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Abstract 

The introduction of sachet water to consumers was to provide safe, hygienic and affordable instant drinking water to the public. 
Although this is a laudable idea, current trends seem to suggest that sachet drinking water could be a route of transmission 
of diseases. The objective of this study was to check the bacteriological safety or otherwise of some sachet water packaged in 
Ogbomoso metropolis. Using a simple random procedure, fifteen brands of sachet water were bought from vendors at different 
locations. The samples were analyzed using multiple tubes methods and biochemical assays. Results were recorded as Most 
Probable Number (MPN) of coliform per 100ml of water. The bacteriological quality of the samples was assessed based on 
the World Health Organization (WHO) classification system for drinking water. Zero (0%) of the sample was Excellent, two 
(2) (13.3%) were Satisfactory, one (1) (6.7%) was Suspicious and twelve (12) (80%) were Unsatisfactory using the MPN 
values recorded. The samples were contaminated with faecal coliform. Escherichia coli was detected in some of the samples 
which could have caused diarrhea, cramps, nausea and other symptoms in the consumers. The level of contamination could 
be due to inadequate treatment of water samples by the producers, improper use of filters or post-production contamination. 
The findings suggest the need to enforce the laws that govern the operation of such production outfits as well as educating 
consumers on the need to purchase sachet water from manufacturers that have been licensed to produce water and whose 
product bears the stamp of the National Agency for Food and Drugs Administration and Control (NAFDAC). And producers 
should ensure proper purification of water and maintain hygienic environment for producing the sachet water.   

Keywords: Sachet Water; Bacteriological Safety

Abbreviations: MPN: Most Probable Number; WHO: 
World Health Organization; NAFDAC: National Agency for 
Food and Drugs Administration and Control.

Introduction

Water is one of the most important as well as one of 
the most abundant compounds on earth, and is vital to the 
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survival of any organism [1].  Water in nature is seldom 
totally pure. Rainfall is contaminated as it falls to earth [2]. 
Microbiological safety and quality of drinking water is of 
great health concern to all people owing to the potential 
of drinking water as carrier of microbial pathogens and 
cause of subsequent illness in both developed and emerging 
economies of the world [3]. Water-related diseases continue 
to be one of the major health problems globally, with an 
estimated 3.4 million water-related deaths per year (which 
represent 4% of all deaths) and 5% of health loss to disability. 
The most common and widespread health risk associated 
with drinking is contamination, either directly or indirectly, 
by human or animal excreta and the microorganisms 
contained in faeces [4,5]. Water related diseases continue to 
be one of the major health problems globally [6]. The safety of 
drinking water in poor and deprived communities has in the 
last decade been in jeopardy as a result of the introduction 
of refuse and sewage into sources of water supply [7,8]. The 
intake of unwholesome water could have devastating effects 
on our health as unsafe drinking water is a key determinant 
of many microbial diseases with serious complications in 
immune competent and immune-compromised individuals 
[9].

The high prevalence of diarrhea among children and 
infants, even currently, the outbreak of cholera in Nigeria can 
be traced to the use of unsafe water and hygienic practices 
[10,11]. The most dangerous form of water pollution 
occurs when fecal contaminants like Escherichia coli enter 
the water supply and also through the fecal-oral routes of 
transmission. Microbial contaminants in water supply are 
the sources of many diseases such as typhoid fever, cholera, 
bacillary dysentery and so on. Examples of such microbial 
contaminants are Salmonella spp, Shigella spp, Vibrio 
cholerae, Escherichia coli [1,12]. Therefore, maintaining 
safe drinking water remains critical to human health as 
contamination by bacteria may have implication well beyond 
a period of acute self-limiting disease. The bacteriological 
quality of water is of paramount importance and monitoring 
must be given highest priority. This is so because studies 
have attributed several disease outbreaks to untreated or 
poorly treated water containing bacterial pathogen that have 
been isolated from sachet water [13]. Objectives of The Study 
are to examine the microbiological quality and evaluate the 
bacteriological safety of sachet water sold in Ogbomoso 
metropolis.

Materials and Methods

Study Area

The study area for this research work will be within 
Ogbomoso city, Oyo state, south-western, Nigeria. Nigeria 
is on latitude 8.142165 and longitude 4.245186 with GPS 

coordinates of 8°8‘ 31.7940‖N and 4°14‘42.6696 E.

Study Design

This study is an experimental study. A comprehensive 
physical and bacteriological analysis was carried out on the 
water samples.

Study Site

Sample analysis was done at the Medical Laboratory 
Complex, Ladoke Akintola University of Technology Teaching 
Hospital, Ogbomoso, Oyo state.

Ethical Clearance

Ethical approval was obtained from the Ethical Review 
Committee, College of Health Science, Ladoke Akintola 
University of Technology, Ogbomoso, Oyo state.

Sample Collection

Fifteen (15) brands of sachet water were purchased for 
the purpose of the research. Each sample was purchased 
randomly from markets and street vendors in Ogbomoso 
metropolis. They were transferred in sterile bags to the 
Medical Microbiology Laboratory, Ladoke Akintola University 
Teaching Hospital (LTH) Ogbomoso.

Laboratory Investigation

Physical Analysis of the water sample: The physical 
examination of the water samples was done immediately after 
the samples got to the laboratory. The physical examinations 
include odor, taste and color.

Chemical Analysis of the water sample: The pH of each 
water sample was determined with pH meter and the color 
and turbidity of each sample was measured with digital 
spectrophotometer.

Bacteriological analysis: Triplicates (three sachets of each 
water brands) was used.

Total Coliform and Faecal Coliform Test
The Most Probable Number (MPN) method
MPN method was used to determine the total coliform and 
faecal coliform counts.

Procedure for Most Probable Number

Ten (10) ml of single strength MacConkey broth and 
double strength MacConkey broth was transferred into all 
test tubes. Durham tubes were put invertedly into all the 
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tubes and sterilize by autoclaving. Test tubes in five rows 
were set up in a tube rack. 10ml of the sample was inoculated 
into the first set of five tubes using sterile syringe for each 
water brand, 1ml of water sample was inoculated into the 
next set of five tubes using sterile syringe for each water 
brand 0.1ml of the sample into the next row using sterile 
syringe for each water brand. The test tubes were incubated 
at 37 ̊C for 24hours for the estimation of total coliforms and 
at 44.5 ̊C for 48hours in a water bath for faecal coliforms. 
Acid productions were determined by colour change and 
gas production was checked by gas formation in the Durham 
tubes. The MPN was then estimated from the MPN table 
(McCrady) for the test tubes. Following incubation, aliquots 
from the- cultured positive tubes were aseptically streaked 
on MacConkey agar for total coliform and Eosin Methylene 
Blue agar (EMB) for faecal coliform and incubated at 37 ̊C 
and 44 ̊C respectively [14].

Biochemical Test

Biochemical tests were carried out on colonies formed 
on the agar plates after incubation as described by Monica 
Cheesbrough (2006) to determine the identity of the bacteria 
isolate.

Gram Reaction

A thin smear of each isolated organism (both aerobic 
and anaerobic) was made on dry, grease free slide, it was air 
dried and heat fixed. The smears were flooded with gential 
violet and rinsed with water after 1 minute. It was flooded 
with Lugol‘s iodine and rinsed with water after 1 minute. It 
was decolorized briefly with acetone and rinsed with water. 
It was counterstained with safranin and rinsed with water 
after 1 minute. Each slide was blotted, dried and examined 
microscopically using ×100 objective lens [15].

Oxidase Test 

An oxidase reagent was used. Oxidase producing 
organisms e.g. Pseudomonas species oxidize 
phenylenediamine present in the oxidase reagent to a deep 
purple color when a colony of the test organism was smeared 
on the filter paper soaked in oxidase reagent. Purple 
coloration indicated oxidase positive. A piece of filter paper 
was soaked with a few drops of oxidase reagent, a colony of 
organism was smeared on the filter paper. Oxidase producing 
organism would produce oxidase and phenylenediamine in 
the reagent would be oxidized to a deep purple color [15].

Motility Test 

A ring of plasticine was made at the center of a slide, a 
loop full of overnight broth culture was transferred to the 

center of a neat cover slip. The ring of plasticine on slide was 
gently pressed against the cover slip ensuring that the drop 
did not come in contact with the slide. With a quick movement 
the slide was inverted so that the cover slip is upper most, 
the drop was then examined microscopically using the ×10 
objective and confirmed with ×40 objective [15].

Indole Test 

About 3 ml of peptone was dispensed in a bijou bottle, 
pure culture isolate was inoculated into it and incubated at 
37⁰C for 24 hours. Then few drops of kovac‘s reagent was 
added into the tubes and shake gently. A red colored ring 
indicated a positive result for indole test [15].

Citrate Utilization Test 

This test is one of several techniques used occasionally to 
assist in the identification of enterobacteria. The test is based 
on the ability of an organism to use citrate as its only source 
of carbon. Simmon‘s citrate agar was used to prepare slants 
in bijou bottles and sterilized at 121℃ for 15 minutes. After 
solidification, the slants were aseptically inoculated with 
test isolates with the aid of a flame sterilized straight wire 
and incubated at 37℃ for 24 hours. Slants were examined 
for color change; citrate utilizing organisms turn the medium 
blue while medium remains green for non-citrate utilizing 
organisms [15].

Urease Test 

Testing for urease enzyme activity is important in 
differentiating enterobacteria. The test organism was 
inoculated in a medium which contains urea and the 
indicator phenol red; it was incubated at 37℃ for 24 hours. 
When the strain is urease producing, the enzyme will break 
down the urea (by hydrolysis) to give ammonia and carbon 
dioxide. With the release of ammonia, the medium becomes 
alkaline as shown by a change in colour of the indicator to 
pink-red [15].

Catalase Test 

This test is used to differentiate those bacteria that 
produce the enzyme catalase, such as Staphylococci, from 
non-catalase producing bacteria such as Streptococci and 
Enterococci. Catalase acts as a catalyst in the breakdown of 
hydrogen peroxide to oxygen and water. Isolates were tested 
for catalase production by pouring 2ml of hydrogen peroxide 
into a test tube, sterile wire loop was used to remove several 
colonies of the test organism and immersed in the hydrogen 
peroxide solution. It was checked for immediate bubble 
formation [15].
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Coagulase Test

This test is used to identify S. aureus which produce 
the enzyme coagulase. Coagulase causes plasma to clot by 
converting fibrinogen to fibrin. A drop of distilled water 
was placed on each end of a slide or on two separate slides. 
A colony of the test organism (previously checked by Gram 
staining) was emulsified in each of the drops to make two 
thick suspensions. A loopful (not more) of plasma was added 
to one of the suspensions, and mixed gently. It was checked 
for clumping of the organisms within 10 seconds [15].

Results and Interpretation 

Table 1 Showed the MPN Index and 95% Confidence 
limits for various combinations of positives when five 

tubes are used per dilutions (10ml, 1.0ml, 0.1ml portions 
of samples). The different brands of pure water sachets 
examined had a Multiple Probable Number (MPN) per 100ml 
as follows: Sample 1 (80), Sample 2 (30), Sample 3 (900), 
Sample 4 (1600), Sample 5 (50), Sample 6 (280), Sample 7 
(9), Sample 8 (2), Sample 9 (170), Sample 10 (33), Sample 
11 (50), Sample 12 (350), Sample 13 (280), Sample 14 (170), 
Sample 15 (110) Tables 2-4.

Table 3 showed the safety status of the sachet water 
examined and their classification was determined by 
comparing their MPN index with WHO guidelines for drinking 
water. All except Ifesowapo and Joess were unsatisfactory. 
While Ifesowapo (9) was classified as suspicious Joess (2) 
was considered satisfactory.

No. of tubes giving positive reaction 95% Confidence Interval
Pure water 

Brand 5 of 10ml 5 of 1ml 5 of 
0.1ml MPN per 100ml Upper Lower

Sample 1 5 3 0 80 30 250
Sample 2 5 1 0 30 10 120
Sample 3 5 5 3 900 300 2900
Sample 4 5 5 4 1600 600 5300
Sample 5 5 2 0 50 20 170
Sample 6 1 1 0 2 1 11
Sample 7 2 1 1 9 3 24
Sample 8 1 0 0 2 1 11
Sample 9 5 4 1 170 70 480

Sample 10 4 3 1 33 15 77
Sample 11 5 2 0 50 20 170
Sample 12 5 4 4 350 160 820
Sample 13 5 4 3 280 120 690
Sample 14 5 3 3 170 80 410
Sample 15 5 3 1 110 40 300

Table 1: MPN Index and 95% Confidence limits for various combinations of positives when five tubes are used per dilutions 
(10ml, 1.0ml, 0.1ml portions of samples.

Class Grade Presumptive count (per 100ml)
1 Excellent 0
2 Satisfactory 1-3
3 Suspicious 4-10
4 Unsatisfactory >10

Table 2: Classification of the samples according to WHO guidelines for drinking water (1985).
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Pure water 
Brand MPN/100ml Safety Status

Sample 1 80 Unsatisfactory
Sample 2 30 Unsatisfactory
Sample 3 900 Unsatisfactory
Sample 4 1600 Unsatisfactory
Sample 5 50 Unsatisfactory
Sample 6 2 Satisfactory
Sample 7 9 Suspicious
Sample 8 2 Satisfactory
Sample 9 170 Unsatisfactory

Sample 10 33 Unsatisfactory
Sample 11 50 Unsatisfactory
Sample 12 350 Unsatisfactory
Sample 13 280 Unsatisfactory
Sample 14 170 Unsatisfactory
Sample 15 110 Unsatisfactory

Table 3: The Safety Status of the Sachet water brand based 
on the MPN Index.

Pure water Brand Organisms isolated
Sample 1 Escherichia coli
Sample 2 klebsiella spp.
Sample 3 klebsiella spp.
Sample 4 Pseudomonas spp.
Sample 5 Proteus spp.
Sample 6 Proteus spp.
Sample 7 No bacteria growth
Sample 8 No bacteria growth
Sample 9 Escherichia coli

Sample 10 Pseudomonas spp.
Sample 11 Pseudomonas spp.
Sample 12 Pseudomonas spp.
Sample 13 Pseudomonas spp.
Sample 14 Pseudomonas spp.
Sample 15 Pseudomonas spp.

Table 4: Showing the Pure water brands and the organisms 
isolated from them.

Discussion

All humans require an adequate supply of clean water 
in order to survive, and a lack of this resource is known to 

significantly decrease the quality of life [16]. When water 
supplies contain coliform bacteria in levels greater than one 
per 100ml of water, the water may also contain pathogens 
that cause acute intestinal illness. While generally considered 
a discomfort to health, these infections may be fatal for 
infants, the elderly and those who are sick [17] (Figure 1).

Figure 1: MPN Index of brands of Sachet water examined.

The presence of faecal coliform observed in packaged 
water has been reported to be due to poor hygienic practices 
of producers, failure to wash hands, ignorance about good 
hygienic practices as well as the presence of animals in the 
vicinity of the factory [18]. The coliform-positive samples 
were also tested for faecal coliform. Faecal coliform is 
considered more as an indicator of faecal contamination 
because whereas coliform can exist in the environment, 
faecal coliforms are non-disease causing organisms which 
are found in the intestinal tract of warm-blooded animals 
hence its presence is indicative of pollution with animal or 
human waste [19,20]. They are primarily used to indicate 
the presence of bacterial pathogens such as Salmonella 
spp., Shigella spp., Vibrio cholerae, Campylobacter jejuni, 
Campylobacter coli, Yersinia enterocolitica and pathogenic 
Escherichia coli. These organisms can be transmitted via 
the faecal/oral route by contaminated or poorly treated 
water and may cause diseases such as gastroenteritis, 
salmonellosis, dysentery, cholera and typhoid fever [21]. 
Sachet water is not completely sterile; it may not be entirely 
free of all infectious microorganisms. The potential danger 
associated with sachet water is contamination, which is a 
factor of the source of the water itself, treatment, packaging 
materials, dispensing into packaging materials and closure 
[10]. Water that has been treated for the purpose of drinking 
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should not be contaminated with coliform; if present then the 
source of the contamination must be located. Sachet water is 
sold to the public for direct consumption hence is supposed 
to undergo treatment. In the case of sachet water, the sources 
of contamination could be the main water source because it 
is reported that some unscrupulous producers just bag and 
seal pipe water without any form of treatment [22].

Poorly maintained filter systems are also a possible 
source of contamination because bacteria can grow on filters 
if these are not changed regularly, and thereafter enter the 
water supply [21,23]. It has been shown that charcoal filters 
used in removing unpleasant odors from drinking water 
can support large bacterial numbers [24]. The rubbers 
used in packaging the water if not properly sterilized and 
the generally unhygienic manners in which some of these 
products are hawked in the streets may also be sources of 
contamination [21]. From the study, Escherichia coli was 
isolated, which could imply that the water may have passed 
through a purification stage but not well purified to kill all 
the bacteria in the water [25].

Conclusion

The study was carried out to assess the bacteriological 
study of sachet water in Ogbomoso metropolis, Oyo state. A 
total of fifteen sachet water samples were analyzed in the 
department of Medical Microbiology Laboratory, Ladoke 
Akintola University of Technology, Ogbomoso Oyo state. 
From the results of this bacteriological study, only 13% 
brands of sachet water samples analyzed was satisfactory 
for drinking. The bacteriological analysis of coliform count 
showed that all the samples are biologically not satisfactory 
based on WHO standard. Since the biological quality of water 
is a hidden attribute that impacts seriously on public health, 
it is pertinent to note that the various sachet water packaged 
in the study area could have some health implications 
depending on the type of coliform found and there is 
therefore the need to improve on their biological treatment.

The analysis reveals that the water sources need some 
degree of treatment before consumption and also need to 
be protected from perils of contamination. The sachet water 
brands should adequately be improved in the treatment 
processes. Good quality packaged water can also be 
produced by ensuring that packaging materials are of good 
grade properly handled, stored and distributed in clean and 
hygienic condition.

The possible health hazard of drinking contaminated 
or poorly treated water is tremendous as water related 
diseases continue to be one of the major health problems 
domestically and globally, therefore maintaining a safe 
drinking water remains critical to human health. Most 

households in Nigeria now rely on sachet water as their 
main source of drinking water; therefore, there is need for 
bacteriological analysis of sachet water to ascertain if they 
are fit for human consumption. Sachet water is affordable 
from the perspective of consumers and for producers is 
a lucrative business but the results from the many studies 
raise public health concerns that need to be addressed.
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