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Introduction
Currently, locally prepared fresh fruit juices are widely con-
sumed as important sources of nutrients and phytochemicals.1,2 
Fruit juices are rich sources of biologically active components 
that decrease the risk of chronic diseases such as cardiovascular 
disease,3 diabetes,4,5 and heart disease.4 Juices are rich sources 
of bioactive compounds and have antioxidant and anti-inflam-
matory properties. They are an important source of flavan-
3-ols, flavonols, anthocyanins, polyphenols, and vitamin C that 
are important in the promotion of health.6-9

However, fruit juices are highly perishable and can serve as 
an ideal medium for the growth and multiplication of various 
pathogenic microorganisms.4 Fruit juices can be contaminated 
with Escherichia coli and Salmonella, Staphylococcus aureus, 
Enterobacter spp., Klebsiella, and Serratia species.10-16 These 
pathogens cause typhoid fever, food poisoning, gastroenteritis, 
enteric fever, and diarrheal disease.17-19

Globally, contamination of fruit juices with pathogenic 
microorganisms has been reported to be associated with vari-
ous outbreaks of infectious diseases that resulted in high mor-
bidity and mortality.17,18,20,21 According to a 2017 World 
Health Organization (WHO)22 report, the annual global bur-
den of food borne diseases was about 600 million of which 
420 000 people die, including 125 000 children under the age of 
5 years.

In Ethiopian towns and cities, fresh and unpasteurized fruit 
juice is common and preferred by consumers due to its fresh 
flavor attributes and nutritious values. Similarly, the number of 
fruit juice vending houses serving different types of fresh fruit 
juices are increasing in Ethiopia.15 However, the lack of an 
adequate food safety system is a major problem and has become 
an obstacle to sustainable health, safety, and economic develop-
ment of the population of Ethiopia. A study conducted in 
Ethiopia reported the prevalence of food borne pathogen 
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accounted 8.0% (Salmonella, pathogenic Escherichia coli, 
Shigella, and Campylobacter spp.), of which Salmonella and 
pathogenic E. coli contributed to 5.7% and 11.6%, respec-
tively.23 As a result of poor and under-reporting of outbreaks or 
foodborne diseases in developing countries, including Ethiopia, 
this problem is expected to be higher. Today, lifestyle changes 
in Ethiopian cities and towns have increased the demand for 
ready-to-eat foods. Despite the increasing use of locally pre-
pared fresh fruit juices, there is no adequate evidence on the 
bacteriological quality of locally prepared fresh fruit juices.

As a result, there is a need to develop a database on this issue 
so that the regulatory agencies take action to improve both 
safety and quality of the fruit juice. Therefore, this study aimed 
to determine and provide data on the bacteriological quality of 
locally prepared fresh fruit juices sold in juice houses of eastern 
Ethiopia.

Materials and Methods
Study area and study design

The cross-sectional study was conducted in selected towns of 
eastern Ethiopia, where there are high resident populations 
and juice houses are common, particularly in Dire Dawa, 
Jigjiga, and Harar towns from 4 April to 12 June 2020. Jigjiga, 
Harar, and Dire Dawa towns are located at about 619, 525, and 
520 km, respectively, from the capital of Ethiopia, Addis Ababa. 
Dire Dawa, Harar, and Jigjiga towns are located at a latitude 
and longitude of 9°36′N and 41°52′E, 9°19′N and 42°7′E and 
9°21′N and 42°48′E, respectively.

Sample-size and sampling techniques

A total of 78 fruit juice samples were collected from all juice 
houses (N = 26) found in selected towns in Eastern Ethiopia. 
From each juice house, 3 most commonly consumed locally 
prepared mango, avocado, papaya, and mixed juices were col-
lected aseptically (using sterile materials, flaming, refrigeration, 
and appropriate procedures) and analyzed for their bacterio-
logical status. At the same time, data related to sociodemo-
graphic characteristics and hygiene and safety conditions were 
collected from 78 food handlers (juice makers). There were 26, 
24, and 37 juice makers working in juice houses of Harar, 
Jigjiga, and Dire Dawa, respectively. Based on these number, 
the sample size (n = 78) was proportionally allocated to the 
study locations that produced 24, 21, and 33 participants from 
Harar, Jigjiga, and Dire Dawa, respectively.

Data collection for face-to-face interview

Data related to sociodemographic characteristics (such as age, 
sex, marital status, educational status, work experience and 
training in food hygiene and safety), and hygiene and safety 
conditions (such as method of food preservation, place to store 
juice and fruit, frequency of cleaning materials, types of dish 

washing, types of waste collection receptacles, availability of 
hand washing facilities, and action done with juice gone bad) 
were collected by face-to-face interview using pretested semi-
structured questionnaire and observational checklist. The 
questionnaire was prepared in the English language and trans-
lated into Afan Oromo and Amharic (the local language of the 
study participants). The questionnaire was pretested before 
data collection in another town outside the study area, 
Haramaya Town, eastern Ethiopia, on 5% of the sample size. 
The accuracy and completeness of the completed questionnaire 
and checklist were checked to reduce errors by comparing the 
response from the pretesting with the desired outcome to be 
obtained using these tools. Finally, completed questionnaires 
and checklists were checked to determine its completeness 
before data entry.

Sample collection and processing

About 250 mL of fruit juice sample was collected aseptically 
from juice storage where the fruit juice was directly given to con-
sumers. An aseptic technique was used throughout sampling and 
handling procedures by using sterile materials, flaming, refrig-
eration, and appropriate procedures. The bacteriological analysis 
of the samples was done at the Environmental Health Laboratory, 
College of Health and Medical Sciences, Haramaya University. 
The samples were transported to the laboratory using the ice box 
and kept below 5°C and immediately analyzed in the range of 
10 minutes to 1.5 hours. Serial dilutions of 3 folds (10−1, 10−2, and 
10−3) were done based on International Standard Organization 
(ISO) 6887-1:1999 protocols.24 Furthermore, each bacteriologi-
cal test was performed according to the protocol of ISO 
7218:2013(E).25

Bacteriological analysis

Total viable bacterial counts (TVBC).  The serial dilutions of 
10−1, 10−2, and 10−3 were done. One mL of the sample was added 
to 9 mL of sterile peptone water to get the first dilution (10−1). 
To obtain further dilutions, the same procedure was applied (ie, 
to obtain the second dilution, 1 mL of the initially diluted sam-
ple was added to 9 mL of peptone water). The total colony 
count of the bacteria was carried out using pour plate count 
method on plate count agar (PCA) on triplicate plates (3 plates 
for each dilution) using ISO 4833-1:2013(E) protocol.26

One mL of each diluted juice sample and 12 mL of plate 
count agar were mixed using sterilized Petri dishes and sterile 
pipette. Triplicate or 3 diluted samples were taken from each 
set of serial dilution (10−1, 10−2, and 10−3) and analyzed to 
determine TVBC in fruit juice samples. Then, an inoculum 
from the molten agar culture medium was mixed accordingly 
by rotating the Petri dishes. The mixture was allowed to solid-
ify by leaving the Petri dishes on a cool horizontal surface. The 
same procedure was repeated under the same conditions for 
each decimal dilution. Then, plates were incubated under an 
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aerobic condition at 30°C for 72 hours in an inverted position. 
After the incubation period, colonies were counted using a 
colony counter. The number of microorganisms enumerated 
per mL of the sample was calculated using the number of colo-
nies obtained from each plate.26 Finally, the results were pre-
sented as the number of total viable bacteria counts per mL and 
reported as log CFU/mL.

Coliform count (total and fecal coliform).  Serial dilutions were 
performed by adding 1 mL of the sample to 9 mL peptone 
water to get the initial dilution (10−1), and to get all required 
dilutions, the same procedure was applied. Detection and enu-
meration of the coliform were performed according to the ISO 
4831:2006(E) protocol.27 To determine the coliform count, 3 
tubes of double-strength Lauryl Sulfate Tryptose (LST) broth 
(liquid selective enrichment medium) were inoculated with 
1 mL of appropriately diluted sample using a sterile pipette and 
thoroughly mixed.

Furthermore, 3 tubes of single-strength medium, LST 
medium broth were inoculated with the sample. The same pro-
cedure was repeated under the same conditions for each deci-
mal. The tubes contain double and single strength medium 
were then incubated at 37°C for 24 hours. However, tubes that 
did not form gas after the incubation period were further incu-
bated for another 24 hours at 37°C, and the presence of gas 
formation in the Durham tube was considered positive.

For the confirmatory test, Brilliant Green Lactose Broth 
(BGLBB) was inoculated with cultures from tubes of double 
and single strength medium and examined for gas formation 
after incubation time at 37°C for 48 hours. Finally, the most 
probable number (MPN) of coliforms per mL was calculated 
from the number of tubes showed gas and determined accord-
ing to the MPN table.27

To determine fecal coliform in the sample, the positive tubes 
of LST were further incubated at 44.5°C for 48 hours. Then, 
Escherichia coli (EC) broth was used for the confirmatory test 
and incubated at 45°C for 48 hours. Finally, gas formation in an 
EC broth was considered as positive for fecal coliform28 and 
evaluated according to the MPN table.27

Detection of E. coli.  The detection of Escherichia coli in juice 
samples was performed using the ISO 7251:2005 (E) proto-
col.29 Dilutions were pre-enriched in buffered peptone water 
and enriched in LSB broth. The tubes were incubated at 37 °C 

and examined for gas formation after 24 and 48 hours of incu-
bation periods. The positive tubes (tubes produced gas) were 
further sub-cultured in 3 tubes (MPN) containing a liquid 
selective medium (EC broth) and examined for gas formation 
after 24 hours.

Furthermore, positive tubes (gas produced in EC broth) 
were inoculated and incubated in tryptone water at 44°C for 
48 hours. The presence of Escherichia coli in the juice sample 
was then confirmed using indole reagent. Finally, the presence 
of a red ring in the alcoholic phase was considered as positive 
test and presented as “detected” or “not detected” and evaluated 
based on the MPN table index.29

Finally, the results of all bacterial species analyzed in this 
study were determined based on the most probable number 
(MPN) table and compared with Gulf Standard 200030 
(Table 1).

Physicochemical and water quality analysis

pH and temperature of juice sample were measured using port-
able digital pH and thermometer meter, respectively.

Data quality control

Before data collection, the questionnaire and observation 
checklist were pretested on 5% of the study sample size in 
Haramaya town, outside the study areas, using face-to-face 
interviews to ensure clarity and applicability of the question-
naire and observation checklist. It was carried out after permis-
sion and consent were obtained from the agencies and 
individuals included in this study. To minimize errors, the con-
sistency of the procedures was maintained while conducting 
the experiments throughout the study. The aseptic technique 
was used for sampling, handling processes and bacteriological 
testing.25 Strain specification code, American Type Culture 
Collection (ATCC), E. coli derived from ATCC, 25922 was 
used as the positive controls for the E. coli, total coliform, and 
fecal coliform. The samples were analyzed immediately to 
avoid changes. Three diluted samples were analyzed for each 
serial dilution (10−1, 10−2, and 10−3) to confirm the contamina-
tion level and the mean score was taken to determine the level 
of bacteria in the sampled fruit juice. The equipment and 
media were sterilized or disinfected depending on the type of 
equipment. Autoclave was used to sterilize the medium and 

Table 1.  Recommended microbial level for fruit juices (Gulf Standard 2000).

Gulf Standard 
2000

Level TVBC 
(logCFU/mL)

TCC  
(log CFU/mL)

FCC  
(CFU/mL)

E. coli  
(CFU/mL)

MBLA 3.699 1 Not detected Not detected

  MBLP 4 2 Not detected Not detected

Abbreviations: CFU, colony forming Unit; E. coli, Escherichia coli; FCC, fecal coliform count; MBLA, maximum bacterial load anticipated; MBLP, maximum bacterial load 
permitted; TCC, total coliform count; TVBC, total viable bacteria count.



4	 Environmental Health Insights ﻿

equipment at 121°C for 15 minutes.25,31 On the other hand, 
alcohol (ethanol, 70% concentration) was used to disinfect 
some materials and working surfaces.

Data processing and analysis

Each measurement of the different variables was systematically 
organized and subjected to statistical analysis using the 
Statistical Package for Social Sciences (SPSS) version 22.0. 
One-way analysis of variance (ANOVA) was used to compare 
the mean bacterial counts among the study locations and types 
of juices. The association between socio-demographic charac-
teristics and hygiene and safety conditions and bacteriological 
contamination of fruit juices were assessed using Pearson’s 
Chi-square test and Fisher’s Exact Test. A P-value of .05 was 
considered as the cut-off point for statistical significance.

Results
Sociodemographic characteristics of the study 
participants

The study included a total of 78 study participants (juice mak-
ers) of which more than half, 54 (69.2%) were females. Thirty-
eight (48.7%) of the study participants were within the ages 

ranged from 25 to 34 years, the largest proportion, followed by 
participants with ages ranged from 15 to 24 years, represented 
21 (26.7%). Only 10 (12.8%) of the study participants had no 
formal education, while 68 (87.2%) had formal education. 
Furthermore, 41(52.6%) of the participants had work experi-
ence ranging from 1 to 2 years. Only 7 (9.0%) participants had 
training in food hygiene and safety. Furthermore, the study 
found a statistically significant association between bacterial 
contamination of fruit juice and socio demographic character-
istics of the respondents such as educational status and train-
ing in food hygiene and safety (P-value <.001) (Table 2).

Bacteriological load of fresh fruit juices

The total bacterial count of the fruit juice samples was calcu-
lated based on the bacterial count on each plate (10−1, 10−2, and 
10−3 serial dilutions) and later the mean value was taken. Total 
coliform, fecal coliform, and E. coli were determined based on 
the most probable number (MPN) table and evaluated with 
Gulf Standard 2000.30

The current study found that the overall total viable bacte-
rial count (TVBC) ranged from 2.41 to 5.97 log CFU/mL 
with a mean value of 5.38 log CFU/mL. The total viable 

Table 2.  Sociodemographic characteristics of food handlers working in juice houses of eastern Ethiopia, 2020 (n = 78).

Parameter Category Frequency Percentage χ2 test 
(Fisher 
exact test)

P-value

Sex of the 
respondents

Male 24 30.8 19.748 <.001*

Female 54 69.2  

Age of the 
respondents

15-24 21 26.9 7.532 .402

25-34 38 48.7  

34-44 10 12.8  

45-54 6 7.7  

>55 3 3.8  

The educational 
status of the 
respondents

No formal 10 12.8 31.663 <.001*

Primary school 24 30.8  

Secondary school 31 39.7  

College/diploma 12 15.4  

Degree and above 1 1.3  

Service year <1 23 29.5 3.768 .398

1-2 41 52.6  

>2 14 17.9  

Training in food 
hygiene and safety

Yes 7 9.0 23.040 <.001*

No 71 91.0  

*Statistically significant (P-value <.05). The χ2 and P-value value indicated in the table was calculated based on the total viable bacterial count.
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bacterial count in mango, avocado, papaya, and mixed juices 
ranged from 2.41 to 5.86 log CFU/mL, 2.95 to 5.91 log CFU/
mL, 2.92 to 5.44 log CFU/mL, and 2.68 to 5.46 log CFU/mL, 
respectively.

The mean total bacterial count among the samples collected 
from Harar, Dire Dawa, and Jigjiga towns were 5.54, 5.44, and 
5.61 log CFU/mL, respectively. Fruit juice samples were con-
taminated with total coliform, fecal coliform, and E. coli, each 
ranged from not detected to >3.04 log MPN/mL. Based on 
the study locations, the samples taken from the Harar town 
were contaminated with total coliform ranged from not 
detected to >3.04 log MPN/mL, fecal coliform ranged from 
0.48 to 2.66 log MPN/mL and E. coli ranged from 0.48 to 2.66 
log MPN/mL. The samples collected from Dire Dawa town 
were contaminated with total coliform ranged from not 
detected to >3.04 log MPN/mL, fecal coliform ranged from 
0.48 to 2.46 log. MPN/mL and E. coli ranged from 0.48 to 
2.46 log MPN/mL (Table 3).

Bacteriological status of locally prepared fresh fruit 
juices

The current study found that 67 (85.9%) of the samples had 
TVBC higher than the maximum permitted limit of Gulf 
Standard 2000 (>4 log CFU/mL) and 50 (64.1%) of the sam-
ples had total coliform count higher than the maximum per-
mitted limit (>2 log CFU/mL). Furthermore, the study found 
that 47 (60.3%) of the samples had fecal coliform and 26 
(33.3%) of the sample had E. coli greater than the maximum 
permitted limit.30

The study found that 30 (90.9%) of the samples collected 
from Dire Dawa had TVBC higher than the maximum per-
mitted limit (>4 log CFU/mL). On the other hand, 75.0% of 
the samples collected from Harar town and 90.5% of the sam-
ples collected from Jigjiga town had TVBC higher than the 
maximum permitted level. Furthermore, a higher percentage of 
unsatisfactory level of the samples in terms of total coliform 
(72.2%), fecal coliform (75.7%) and E. coli (41.7%) were 
observed among the samples collected from Jigjiga, Dire Dawa, 
and Harar towns, respectively (Table 4).

Hygienic and safety conditions of juice houses and 
food handlers

Among 26 juice houses, 15 (57.2%) of the juice houses were 
putting fruit on the shelf while 12 (46.2%) of the juice houses 
reported using the refrigerator to keep the prepared juice. 
Fourteen (53.8%) of the juice houses were using basins to store 
the chopped fruits ready for extraction. On the other hand, 14 
(53.8%) of the juice houses were using sacks to collect the 
waste while 14 (53.8%) did not have hand washing facility dur-
ing observation. Furthermore, the study found a significant 
association between bacterial contamination of fruit juice and 
some hygiene and safety conditions, such as the method of 

fruit preservation, the place used to keep the juice after prepa-
ration, the action done with the juice gone bad, the frequency 
of cleaning materials used to keep the juice such as the refrig-
erator and materials used to store the juice, the type of dish 
washing, availability of hand washing facilities and types of 
waste receptacles (P-value <.05) (Table 5).

Physicochemical analysis of juice

pH: The mean value of pH among the analyzed juice samples 
was 4.59 ± 0.6 (SD). The mean value of temperature among 
the juice samples was 12.3 ± 2.66 (SD). Additionally, there was 
no any significant association between pH and contamination 
of juice and (χ2 = 1.39 [P value = .2]) as well as between tem-
perature of juice samples and bacterial contamination (χ2 = 0.24 
[P value = .9]) (Table 6).

Discussion
The aim of this study was to determine the bacterial contami-
nation of locally prepared fresh fruit juice sold in selected 
towns of eastern Ethiopia. Furthermore, factors associated 
with bacteriological contamination such as socio-demo-
graphic characteristics, and hygiene and safety conditions 
were assessed to det ermine the variation in bacterial con-
tamination of juice.

The current study found that the total bacterial count 
ranged from 2.41 to 5.97 log CFU/mL with a mean value of 
5.38 log CFU/mL. However, another study conducted in 
Ethiopia found a microbial count in the juice samples ranged 
from 4.0 to 5.46 log CFU/mL.15 Furthermore, the study found 
the mean TVBC in mango, avocado, papaya, and mixed juices 
was 5.15, 5.44, 5.44, and 5.46 log CFU/mL, respectively. This 
indicates that about an equal bacterial load was observed 
among all types of juice samples. However, this finding was 
lower than the finding of another study conducted in Bahir 
Dar Town, Ethiopia, that found the mean TVBC in avocado, 
papaya, and mango juice accounted for 7.49, 6.59, 2.51, and 
5.23 log CFU/mL, respectively.32 The variation may be related 
to the difference in the implementation of hygiene and safety 
measures. At least 3-quarters of the samples from each study 
location (Dire Dawa, Harar, and Jigjiga town) had TVBC 
higher than the maximum permitted limit, with a mean bacte-
rial count of 5.44, 5.54, and 5.61 log CFU/mL, respectively. 
This may be as a result of relatively similar socioeconomic con-
ditions and regulatory agencies of the study locations.

Overall, the current study found 67 (85.9%) of the samples 
had TVBC higher than the maximum permitted level of the 
Gulf standard, 2000 (>4 log CFU/mL) that was lower than 
the finding of another study conducted in Nigeria that reported 
90.0% of fruit juice samples contaminated with TVBC higher 
than the maximum permitted level of Gulf standard 2000 (>4 
log CFU/mL).33 However, the current study found higher pro-
portion of juice samples had TVBC higher than the maximum 
permitted level than another studies conducted in Ethiopia34 
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Table 4.  Acceptability distribution of examined fruit juice samples based on microbiological guideline for any fruit juice (Gulf standard 2000).

Parameter Category Counts/ 
absent/
present

Harar town 
(n = 24)

Dire Dawa town 
(n = 33)

Jigjiga town 
(n = 21)

Total (n = 78) 

Frequency (%) Frequency (%) Frequency (%) Frequency (%)

TVBC (log 
CFU/mL)

Satisfactory <3.699 5 (20.8) 2 (6.1) 1 (4.8) 8 (10.2)

Acceptable 3.699-4.0 1 (4.2) 1 (3.0) 1 (4.8) 3 (3.9)

Unsatisfactory >4.0 18 (75.0) 30 (90.9) 19 (90.4) 67 (85.9)

TCC (log 
MPN/mL)

Satisfactory <1 4 (16.7) 2 (6.1) 2 (9.5) 8 (10.3)

Acceptable 1-2 9 (37.5) 8 (24.2) 3 (14.3) 20 (25.6)

Unsatisfactory >2 11 (45.8) 23 (69.7) 16 (72.2) 50 (64.1)

FCC (log 
MPN/mL)

Satisfactory Not detected 13 (54.2) 8 (24.2) 10 (47.6) 31 (39.7)

Unsatisfactory Detected 11 (45.8) 25 (75.8) 11 (52.4) 47 (60.3)

E. coli (log 
MPN/mL)

Satisfactory Not detected 14 (58.3) 23 (69.7) 15 (71.4) 52 (66.7)

Unsatisfactory Detected 10 (41.7) 10 (30.3) 6 (28.6) 26 (33.3)

Abbreviations: CFU, colony forming unit; E. coli, Escherichia coli; FCC, fecal coliform count; MPN, most probable number; TCC, total coliform count; TVBC, total viable 
bacteria count.

Table 5.  Hygiene and safety conditions of juice houses and food handlers working in juice houses of eastern Ethiopia, 2020.

Parameter Category Frequency 
(%)

χ2 test 
(Fisher 
exact test)

P-value

Methods of preservation used/place to 
put fruits

On Shelf 15 (57.7) 17.977 <.05*

In a bucket 10 (38.5)  

On the floor 1 (3.8)  

Place to put chopped fruit In saucepan 6 (23.1) 8.591 >.05

On table 6 (23.1)  

In a basin 14 (53.8)  

Place to keep the juice after preparation In Jag 12 (46.2) 13.709 <.05*

In squeezing machine 2 (7.7)  

In a refrigerator 12 (46.2)  

Action done with the juice gone bad. Mixing with a fresh juice 14 (53.8) 12.776 <.05*

I dispose it 12 (46.2)  

Frequency of cleaning material used to 
keep the juice (refrigerator and other 
materials used to store juice)

Every day 14 (53.8) 12.776 <.05*

After each use 12 (46.2)  

Type of dish washing One compartment sink 3 (11.5) 19.748 <.05*

Two compartments sink 19 (73.1)  

Three compartments sink 4 (15.4)  

Hand washing equipment Available 12 (46.2) 12.776 <.05*

Not available 14 (53.8)  

(Continued)
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Table 6.  Physicochemical analysis of juice sample and its association with fruit contamination.

Variables Parameters Frequency 
(%)

TVBC

χ2 (P-value)

PH ⩽4.6 40 (51.3) 1.39 (.2)

Above 4.6 38 (48.7)

Temperature of 
fruit juice sample

Below 10°C 16 (20.5) 0.2 (.9)

Between 10°C and 60°C (danger zone) 62 (79.5)

Abbreviation: TVBC, total viable bacteria count.

and Ghana35 that reported 80.0% and 52% of the samples had 
TVBC higher than the maximum permitted level, respectively. 
The variation may be due to poor hygiene practices or cleanli-
ness of working areas and poor quality of raw materials used or 
improper storage conditions. The higher microbial load in food 
makes a food unfit for consumption and potential risk to con-
sumer health.36

Furthermore, the current study found the total coliform 
count ranged from not detected in the sample to higher than 
3.04 log MPN/mL. The study found 50 (64.1%) fruit juice 
samples had a total coliform count higher than the maximum 
permitted level of Gulf Standard 2000 (2 log MPN/mL), that 
was lower than the finding of another study conducted in 
Ethiopia that found 76.7% of the samples had a total coliform 
count higher than the maximum permitted level.34 However, it 
was in line with the finding of another study conducted in 
Lahore City that found 60% of samples had a total coliform 
count above the maximum permitted level.37 The variation 
may be related to the difference in educational status of the 
respondents, training on food hygiene and safety and/or 
hygienic and safety practices such as method of food preserva-
tion, quality of raw materials used, and hand washing facilities 
that contribute to the entry of various microorganisms.

The presence of fecal coliform in any food is not allowed for 
consumption.30 However, the current study found 47 (60.3%) 
of fruit juice samples contaminated with fecal coliform, which 
was lower than the finding of another study conducted in India 
that reported 77.3% of fruit juice samples contaminated with 
fecal coliforms.38 The difference may be related to the national 
food safety system, exposure of fruits to feces, poor hygiene 
practices, or quality of raw materials used for juice preparation 
and training in food hygiene and safety.

The current study found a statistically significant associa-
tion between bacterial count and training in food hygiene and 
safety (χ2 = 23.04; P value of <.001) that was in line with the 
finding of another study conducted in Ethiopia.39 Furthermore, 
the study found that the method of preservation and the fre-
quency of cleaning materials used to preserve the juice (P value 
of <.001) were associated with bacteriological contamination 
of juice samples that was consistent with the finding of another 
studies.39,40 Additionally, educational status of the respondents 
was associated (χ2 = 31.66; P value of <.001) with bacteriologi-
cal contamination of fruit juice samples that was consistent 
with the finding of another study conducted in Ethiopia.39

In general, the study found higher percentage of fresh 
fruit juice contaminated with bacterial species examined in 

Parameter Category Frequency 
(%)

χ2 test 
(Fisher 
exact test)

P-value

Types of waste receptacles Sacks 14 (53.8) 26.247 <.05*

Bin without cover 6 (23.1)  

Bin with cover 6 (23.1)  

Latrine Present 20 (76.9) 6.602  >.05

Absent 6 (23.1)  

Hand washing facilities attached to the 
toilet (n = 20)

Present 4 (20.0) 3.459 >.05

Absent 16 (80.0)  

The χ2 and P value indicated in the table was calculated based on the total viable bacterial count;
*Statistically significant (P value <.05).

Table 5. (Continued)
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this study. Therefore, it is suggested to provide food safety 
training,41 personal hygiene,42 temperature control (keeping 
below 40°F and pasteurization (heat treatment),43 prevent 
cross-contamination, and sanitation for facility and utensils 
to protect the health of the consumers and the public by 
improving the quality of fruit juice.

Limitations of the study

This study relied on self-reported data, which may lead to an 
overestimation of positive hygiene practices. However, juice 
preparation and hygiene practices were directly observed and 
recorded to minimize self-reported bias. Additionally, only 3 
towns were included in this study. We recommend a study with 
a larger sample size, including collection of samples over differ-
ent seasons of the year and locations.

Conclusions
In general, the study found that majority of the fruit juice 
samples were contaminated with one or more different bacte-
ria species higher than the maximum permitted level. The 
results of this study found that 85.9% of the juice samples had 
a total viable bacterial count, 64.1% had total coliform, 60.3% 
had fecal coliform, and 33.3% had Escherichia coli higher than 
the maximum permitted level. Similarly, some sociodemo-
graphic characteristics, and hygiene and safety conditions 
were significantly associated with bacteriological contamina-
tion of fruit juices. Therefore, the implementation of adequate 
hygiene and safety practices is very important to prevent the 
consumption of contaminated fruit juices, which leads to 
foodborne illness.

Acknowledgements
The authors are pleased to acknowledge the study participants 
participated in this work and Haramaya University Department 
of Environmental Health for their support throughout this 
study by providing all necessary materials and technical 
supports.

Author Contributions
DAM conceived the idea and collected the data and played a 
major role. The authors (DAM, NB, and TG) contributed to 
data analysis, writing, and editing the document. DAM, DM, 
YM, NB, and TG gave valuable ideas for the manuscript and 
revised the manuscript. All authors read and approved the final 
version of the manuscript. Finally, the authors read and 
approved the final version to be published and agreed on all 
aspects of this work.

Data Availability
Almost all data are included in this study. However, additional 
data will be available from the corresponding author upon rea-
sonable request.

Ethical Approval
Ethical approval for this study was obtained from the 
Institutional Health Research Ethics Review Committee 
(IHRERC) of the Faculty of Health and Medical Sciences of 
Haramaya University (Ref number: IHRERC/069/2020).

Informed Consent
Informed consent has been obtained from all individuals 
included in this study.

ORCID iD
Dechasa Adare Mengistu  https://orcid.org/0000-0002 
-0076-5586

References
	 1.	 Betts R. Microbial update. Int Food Hygiene. 2014;19:10-11.
	 2.	 Miles EA, Calder PC. Effects of citrus fruit juices and their bioactive compo-

nents on inflammation and immunity: a narrative review. Front Immunol. 
2021;12:712608.

	 3.	 Tomé-Carneiro J, Visioli F. Polyphenol-based nutraceuticals for the prevention 
and treatment of cardiovascular disease: review of human evidence. Phytomedi-
cine. 2016;23:1145-1174.

	 4.	 Mihiretie H, Desta K. Microbiological criteria and quality of fruits and fruit 
juices in Ethiopia and international experience. J Med Microbiol Diagn. 
2015;4:207.

	 5.	 Acham IO, Ahemen S, Ukeyima MT, Girgih AT. Tropical fruits: bioactive 
properties and health promoting benefits in chronic disease prevention and man-
agement. Asian Food Sci J. 2018;3:1-13.

	 6.	 Grobelna A, Kalisz S, Kieliszek M. The effect of the addition of blue honey-
suckle berry juice to apple juice on the selected quality characteristics, anthocy-
anin stability, and antioxidant properties. Biomolecules. 2019;9:744.

	 7.	 Grobelna A, Kalisz S, Kieliszek M. Effect of processing methods and storage 
time on the content of bioactive compounds in blue honeysuckle berry purees. 
Agronomy. 2019;9:860.

	 8.	 Kalisz S, Oszmiański J, Kolniak-Ostek J, Grobelna A, Kieliszek M, Cendrowski 
A. Effect of a variety of polyphenols compounds and antioxidant properties of 
rhubarb (Rheum rhabarbarum). LWT. 2020;118:108775.

	 9.	 Szutowska J, Rybicka I, Pawlak-Lemańska K, Gwiazdowska D. Spontaneously 
fermented curly kale juice: microbiological quality, nutritional composition, 
antioxidant, and antimicrobial properties. J Food Sci. 2020;85:1248-1255.

	10.	 Agwa OK, Ossai-Chidi LN, Ezeani CA. Microbial evaluation of orange fruit 
juice sold in Port Harcourt, Nigeria. Am J Food Sci Nutr Res. 2014;1:28-33.

	11.	 Abisso TG, Gugero BC, Fissuh YH. Physical quality and microbiological safety 
of some fruit juices served in cafes/juice houses: the case of Hossana town, south-
ern Ethiopia. J Nutr Food Sci. 2018;8:1-5.

	12.	 Noël H, Hofhuis A, De Jonge R, et al. Consumption of fresh fruit juice: how a 
healthy food practice caused a national outbreak of Salmonella Panama gastroen-
teritis. Foodborne Pathog Dis. 2010;7:375-381.

	13.	 Bello Olorunjuwon O, Bello Temitope K, Fashola Muibat O. Microbiological 
quality of some locally-produced fruit juices in Ogun state, south western Nige-
ria. E3 J Microbiol Res. 2014;2:001-008.

	14.	 Hernández-Anguiano AM, Landa-Salgado P, Eslava-Campos CA, Vargas-
Hernández M, Patel J. Microbiological quality of fresh nopal juice. Microorgan-
isms. 2016;4:46.

	15.	 Bulti KF, Melkam DL. Microbiological quality of fruit juices sold in cafes and 
restaurants of Shewarobit town, Amhara, Ethiopia. Afr J Microbiol Res. 
2018;12:623-628.

	16.	 Rahman MM, Azad MOK, Uddain J, et al. Microbial quality assessment and 
efficacy of low-cost disinfectants on fresh fruits and vegetables collected from 
urban areas of Dhaka, Bangladesh. Foods. 2021;10:1325.

	17.	 Aneja KR. Microbes associated with fruit juices sold in the retail market and 
their inactivation with plant antimicrobials.

	18.	 Callejón RM, Rodríguez-Naranjo MI, Ubeda C, Hornedo-Ortega R, Garcia-
Parrilla MC, Troncoso AM. Reported foodborne outbreaks due to fresh produce 
in the United States and European Union: trends and causes. Foodborne Pathog 
Dis. 2015;12:32-38.

	19.	 Verma A, Gaur S. Microbiological analysis of street vended sugarcane juice in 
Noida city, India. Int J Pharma Bio Sci. 2017;8:496-499.

https://orcid.org/0000-0002-0076-5586
https://orcid.org/0000-0002-0076-5586


10	 Environmental Health Insights ﻿

	20.	 Salomão BD. Pathogens and spoilage microorganisms in fruit juice: an overview. 
Fruit Juices. 2018;291-308. doi:10.1016/B978-0-12-802230-6.00016-3

	21.	 Kechero FK, Baye K, Tefera AT, Tessema TS. Bacteriological quality of com-
monly consumed fruit juices and vegetable salads sold in some fruit juice houses 
in Addis Ababa, Ethiopia. J Food Saf. 2019;39:e12563.

	22.	 WHO. WHO report: food safety. October 31, 2017. Accessed January 2020. 
http://www.who.int/news-room/fact-sheets/detail/food-safety

	23.	 Belina D, Hailu Y, Gobena T, Hald T, Njage PMK. Prevalence and epidemio-
logical distribution of selected foodborne pathogens in human and different 
environmental samples in Ethiopia: a systematic review and meta-analysis. One 
Health Outlook. 2021;3:19-30.

	24.	 International Standard Organization. ISO 6887-1:1999, Microbiology of food 
and animal feed items. Preparation of test samples, initial suspension and deci-
mal dilutions for microbiological examination – Part 1: General rules for initial 
suspension and decimal dilutions. ISO;1999.

	25.	 International Standard Organization. ISO 7218:2007; amend 2013(E); Micro-
biology of food and animal feeding stuffs—General requirements and guidance 
for microbiological examinations. ISO;2007.

	26.	 International Standard Organization. ISO 4833-1:2013 Mofc-Hmfeom, part 1: 
Colony count at 30°C by pour plate technique. ISO;2013.

	27.	 International Standard Organization. ISO 4831:2006(E): Microbiology of food 
and animal feed: horizontal method for the detection and enumeration of coli-
forms - most probable number technique. ISO;2006.

	28.	 FDA. Bacteriological Analytical Manual (BAM). Center for Food Safety and 
Applied Nutrition; 2001.

	29.	 International Standard Organization. ISO 7251:2005, Microbiology of food 
and animal feed, horizontal method for the detection and enumeration of 
presumptive Escherichia coli, and most probable number technique. ISO; 
2005.

	30.	 Gulf Standards. Microbiological criteria for food stuffs, Part I GCC, Riyadh, 
Saudia Arabia. 2000. Accessed February 12, 2018. https://micor.agriculture.
gov.au/Dairy/Documents/Pdfs/GSO_1016-2000_STD_Microbiological_
Criteria_for_Food_Stuffs-_Part_1.pdf

	31.	 Mahfuza I, Arzina H, Kamruzzaman MM, et al. Microbial status of street 
vended fresh-cut fruits, salad vegetables and juices in Dhaka city of Bangladesh. 
Int Food Res J. 2016;23:2258-2264.

	32.	 Tekliye M, Andargie T. Physico-Chemical and microbiological safety of fruit 
juices served in Bahir Dar city, northwest Ethiopia. Int Interdiscipl Res J. 
2016;1:45-56.

	33.	 Ogodo A, Ugbogu O, Ekeleme U, Nwachukwu N. Microbial quality of commer-
cially packed fruit juices in south-east Nigeria. J Basic Appl Res Biomed. 
2016;2:240-245.

	34.	 Leul A, Kibret M. Bacteriological safety of freshly squeezed mango and pineap-
ple juices served in juice houses of Bahir Dar town, northwest Ethiopia. Int J Sci 
Basic Appl Res. 2012;6:24-35.

	35.	 Yeboah-Man D, Kpeli G, Akyeh M, Bimi L. Bacteriological quality of ready-to-
eat foods sold on and around university of Ghana campus. Res J Microbiol. 
2010;5:130-136.

	36.	 Annor GA, Baiden EA. Evaluation of food hygiene knowledge attitudes and 
practices of food handlers in food businesses in Accra, Ghana. Food Nutr Sci. 
2011;2:830-836.

	37.	 Asghar U, Nadeem M, Nelofer R, Mazhar S, Syed Q , Irfan M. Microbiological 
assessment of fresh juices vended in different areas of Lahore city. Electron J Biol. 
2018;14:4.

	38.	 Reddi SL, Kumar RN, Balakrishna N, Rao VS. Microbiological quality of street 
vended fruit juices in Hyderabad, India and their association between food safety 
knowledge and practices of fruit juice vendors. Int J Curr Microbiol Appl Sci. 
2015;4:970-982.

	39.	 Shiferaw M, Kibret M. Microbial quality of avocado and guava fruits used for 
preparation of freshly squeezed juices from juice houses of Bahir Dar town, 
northwest Ethiopia. Int J Sci Res Publ. 2018;8:100-113.

	40.	 De Oliveira M, De Souza V, Bergamini A, De Martinis E. Microbiological 
quality of ready-to-eat minimally processed vegetables consumed in Brazil. Food 
Control. 2011;22:1400-1403.

	41.	 Kharroubi S, Nasser NA, El-Harakeh MD, Sulaiman AA, Kassem II. First nation-
wide analysis of food safety and acceptability data in Lebanon. Foods. 2020;9:1717.

	42.	 Gizaw Z. Public health risks related to food safety issues in the food market: a 
systematic literature review. Environ Health Prev Med. 2019;24:68.

	43.	 U.S. Food and Drug Administration. Eating outdoors: handling food safely. 
2017. Accessed February 12, 2018. https://www.fda.gov/media/79871/down-
load or https://www.fda.gov/food/buy-store-serve-safe-food/handling-food- 
safely-while-eating-outdoors

https://doi.org/10.1016/B978-0-12-802230-6.00016-3
http://www.who.int/news-room/fact-sheets/detail/food-safety
https://micor.agriculture.gov.au/Dairy/Documents/Pdfs/GSO_1016-2000_STD_Microbiological_Criteria_for_Food_Stuffs-_Part_1.pdf
https://micor.agriculture.gov.au/Dairy/Documents/Pdfs/GSO_1016-2000_STD_Microbiological_Criteria_for_Food_Stuffs-_Part_1.pdf
https://micor.agriculture.gov.au/Dairy/Documents/Pdfs/GSO_1016-2000_STD_Microbiological_Criteria_for_Food_Stuffs-_Part_1.pdf
https://www.fda.gov/media/79871/download
https://www.fda.gov/media/79871/download
https://www.fda.gov/media/79871/download

