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Abstract 

This study focuses on isolating and identifying bacteria contaminants from sachet waters sold within the University’s main 

campus, and determine the effect of these microbes on the quality of the sachet water. A sample size of 720 sachet water of 6 

different brands was collected at random. From each brand of sachet water, a bag of 20 sachets was purchased each month, which 

was divided into two halves of ten sachets each. One half was stored at ambient temperature, while the other half was 

refrigerated. Within 24 hrs after collection, samples were analyzed to assess the bacteriological quality of the water. 

Subsequently, each week a single sachet was randomly picked from the stored samples for bacteriological analysis. The study 

utilizes the multiple tube fermentation technique using commercially prepared MacConkey broth and Nutrient agar used as 

reagents for bacteria isolation. This study revealed that, out of 720 sachet water, bacterial species were isolated in 54 (7.5%) 

while 666 (92.5%) were devoid of bacteria. Bacteria were isolated in all the six brands. Among the bacteria species isolated, 

Staphylococcus aureus, Escherichia coli and Bacillus cereus were the predominant isolates. The findings revealed the presence 

of coliform and other pathogens in the samples which indicate risk involved in consumption of such products and could be 

hazardous to human health.  
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Introduction 

Water is a vital substance for the survival of all lives. 

It is abundant in nature and occupies about 70% of the 

earth’s crust. It is a biological medium which exists as 

solid, liquid and gas. It is the most universally used solvent 

and common route of transmission of diseases (Botkin and 

Keller, 1998). Water is an essential part of human nutrition 

and it is also require for maintenance of personal hygiene, 

food production and prevention of diseases (Adegoke et al., 

2012). Unavailability of good  quality drinking  water is  

 

wide spread and this has serious health implications. In 

developing nations of the world, 80% of all diseases and 

over 30% of deaths are related to drinking water (Dada and 

Ntukekpo, 1997). Only 36% of Nigerians have access to 

potable water and 6% have access to sound sanitation 

(WHO, 2014). An estimated 748 million people all over the 

world lack access to potable water and close to 2.5 billion 

persons are not provided with adequate sanitation (WHO, 

2014). 
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The demand for safe drinking water in Nigeria 

cannot be overemphasized, considering the inability of 

government to provide adequate pipe borne water to its 

citizens. Consequently, a number of  small scale  water 

producing industries are packaging and marketing factory-

filled sachet drinking water popularly called, pure water 

that are often considered as a safe source of potable water 

(Dodoo et al., 2006). Sachet water, a brand of packaged 

water has therefore, gradually become the most widely 

consumed liquid for both the rich and the poor in Nigeria 

(Sunday et al., 2011). Hygiene, purity, tastes, and, most 

importantly, safety is probably amongst various reasons for 

sachet water consumption (Sunday et al., 2011). 

Unfortunately, the problems of its purity and health 

concerns have begun to manifest (Oladipo et al., 2009). The 

potability of this water is found uncertain being collected 

from almost every available water source ranging from 

rainwater to tanker borne water most of which are rusty and 

unwashed (Dibua et al., 2007). 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 

(Omalu et al., 2010). Several studies on the microbial 

quality of bottled and sachet water have reported violations 

of international quality standards. Sachet water have been 

reported to contain bacteria such as Bacillus specie, 

Pseudomonas species, Klebsiella species, Streptococcus 

species and oocysts of Cryptosporidia species (Omalu       

et al., 2010). The World Health Organization estimates that 

88% of diarrheal disease is caused by unsafe water, 

inadequate sanitation and poor hygiene as a result, more 

than 4,500 children die every day from diarrhea and other 

diseases (CAWST, 2009). The study aimed to assess 

microbes which are capable of contaminating the sachet 

water. 

Materials and Methods  

Sample collections 

Seven hundred and twenty sachet water from six 

brands sold within Ahmadu Bello University, Zaria, 

Kaduna State, Nigeria were randomly collected from the 

production companies within six months. The production 

companies are located in Commercial Road, Government 

Reserved Area (GRA), Graceland, Jushi and Zango. From 

each brand of sachet water, a bag of twenty sachets were 

purchased each month, divided into two, half stored at 

ambient temperature while half was refrigerated. Within 24 

hrs after collection, sample were analysed to assess 

bacterial load. Subsequently, each week single sachet was 

randomly picked from the stored samples for analysis 

within the month.  

Culture media and its preparation 

MacConkey broth and Nutrient agar used were 

prepared according to manufacturer’s instruction. The 

molten media were poured into conical flasks and test 

tubes, plugged with aluminum foil. All the media were 

autoclaved at 121°C at a pressure of 15 pound. After 

sterilization, 15 ml of each medium was aseptically 

dispensed into sterile petri dishes and allowed to solidified. 

The petri dishes were labeled accordingly. 

Isolation of Bacteria 

The method used for the isolation of the organisms 

was multiple tube fermentation technique as described by 
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Cheesbrough (2000). Presumptive test was done using 

MacComkey Broth. Using 10 ml sterile disposable syringe, 

10 ml of the sample was withdrawn and dispensed 

aseptically into five tubes containing 10 ml of Mac 

Comkey Broth double strength then 50 ml of the sample 

was dispensed into one tube containing 50 ml of 

MacComkey Broth double strength. Each of the tubes 

contained an inverted Durham tube was air tight and 

shaked to distribute the sample uniformly throughout the 

medium and to make sure the inverted Durhan tube is full 

of broth and there is no air bubbles trapped inside it then 

incubated at 37oC. The work floor was always disinfected 

before and after. After 24 hrs; positive tubes showing gas 

and acid formation by colour change from presumptive 

fermentation were recorded and referred to Most Probabe 

Number (MPN) and index was determined from the 

probability table. The positive tubes were striked unto 

Nutrient Agar plate. All pure isolates from the media were 

sub-cultured into Nutrient Agar slants labeled appropriately 

and refrigerated for further purposes. 

Characterization and identification of isolates: Pure 

cultures of bacteria isolates were Gram stain to identify the 

bacteria type on the basis of cell shapes and Gram reaction. 

During Gram stain, a drop of distilled water was placed on 

clean microscopic slide, distinct colonies on the agar plates 

were picked using sterilized wire loop which was then 

smeared thinly on the slide. The smears were allowed to air 

dry and heat-fixed by passing the slide over Bunsen burner 

flame. The heat-fixed smear was then allowed to cool and 

was Gram stained. The smears were examined 

microscopically under oil immersion as described by 

Cheesbrough, (2000). The isolates were subjected to 

biochemical test for identification using Microgen test kits 

as described by Barrow and Feltham (1993). 

Results 

This study revealed that, out of 720 sachet water, 

bacterial species were isolated in 54 (7.5%) while 666 

(92.5%) were devoid of bacteria. Bacteria were isolated in 

all the six brands. Total of 17  bacteria species were 

isolated from six brands of sachet water but their 

distribution was not even. Bacillus mergaterium, Bacillus 

lentus, Enterobacter agglomerans, Providencia 

acalifaciens, Morganella morganii, Providencia stuartii, 

Yersinia enterocolitica, Staphylocuccus xylosus, 

Staphylococcus warneri and Staphylococcus saprophyticus 

were isolated from one sample each. Staphylococcus 

lugdeninsis, Acinetobacter iwoffii, Acinetobacter 

haemolyticus and Edwardsiella tarda were isolated from 

two samples each Bacillus cereus was isolated from four 

samples, Escherichia coli was isolated from five samples 

and Staphylococcus aureus was isolated from all the 

samples (Table 1). Their percentage of occurrence varied. 

Staphylococcus aureus was recorded in highest percentage 

followed by Escherichia coli and Bacillus cereus. Rest of 

the fourteen bacteria species recorded varied percentage of 

occurrence (Table 2). When the samples collected were 

subjected to two conditions there were significant 

differences in their means.  
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Discussion 

Seventeen bacteria species were isolated from a total 

of 6 brands of sachet water used (Table 1). Most of the 

bacteria species isolated have been reported in previous 

studies (Waziri, 2012; Abiodun et al., 2013; Ayoade et al., 

2013). All the sachet water was however contaminated with 

varied number of bacteria species even though their 

distribution varied among the brands (Table 1).  

Table 1. Bacteria species isolated from six brands of sachet water and their distribution 

 Brands of Sachet Water 

Bacteria Species Isolated FTTˣ OJTˣ BSTˣ BRTˣ LSTˣ DFTˣ 

Staphylococcus aureus             

Staphylococcus lugdeninsis -   - - -   

Staphylococcus saprophyticus   - - - - - 

Staphylococcus warneri -   - - - - 

Staphylocuccus xylosus - - - - -   

Escherichia coli           - 

Yersinia enterocolitica   - - - - - 

Acinetobacter iwoffii - - -   -   

Acinetobacter haemolyticus -     - - - 

Providencia stuartii - - - -   - 

Edwardsiella tarda     - - - - 

Morganella morganii - - - -   - 

Providencia acalifaciens - -   - - - 

Enterobacter agglomerans - -   - - - 

Bacillus cereus         - - 

Bacillus lentus - -   - - - 

Bacillus mergaterium - - - -   - 

 =Present,   - =Absent, ˣ = Codes representing trade names of brands of sachet water 

Table 2. Bacteria isolated from six brands of sachet water and their percentage of occurrence 

ˣ = Codes represent trade names of brands of sachet water, Values outside parenthesis represent occurrence,  Values in parenthesis represent 

Percentage  

The occurrence of the varied number of bacteria species in 

the different brands of sachet water indicate variation in the 

level of treatment rendered to the water samples during 

production and difference in the sources of water used for 

 Brands of Sachet Water 

Bacteria species isolated FTTˣ OJTˣ BSTˣ BRTˣ LSTˣ DFTˣ 

Staphylococcus aureus     3(5.56) 2(3.70) 3(5.56) 2(3.70) 1(1.85) 5(9.26) 

Staphylococcus lugdeninsis 0(0.00) 1(1.85) 0(0.00) 0(0.00) 0(0.00) 1(1.85) 

Staphylococcus saprophyticus 1(1.85) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 

Staphylococcus warneri 0(0.00) 1(1.85) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 

Staphylocuccus xylosus 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(1.85) 

Escherichia coli 2(3.70) 1(1.85) 2(3.70) 1(1.85) 3(5.56) 0(0.00) 

Yersinia enterocolitica 1(1.85) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 

Acinetobacter iwoffii 0(0.00) 0(0.00) 0(0.00) 2(3.70) 0(0.00) 1(1.85) 

Acinetobacter haemolyticus 0(0.00) 1(1.85) 1(1.85) 0(0.00) 0(0.00) 0(0.00) 

Providencia stuartii 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(1.85) 0(0.00) 

Edwardsiella tarda 1(1.85) 2(3.70) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 

Morganella morganii 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(1.85) 0(0.00) 

Providencia acalifaciens 0(0.00) 0(0.00) 1(1.85) 0(0.00) 0(0.00) 0(0.00) 

Enterobacter agglomerans 0(0.00) 0(0.00) 1(1.85) 0(0.00) 0(0.00) 0(0.00) 

Bacillus cereus 3(5.56) 2(3.70) 3(5.56) 1(1.85) 0(0.00) 0(0.00) 

Bacillus lentus 0(0.00) 0(0.00) 1(1.85) 0(0.00) 0(0.00) 0(0.00) 

Bacillus mergaterium 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1(1.85) 0(0.00) 
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production. It may be deduced that the higher the numbers 

of bacteria species present in any water sample was 

probably due to inadequate treatment coupled with poor 

hygiene practices, such as sneezing, coughing and poor 

handling of production materials by personnel with 

unwashed hands during production, use of unsterilized 

equipment during production.  

The study revealed that, among the bacteria species 

isolated, Staphylococcus aureus had the highest percentage 

followed by Escherichia coli and Bacillus cereus (Table 2). 

Similarly, mean of the colony count varied and was 

significantly different at (P˂0.05) (Table 3). The higher 

mean of colony count was recorded in DFT and FTT while 

LST had the least mean of colony count (Table 4.3). The 

frequent occurrence of the bacteria species could be 

attributed to lack of proper knowledge on the application of 

disinfectants since they are known to be resistant to 

common disinfectants such as chlorine. Similar observation 

was made by Oyedeji et al. (2010); Muazu et al. (2012) and 

Musa and Iyoha (2014). The potential health effects that 

may be caused by theses bacteria species include abscesses, 

ulcers, food poisoning, inflammation of breast and 

conjunctivitis in new born, nausea, vomiting and diarrhea 

urinary tract infections, appendicitis, meningitis in new 

born, abdominal pain , pneumonia and bacteraemia 

(Cheesbrough, 2000; WHO, 2011). It may be deduced 

Table 3. Mean (±S.E) of the Most Probable Number of the Bacteria Isolated 

Brands of Sachet Water After Collection Room Temperature Refrigerated 

FTTˣ 3.00±1.03a 

(0.00-6.00) 

0.46±0.18c 

(0.00-3.00) 

2.46±0.48b 

(0.00-9.00) 

OJTˣ 2.83±1.05a 

(0.00-6.00) 

1.17±0.26c 

(0.00-4.00) 

2.04±051b 

(0.00-9.00) 

BSTˣ 1.67±0.95a 

(0.00-6.00) 

0.50±0.19c 

(0.00-4.00) 

0.54±0.30b 

(0.00-6.00) 

BRTˣ 2.50±1.15a 

(0.00-6.00) 

1.13±0.22b 

(0.00-3.00) 

0.67±0.35c 

(0.00-6.00) 

LSTˣ 1.00±1.00a 

(0.00-6.00) 

0.25±0.12c 

(0.00-2.00) 

0.42±0.26b 

(0.00-6.00) 

DFTˣ 3.17±0.91a 

(0.00-6.00) 

1.17±0.38c 

(0.00-6.00) 

2.71±0.60b 

(0.00-9.00) 

 Means with different superscript across the rows are significantly different (P˂0.05), ˣ = Codes represent trade names of brands of sachet 

water, Values in parenthesis represent range  

that many diseases prevalent among the general public 

could be trace to the consumption of such product 

considering the fact that the water has high load of bacteria 

species which could have significant effect on the general 

public and the work force in a community.    

Conclusion 

The findings revealed the presence of coliform and 

other pathogens in the samples which indicate risk involved 

in consumption of such products and are therefore could be 

hazardous to human health. Based on the results obtained in 
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this study, it could be concluded that sachet water are 

contaminated with bacteria. The predominant bacteria 

species associated with the sachet water are Staphylococcus 

aureus, Escherichia coli and Bacillus cereus. The presence 

of these microbes in sachet water has been traced to 

inadequate treatment and poor hygiene practices during 

production, which has significantly affected the quality of 

the sachet water making the water unfit for human 

consumption. It also revealed that both ambient and 

refrigeration favour multiplication of bacteria. It revealed 

that storage has significant effect on the microbial quality 

of sachet water if the treatment is inadequate during 

production. It also revealed that the quality of sachet water 

can be deteriorated within the shelf life if the water 

produced is not adequately treated. Considering the high 

patronage of sachet water in the area of study, it is 

recommended that all manufacturing industries must adhere 

to guidelines and all the existing laws should be enforced. 

Furthermore, to safeguard the health of the people there is 

need for continueous monitoring of the quality of the water 

and the environment they are produced. In addition, there is 

need for awareness programs in order to educate the 

general public on the potential health implication 

associated with consumption of such products. There is 

also need for awareness programs in order to educate the 

general public on the effect of storing potable water for 

long periods.  
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