining 4 (10.5 %) were 

Salmonella spp. 
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Table 3: Biochemical characteristics of the bacterial isolates in 

bottled and sachet water samples 
 

Biochemical 

tests 

Bacterial isolates 

B. 

spp 

P. 

spp 

E. 

spp 

K. 

pne 

Cit. 

spp 

S. 

aureus 

Sal. 

spp 

GR + – – – – + – 

MR – – – + + + – 

IND – – – – – – – 

VP + – + + – – – 

CA + + + + + + + 

CO – – – – – + – 

CU + + + + + – + 

OX + + – – – – – 

UR – – – + – – – 

KEY: B. spp = Bacillus spp., P. spp = Pseudomonas spp., E. spp = 

Enterobacter spp., K. pne = Klebsiella pneumoniae; Cit. spp = 

Citrobacter spp., S. aureus = Staphylococcus aureus; Sal. spp = 

Salmonella spp; GR = Gram reaction; MR = Methyl red test; IND 

= Indole test; VP = Voges-Proskauer; CA = Catalase test; CO = 

Coagulase test; CU = Citrate utilization; OX = Oxidase test; UR = 

Urease test. 

 
Table 4: Frequency distribution and percentage occurrence of the 

bacterial isolate 
 

Bacterial isolates Frequency % Occurrence 

Bacillus spp. 04 10.5 

Pseudomonas spp. 10 26.3 

Enterobacter spp. 02 5.3 

Klebsiella pneumoniae 08 21.0 

Citrobacter spp. 02 5.3 

Staphylococcus aureus 08 21.0 

Salmonella spp. 04 10.5 

Total 38 100 

 

4. Discussion 

The World Health Organization estimated that 4.1 % of the 

total daily global burden is linked to diarrhoeal as a result of 

contaminated water [12]. This disease is responsible for the 

deaths of over 1.8 million people globally each year. Unsafe 

water supply, poor sanitation and hygiene have been 

attributed to the cause of many water-related illnesses 

globally [13]. In this study, out of the 30 sachet water samples 

analysed, 6.67 % (2/30) had more than 10 total coliform per 

100 mL of drinking water. Ideally, there should be no 

coliform per 100mL of treated water as per the WHO 

guidelines for drinking water and only 60 % (18/30) of the 

sachet water samples met this criterion. Therefore, 40 % 

(12/30) sachet water samples failed to meet the WHO 

drinking water standard of zero coliform per 100mL, thereby 

making them unsuitable for human consumption. All the 15 

samples of bottled water brands met the WHO standard of 

zero coliform per 100 mL of drinking water. This agreed with 

reports of several other authors [14, 7, 1], where there were no 

presence of coliforms in bottled water samples. 

The presence of indicator organisms in water indicates that 

water has been contaminated with pollutants of faecal origin, 

but its absence denotes that such water sample is safe. 

Although coliform organisms may not always be directly 

related to the presence of faecal contamination in drinking 

water, the coliform test is very useful for evaluating and 

monitoring the microbial quality of drinking water [14]. In the 

water manufacturing plant, malfunctioning of the treatment 

process could result in the presence of coliform bacteria in  

the water samples. Effective treatment processes should 

therefore be utilized in the production of quality and safe 

bottled and sachet water. 

In the current study, the positive coliform samples were also 

tested for faecal coliform but none was found. Unlike faecal 

coliform whose presence is attributed to contamination of 

faecal matter, coliform can exist in the environment and can 

easily get into a water source. Faecal coliform organisms are 

found in the intestinal tract of warm blooded animals and they 

are non-disease causing organisms. The presence of E. coli in 

water is always associated with recent faecal contamination 

and it is referred to as indicator organism for this purpose. 

In this study, although total coliforms were isolated from 5 

brands of sachet water, faecal coliforms and E. coli were not 

isolated from any of the brands of bottled and sachet water 

samples, showing the absence of faecal contamination in the 

water samples. In a study conducted in Jaipur city, India, 

none of the microbial indicators were present in bottled water 

whereas 5.8 % of sachet water contained total coliforms and 

2.1 % had faecal coliforms [14]. In another study on packaged 

drinking water conducted in FUTO, Owerri Nigeria, the 

reports showed that large proportions of sachet water were 

found to show positive counts compared to bottled water [4]. 

The absence of coliform bacteria in all brands of bottled 

drinking water could be attributed to the better hygienic 

practices observed in the manufacturing plant compared to 

production of sachet water. Manufacturers of bottled water 

observe best hygiene practices such as use of protective 

sealed caps on bottles, clean and hygienic filling system and 

use of non-returnable plastic containers [6, 1]. 

Also, the present study revealed that the total HPCs were very 

high in the various brands of sachet water with all the 10 

brands having mean HPCs above 100 per mL. However, all 

the bottled water brands had mean values of HPCs less than 

100 per mL. Although none of the samples analysed revealed 

the presence of faecal coliforms, the high level of the 

heterotrophs in the sachet water jeopardizes the quality of 

sachet water when compared to that of the bottled water. 

According to the [15] report, a high HPC concentration does 

not itself present a risk to human health. Nevertheless, HPCs 

are used as good indicators of the overall quality of 

production +. However, based on the recommended standard 

limit of 100 HPCs per 100 mL of drinking water by [14], 100 

% of locally available sachet water brands were considered 

unfit for human consumption. 

The present study has shown the presence of bacterial isolates 

in bottled and sachet water samples. Previous studies in other 

parts of the country reported similar microbial load in water 

samples, which shows the poor water quality. Bacteria 

isolated from sachet water in this study include: 

Pseudomonas spp., being the most prevalent isolate (26.3 %); 

Klebsiella pneumoniae and Staphylococcus auerus (21 % 

each); Bacillus spp. and Salmonella spp. (10.5 % each), and 

finally Enterobacter spp. and Citrobacter spp. (5.3 % each). 

The presence of these microorganisms may pose a potential 

health risk to consumers, because consumption of 

contaminated water might facilitate the outbreak of 

widespread infections thereby resulting to an epidermic. The 

presence of these bacterial isolates in a treated sachet water 

under examination in this study may be as a result of 

improper handling, processing and purification procedures. 

Also, unhygienic handling after production can also be a 

cause.  
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5. Conclusion 

The examined bottled water brands had better 

microbiological qualities while the bacteriological quality of 

12 out of 30 sachet water samples fell below the WHO 

drinking water standards thereby making them unfit for 

human consumption. There is need for government agencies 

saddled with the responsibility of ensuring clean and safe 

water supply for the population to double their efforts in 

routine monitoring of activities in the processes involved in 

packaging water in polyethene materials. Assessment of 

water quality at different stages of production and post-

production is, therefore, recommended in order to ensure the 

quality and safety of water people consume. 
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