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Abstract 

Background  Food borne diseases is a challenging problem nowadays. Salmonella and Shigella species are great 
concern of food-born outbreaks. Thus, this study was aimed to assess the prevalence, antimicrobial susceptibility test 
and associated factors of Salmonella and Shigella species in fruit juices and salads.

Methods  A community based cross sectional study design was carried out on 50 juice houses from December 
to March 2020 in Mekelle. One hundred fifty samples were collected aseptically from the juice houses for laboratory 
analysis. Information related to risk factors was obtained using a structured questionnaire. In the laboratory, samples 
were homogenized using peptone water and incubated overnight for enrichment. Then, Salmonella and Shigella spe-
cies were isolated on Salmonella-Shigella agar and Xylose Lysine Deoxycholate agar. Disc diffusion method was used 
to perform antimicrobial susceptibility test. Using SPSS (version 22) package, descriptive statistics and Chi square test 
(χ2) were used to analyze the data, and p < 0.05 was considered as statistically significant.

Result  The overall prevalence of Salmonella and Shigella species was 41/150 (27.33%; 95% CI: 20.20 – 34.46) with 33 
(22%) Salmonella spp. and 8(5.33%) Shigella spp. Antimicrobial susceptibility tests of both Salmonella and Shigella spp.
showed high resistance against ampicillin (100%), tetracycline (63.6 and 62.5%, respectively) and amoxicillin-clavulanic 
acid (100%). Accessibility of fruits to flies and dust had statistical association (p = 0.021) with occurrence of Salmo-
nell a and/or Shigella spp.

Conclusion  The overall prevalence of Salmonella and Shigella spp. was found to be significant. The resistant rate 
of isolates against ampicillin, tetracycline and amoxicillin-clavulanic acid was high. Storage sites for fruits should be 
inaccessible to flies and dust. Therefore, routine monitoring of juice houses should be promoted and regular evalua-
tion of bacterial resistance pattern should be done for selective antimicrobial therapy. Furthermore, consistent train-
ing of juice makers on food safety and hygiene should be implemented by the concerned body.
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Background
Nowadays, consumption of fruits and vegetables is 
increasing worldwide [1]. In developing countries, espe-
cially in large cities,a great number of people  consume 
freshly squeezed fruit juices and salads [2]. Fruit juices 
are viscous liquids produced mostly from same or dif-
ferent edible fruits [3]. They are nutritious foods with 
favorable flavor and health benefits [4]. Consumption 
of freshly squeezed fruit juices provides great health 
benefits to humans. They are good sources of minerals, 
fiber,vitamins, and other substances [5].They provide 
essential antioxidants that are important in diabetes, 
cancer and heart diseases prevention. They also provide 
important nutrients that help for growing of acid tolerant 
bacteria [6].

Salad is a term used to refer to many food prepara-
tions of chopped or sliced mixtures, mainly vegetables or 
fruits [7].Salads are nutritious foods for human. They are 
highly important protective foods that are beneficial for 
the maintenance of health and the protection of diseases. 
They also contain valuable nutrients that are essential for 
the proper function of the body. Vegetables contain vari-
ous medicinal and therapeutic agents used for the treat-
ment of different diseases. They are also good sources of 
vitamins, minerals and other nutrients [8].

In spite of all the above advantages, food related infec-
tions  are  challenging problem due to climate change, 
food market globalization, and shifting human’sbehavior 
for  consumption of fresh foods [9]. some researchers 
state that salads and fruit juices have been associated with 
outbreaks of food-borne diseases [10, 11].These foods are 
exposed to bacterial contamination from dust, soil, water, 
handling during harvesting  and  processing. Food-borne 
infections affecting the gastro-intestinal tract are mainly 
transmitted via the consumption of foods or drinks that 
are exposed to pathogenic microorganisms. The major-
ity of microorganisms that are transmitted through food 
items are gram negative bacteria [12], of which Salmo-
nella and Shigella spp. are great concern of food-borne-
pidemics [9].

Shigellosis and salmonellosis are highly infectious dis-
eases of worldwide significance. Salmonellosis causes 
remarkable losses to society in most of the countries 
around the world [13].Globally, overa billion of diar-
rhealdiseases occur owing to salmonellosis  yearly, 
resulting  in deaths of 3 million. Moreover,indeveloping 
countries Shigella spp. causes more than 200 million cases 
and 650,000 deaths annually primarily among children 
and young adults [14]. Antimicrobial resistant bacteria/
gene can contaminate foods in many ways. Antimicrobial 
resistant bacteria may be found in the soil, in the water 
and in human or animal fecal matter. Plant products may 
also be contaminated with antimicrobial resistant bacteria 

during production following the use of irrigation water 
contaminated with human and animal feces. Food borne 
drug resistant Salmonella spp. and shigella spp. are among 
the common pathogen for human health. The emerging 
resistance of these food borne pathogens results in rising 
in the number of in and out patient hospitalization and 
mortality rate [15].

As a developing country, Ethiopia is continually suf-
fering from Salmonellosis and shigellosis [16].Moreo-
ver, drug resistance of Salmonella and Shigella species 
were reported to be increasing in Ethiopia. However, the 
source from which these infections are acquired is not 
extensively studied [17, 18].The consumption of fresh 
foods in Ethiopia is currently increasing [18].But infor-
mation on the safety and quality of these foods prepared 
and consumed in Ethiopia is scanty and only a limited 
number of published documents exist. Particularly in 
Mekelle, there is no documented  data  in microbiologi-
cal safety of most commonly consumed fruit juices (par-
ticularly mango juice and avocado juice) and salads. 
Therefore, this research was conducted to determine the 
prevalence, antimicrobial susceptibility  test  and associ-
ated factors of Salmonella and Shigella species in salads 
and fruit juices in Mekelle, Ethiopia.

Materials and methods
Study design, period and area
A community based cross sectional study design  was 
done from December to March 2020 in randomly 
selected juice houses  in Mekelle City, Ethiopia. Mekelle 
is the capital city of Tigray Regional State and is found 
at a distance of 783 km from Addis Ababa. It is located 
between 39029′East longitude and 13030′North latitude, 
with an elevation of 2084 m above sea level. The climatic 
conditions of Mekelle City conform to those of highlands 
[19].

Mekelle has a total of seven sub-cities, namely: 
Kedamay  Weyane, Hawelti, Quiha, Hadnet, Semen, Adi 
Haki, and Ayder. Currently, the city has approximately 
596 juice houses (191 in Kedamay Weyane, 81 in Hawelti, 
12 in Quiha, 96 in Hadnet, 82 in Semen, 84 in Adihaki 
and 50 in Ayder [20].

Sample size calculation
The sample size was determined using the following 
formula

Prevalence of Salmonella spp. and Shigella Spp in 
food was taken as 9.1% from Ethiopia, Hawasa which was 
done by  Eromo T.et al. [18].  Then with margin of error 

n =
Z2α/2P(1− P)

d2
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(5%), (d = 0.05) and 95% level of confidence (z = 1.96) the 
sample size was calculated as follows:

–	 n- Sample size
–	 P- Prevalence rate of Salmonella Spp. and Shigella 

Spp. from food (9.1%)
–	 Z- Confidence interval; by using 95% =1.96.
–	 D- is the margin of error, here we use margin of error 

0.05.

Therefore, a total of 150  samples from the seven sub-
cities was taken.

Sampling technique
According to the guidelines for sampling food microbi-
ology [21], 50 juice houses were selected using clustered 
random sampling techniques from the seven sub cities 
and a total of 150 representative sample units (ready-to-
eat avocado juices, mango juices, and salads) were taken 
from these juice houses. The number of juice houses to 
be sampled was allocated to each sub-city proportionally 
according to the number of juice houses using the pro-
portionate allocation formula. Finally, three representa-
tive samples (avocado juice, mango juice, and salads) 
were taken from each randomly selected juice house.

Data and sample collection, handling, transportation 
and processing
Structured questionnaire, direct interview and obser-
vation were used to obtain information such associo-
demographic characteristic, hygienic status, sources and 
storage of fruits and vegetables from juice makers related 
to risk factors that may jeopardize the bacteriological 
quality and safety of the foods. Then, fresh  ready-to-
eat avocado juice, mango juice, and salad samples were 
purchased and collected in sterile containers  directly 
from  preparation rooms in the juice houses. Samples 
were labeled and placed into an icebox to maintain fresh-
ness and transported within 1-2 hours to the laboratory 
of Medical microbiology, College of Health Science, 
Mekelle University. From each collected juice sample, 
25 g were homogenized in 225 ml of buffered peptone 
water and shaken vigorously. In the same way physiologi-
cal saline was added to the collected salad samples and 
were shaken to dislodge adhered bacteria, 25 g of the 
shaken samples were transferred to 225 ml of buffered 
peptone water and properly mixed. All the homogenized 

n =
(1.96)2∗0.091 (1-0.091)

(0.05)2
= 127plus contingency 18%so, 127+ 23 = 150

samples were incubated at 37 °C for 24 hours for enrich-
ment. After 24 hours of incubation, the enriched samples 
were used for the isolation of Salmonella and Shigella, 
and for serial dilutions to determine fecal coliforms [21].

Microbiological analysis
Fecal coliform count
A three-tube most probable number (MPN) method 
was used to determine fecal coliforms. From the 
enriched samples, 1 ml was transferred into three test 
tubes containing double strength MacConkey broth 

(Oxiod, Hampshier, UK) and an inverted Durham’s tube. 
Then, from these test tubes, 1 ml of aliquot was asep-
tically  transferred into a series of another 3 test tubes 
containing double strength MacConkey broth (Oxiod, 
Hampshier, UK) and Durham’s tubes. This continued up 
to three dilution series. Test tubes were shaken  gently 
and incubated at 44.5 °C for 24 hours in water bath, and 
the then lactose fermentation and  gas  production were 
considered as a positive. To  confirm the presence of E. 
coli, streaking on eosin methylene blue (EMB) (Oxiod, 
Hampshier, UK) plates and additional biochemical tests 
were performed. Finally, three tube MPN table was used 
to estimate bacterial loads [21].

Cultivation and identification of Salmonella and Shigella
After 24 hours of enrichment, samples were streaked on 
Salmonella Shigella Agar (Oxiod, Hampshier, UK) and 
Xylone Lysine Deoxycholate Agar (Oxiod, Hampshier, 
UK) and incubated at 37 °C overnight. After the over-
night incubation,the presences of discrete colonies were 
screened. Then suspected colonies were subcultured 
on  MacConkey Agar (Oxiod, Hampshier, UK) to get a 
pure colony. Finally, a single colony of bacterial isolates 
was taken for further identification by colony char-
acteristics, Gram’s stain, and biochemical tests (H2S 
production,motility, carbohydrate fermentation, citrate 
utilization, gas production, indole production, and urease 
tests) using standard procedures [22].

Antimicrobial susceptibility test
Modified Kirby-Bauer disc diffusion method was used 
perform antimicrobial susceptibility test according to 
Clinical and Laboratory Standards Institute (CLSI) 
guidelines [22,  23]. Antibioticslike ampicillin (AMP; 
10 μg), amoxicillin/clavulanic acid (AMC; 20/10 μg), cef-
triaxone (CTR; 30 μg), chloramphenicol (C; 30 μg), co-
trimozaxole (COT; 25/125 μg), gentamicin (GEN; 10 μg), 
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nalidixic acid (NA; 30 μg), ciprofloxacin (CIP; 5 μg) and 
tetracycline (TE; 30 μg) were used. These antibiotics were 
selected based on their frequent prescription and avail-
ability in the study area. According to the standardized 
table supplied by CLSI, isolates were classified as resist-
ant, intermediate, and sensitive [23].

Quality control
The legibility of the filled-out questionnaire was con-
firmed immediately. Samples were aseptically  collected 
from the selected sites  in sterile containers. They were 
labeled and placed in an icebox to maintain freshness 
and transported within 1-2 hours to laboratory of Medi-
cal Microbiology. Laboratory analysis was done using 
standard operating procedures (SOP) [22]. Culture media 
were tested for sterility and performance by incubating 
5% of the batch [24]. Moreover, reagents were checked 
for expiry dates and proper functioning. During culture 
and antimicrobial susceptibility testing,  standard refer-
ence strains of S. enterica (ATCC-29934) and S. sonnei 
(ATCC-25931) were used [22].

Data processing and analysis
The collected questionnaires were checked for com-
pleteness and data analysiswere performed using Statis-
tical Package for Social Sciences (SPSS) version 22 after 
the data cleaned and entered into a computer. Descrip-
tive statistics of different variables were calculated and 
presented in the form of texts, tables and graph. Chi 
square test (χ2) was also done to examine the association 
between the dependent (prevalence of bacterial isolates) 
and independent variables (age, gender, educational sta-
tus, training, storage sites, accessibility of vegetables to 
flies and dust, sources of fruits and vegetables, washing of 
fruits and vegetables, washing of equipment, awareness 
to microorganism, governmental sanitary regulation, 
and waste and garbage disposal), and a p-value ≤0.05 was 
considered as statistically significant.

Results
Socio‑demographic characteristics of juice makers 
and other related data
Fifty juice makers were participated in this study. All par-
ticipants were female. Three-fourth  of them were  aged 
less than 35 years. Majority (62%) of the respondents had 
educational status of high school and above. Only 1/4th 
of the juice makers were trained about food processing, 
hygiene and safety. During work,74% of the juice mak-
ers uses  an apron. Respondents (100%) described that 
fruits and vegetables were brought from the open market 
retailers routinely. Most of the participants use shelves as 
temporary storage sites of fruits and baskets for storing 
vegetables (Table 1).

Prevalence of Salmonella spp., Shigella spp. and Fecal 
coliforms loads among food items
Fecal coliform counts> 100 MPN/25g were shown in 90% 
of avocado juices, 74% of mango juices and 78% of salads 
(Fig.  1). Further biochemical tests indicated that all the 
fecal coliforms were detected to be E.coli.

Prevalence of Salmonella and Shigella among sub‑cities
Out of 50 juice houses examined, 27 (54%) had salmo-
nella and/or shigella  contamination. The majority of 
the positive juice houses were from: Kedamay woyane 
(18%), Adi-haki (10%), Hawelti (8%) and Hadnet (8%). 
Three juice houses had Salmonella and/or Shigella 
spp. contamination in all the three examined foods 
samples (avocado, mango and salads); 8 juice houses 
had contamination bacteria in two of the examined 
food samples; where as 16 juice houses had contamina-
tion of these bacteria in one of the samples examined 
(Table 2).

Out of 150 examined samples taken from 50 juice 
houses, 33 (22%) salmonella and 8 (5.33%) shigella were 
detected with an over all prevalence of 41 (27.33%; 95% 
CI: 20.20 – 34.46). Salmonella was dominant 17(34%) 
in salad, where  as Shigella was slightly higher (10%) in 
mango juice. The occurrence of salmonella and shigella 
was higher in salads 19 (38%) followed by avocado juice 
13 (26%) (Table 2).

Antimicrobial susceptibility patterns
In this study, Salmonella and Shigella isolates (100%) 
were resistant against  amoxacillin-clavulinic acidand 
ampicillin, where  as gentamicin,ceftriaxone, ciprofloxa-
cin, and chloramphenicol were potent for the isolates. 
Moreover, the resistance rates of the isolates against tet-
racycline were 78.78 and 75% respectively (Table 3).

Multidrug resistance profile of isolates
Out of the 33 salmonella isolated, only 1 (3.0%) which 
was isolated from salad showed multidrug resistance, but 
none of the shigella species showed multidrug resistance 
(Table 4).

Factors associated with the prevalence of Salmonella 
and Shigella
In  the Chi square test (χ2),  accessibility of fruits to flies 
(P = 0.021) was statistically associated  to the occurrence 
of salmonella species and/or shigella species (Table 5).

Discussion
The prevalence of Salmonella spp. (22%) the study was 
slightly similar with previously done studies in: Ethio-
pia, Bahir-Dar (20%) [25] and India (19.04%) [26], but 
higher than other reported findings in: Ethiopia, Hawassa 
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Table 1  Demographic Characteristics of Juice Makers (n = 50) and other Related Data on Juice Houses of Mekelle City, Northern 
Ethiopia (December-March 2020)

Variables Response Frequency %

Age Below 35 years 35 and above years 37
13

74
26

Gender Female
Male

50
0

100
0

Education Status of Juice Makers Non-formal education
Elementary
High school and above

4
15
31

8
30
62

Training on Food Hygiene and Safety Yes No 13
37

26
74

Temporary Storage Sites of Fruits Shelf
Basket
Refrigerator

39
8
3

78
16
6

Temporary Storage Sites of Vegetables Basket
Refrigerator

36
14

72
28

Accessibility of Fruits to Flies and Dust Yes
No

38
12

76
24

Accessibility of Vegetables to Flies and dust Yes
No

0
50

0
100

Use of Hair Restraint
During Work

Yes
No

29
21

58
42

Use of Apron During Work Yes No 37
13

74
26

Washing of Equipments/ Utensils -Water only
-Water and soap
-Water, soap, bleaching agents

5
26
19

10
52
38

Washing of Fruits and Vegetables Yes
No

50
0

100
0

Source of Fruits and Vegetables Directly from producers
Open Market

0
50

0
100

Awareness that Microorganisms can Contaminate Juices 
and Salads

Yes
No

41
9

82
18

Sanitary Regulation from Government Yes No 50
0

100
0

Waste and Garbage Disposal On the side of juice house
Taken to remote waste disposal area

0
50

0
100

Fig. 1  Prevalence of Salmonella spp., Shigella spp., and Fecal Coliforms Loads (MPN/25 g) in Food items
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(9.1%) [18] and Addis Ababa (10%) [27]; India (14.3%) 
[28]; Bangladesh (0.37%) [13]. However, our result was 
lower than earlier conducted studies in: Ethiopia, Bahir-
Dar (57.5%) [29]; and India (36.55%) [2] and (33.8%) 
[30]. Moreover, a prevalence of 5.33% Shigella spp. was 
reported in the current study. This agrees with previ-
ous result in India (7.52%) [2].  But lower than the find-
ings conducted in: Ethiopia, Addis Ababa (30%) [27]; 
and India (17.14%) [30].The possible explanation for this 
observable differences in the prevalence of these bacteria 
might be due to difference in hygienic practice [31]. Poor 
handling could also be a contributing factor to the vari-
ations in the bacteriological  load [32].  Furthermore, the 
sources and storage period of the fruits and vegetables 
[33],  seasonal variation [11]; and diversity of the patho-
gen in the environments might influence the results [18]. 
Transportation and storage, manipulation of temperature 
and storage period could also contribute to the multipli-
cation of bacteria [33].

Salads and fruit juices are usually eaten raw or blended 
with other ingredients without heat treatment [34]. Fresh 
foods must be void from Salmonella and Shigella spp. 
[35].  It is unacceptable for consumption if Salmonella 
and Shigella spp. are present in 25 g of foods [36]. There-
fore, contracting Salmonella and Shigella spp. in these 
food items is more vibrant [34]. Our study revealed that 
38% of salad samples, 26% of avocado juice and 18% 
mango juice were found to be potentially hazardous to 
consumers, and needs serious public health concern. 
Potential  high risk people are those  individuals with 
waning immunity like immune-compromised, pregnant, 
young, and old aged [13].

The presence of high levels of fecal coliform indicates 
direct or indirect contamination from human and/or ani-
mal fecal origin. For ready-to-eat fresh salads and fruit 
juices, the maximum level of fecal coliforms permitted 
is 100MPN/25 g [35]. In the current study, 45 (90%) avo-
cado juices, 37 (74%) mango juices and 39 (78%) salads 
had fecal coliform count > 100 MPN/25 g. Overall 121 
(80.67%) of the examined food items were unsatisfac-
tory for consumption. All salmonella and shigella iso-
lates of this study were from the samples that had high 
fecal coliform count (> 100MPN/25 g). This suggests that 
these pathogens may originate directly or indirectly from 
human and/or animal (for Salmonella spp.) feces as a 
result of poor hygienic practice. Though occurrence of 
high number of fecal coliforms is not always associated 
with presence of pathogens, it may reflect poor hygienic 
quality of the foods and an increased likelihood pres-
ence of the pathogens. This contamination might be due 
to preparation of foods in unhygienic environment, and 
improper food handling [37].

In this study, Salmonella isolates showed  100% resist-
ancerate against ampicillin. This was inline with the 

Table 2  Prevalence of Salmonella  and Shigella spp.in Juice 
Houses in Different Sub-Cities of Mekelle,Northern Ethiopia 
(December-March 2020)

Sampling Site Juice Houses 
Examined

Salmonella and/or 
Shigella Isolates

Yes n (%) No n (%)

Kedamay Woyane 16 9 (18) 7 (14)

Hawelti 7 4 (8) 3 (6)

Hadnet 8 4 (8) 4 (8)

Semen 7 3 (6) 4 (8)

Adihaki 7 5 (10) 2 (4)

Ayder 4 2 (4) 2 (4)

Kuiha 1 0 (0) 1 (2)

Total 50 27 (54%) 23 (46%)

Table 3  Antimicrobial Susceptibility Patterns of Salmonella spp. (n = 33) and Shigella spp. (n = 8) in Avocado Juice, Mango Juice and 
Salads in Mekelle, Northern Ethiopia (December-March 2020)

R Resistant,  I  Intermediate, S Sensitive

Antimicrobials Bacteria isolates

Salmonella spp. (N = 33) n (%) Shigella spp. (N = 8) n (%)

R I S R I S

Ciprofloxacin (5 μg) 0 (0.0) 0 (0.0) 33 (100) 0 (0.0) 0 (0.0) 8 (100)

Ceftriaxone (30 μg) 0 (0.0) 6 (18.2) 27 (81.8) 0 (0.0) 1 (12.5) 7 (87.5)

Gentamicin (10 μg) 0 (0.0) 1 (3.0) 32 (97.0) 0 (0.0) 0 (0.0) 8 (100)

Cotrimoxazole (25 μg) 2 (6.1) 1 (3.0) 30 (90.9) 0 (0.0) 2 (25.0) 6 (75.0)

Amox-clavul acid (30 μg) 33 (100) 0 (0.0) 0 (0.0) 8 (100) 0 (0.0) 0 (0.0)

Ampicillin (10 μg) 33 (100) 0 (0.0) 0 (0.0) 8 (100) 0 (0.0) 0 (0.0)

Nalidixic acid (30 μg) 6 (18.0) 10 (30.3) 17 (51.5) 0 (0.0) 3 (37.5) 5 (62.5)

Chloramphenicol (30 μg) 1 (3.0) 2 (6.1) 30 (90.9) 0 (0.0) 1 (12.5) 7 (87.5)

Tetracycline (25 μg) 21 (63.6) 5 (15.2) 7 (21.2) 5 (62.5) 1 (12.5) 2 (25.0)
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studies done in Ethiopia (100%) [38] and Malaysia (100%) 
[1]. Moreover, high resistance rate of Salmonella species 
(78.8%) against tetracycline in this finding was consist-
ent with the former result reportedin Ethiopia, Jimma 
(100%) [39]. This high tetracycline resistant isolates may 
be due to the fact that this drug is one of the widely used 
for the treatment of infection in human as well as in 
livestock production [1]. The relative high rate of resist-
ance against tetracycline, amoxicillin-clavulanic acid and 
ampicillinin this study indicates these agents are highly 
used in the environment [40]. An increase in the preva-
lence of bacterial strains resistant to antibiotic might be 
due to frequent use of antimicrobial in different fields 
[41]. Such high resistance properties against the com-
monly prescribed drugs may render these pathogens 
responsible for  strict  public health problems because of 
ineffective treatment of the sufferers [42].

This study also showed  that antimicrobials like: cipro-
floxacin (100%), ceftriaxone (81.8%), gentamicin (97%), 
co-trimoxazole  and chloramphenicol (90.9% each) 
were  effective against most salmonella and shigella iso-
lates. Several previously conducted studies had similar 
result, such those in: Ethiopia [18, 29] and India [28], Thai-
land [43], Malaysia [1] and Pakistan [44] had comparable 
results. Low resistance of these bacteria against chloram-
phenicol in this study was also supported by a findings 
reported in Malaysia [45] which suggested that the low 
resistance rate of this drug was because of its restricted use 
in certain countries fearing its serious side effects [45].

In the current study, only 3.0% of the salmonella iso-
lates were MDR, but none of the Shigella isolates were 
MDR, which was incomparable with the previous finding 
(12%) in South Africa [46].

Among the factors assessed in this study, accessibility of 
fruits to flies and dust was statistically significant with the 
occurrence of Salmonella species and Shigella species in 
the juice houses. This is in agreement with an earlier find-
ing inEthiopia; Addis Ababa [47]. The reason may be due 
to the fact that flies and dust may carry microorganisms 
from the environment and contaminate foods [27].

Conclusion
In the present study, the overall prevalence of Sal-
monella  and  Shigella  was found to be high. The high 
prevalence of isolates in this study revealed that poten-
tial hazard of fresh salads and  fruit juices, and serious 
public health concern in the study area. These bacteria 
were highly resistant against ampicillin, tetracycline 
and  amoxicillin-clavulanic acid. Where  as  ciprofloxa-
cin, ceftriaxon, gentamicin, cotrimoxazole, and chol-
ramphenicole were effective antibiotics. Accessibility of 

Table 4  Multidrug Resistance Patterns of Salmonella and 
Shigella Isolates in Ready-to-Eat Avocado Juice, Mango Juice,and 
Salads in Mekelle City, North Ethiopia (December-March 2020)

a Multi-drug resistant: non-susceptible to ≥ 1 agent in ≥ 3 antimicrobial 
categories

Bacteria isolates Number of isolates MDRa 
isolates, N 
(%)

Salmonella spp. 33 1 (3.0)

Shigella spp. 8 0 (0.0)

Total 41 1 (2.4)

Table 5  Factors Associated with  the Prevalence of Salmonella 
and/or Shigella Isolates in Avocado Juice, Mango Juice and 
Salads in Mekelle city, Northern Ethiopia (December-March 2020)

a  Statistically significant with the occurrence of Salmonella and/or Shigella 
Isolates

Variables Bacteria 
Occurrence

P-Value

Yes No

Age Below 35 years 21 16 0.191

35 and above 6 7

Educational Status

Non-formal education 2 2 0.392

  Elementary 7 8

  High school and above 18 13

Awareness to Micro-organisms 0.525

  Yes 22 19

  No 5 4

Training on Food Safety and Hygiene

  Yes 3 10 0.990

  No 24 13

Storage Sites of Fruits

  Shelf 25 14 0.884

  Basket 2 6

  Refrigerator 1 2

Storage Sites of Vegetables

  Basket 23 13 0.781

  Refrigerator 4 10

Accessibility of Fruits to Flies and Dust 0.021a

  Yes 24 14

  No 3 9

Use of Hair Restraints 0.845

  Yes 13 16

  No 14 7

Use of Apron During Work 0.191

  Yes 18 19

  No 9 4

Washing of Equipments 0.759

  Water only 3 2

  Water and soap 15 11

  Water, soap, bleaching 9 10
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fruits to flies and dust was statistically associated with 
the occurrence of Salmonella  and Shigella. Therefore, 
routine monitoring of juice houses should be promoted 
and regular evaluation of bacterial resistance pattern 
should be done for selective antimicrobial therapy. Fur-
thermore, consistent  training of juice makers on food 
safety and hygiene should be implemented by the con-
cerned body.

Abbreviations
ATCC​	� American Type Culture Collection
BGI Ethiopia	� Brasseries et Glaciers Internationals
CLSI	� Clinical and Laboratory Standards Institute
CSA	� Central Statistics Authority
EMB	� Eosin Methylene Blue
FCC	� Fecal Coliform Count
FDA	� Food and Drug Administration
HE	� Hekton Enteric Agar
MPN	� Most Probable Number
SOP	� Standard Operating Procedures
SPSS	� Statistical Package for Social Science
TSI	� Triple Sugar Iron Agar
UK	� United Kingdom
WHO	� World Health Organization

Acknowledgements
We appreciate to Mekelle University College of Health Science and Compre-
hensive Specialized Hospital laboratory personnel. We are also thankful to the 
study participants for their contribution to this study.

Authors’ Contributions
T.B. was the principal investigator who contributed to the designing of the 
study, collected, entered, analyzed, and interpreted the data. Both T.B. and G.G. 
developed manuscript. A.K. and Y.W. contributed to data analysis, interpreta-
tion and drafting of the manuscript. A.G. and T.A. did analysis and interpreta-
tion of data; supervision and participated in the critical reviewing of drafted 
manuscript. All authors read and agreed the final manuscript.

Funding
This study was funded by BGI Ethiopia (Brasseries et Glaciers Internationals). 
The funding organization had no role in the designing of the study, collection 
of data, participant’s recruitment, data analysis and interpretation, and manu-
script development.

Availability of Data and Materials
The data sets used and analyzed in this study are available from the principal 
author on reasonable request.

Declarations

Ethical approval
Ethical approval obtained sought from Mekelle University, College of Health 
Science, Health Research Ethics Review Committee (HRERC) and was granted 
accordingly with the reference number (ERC1342/2020). Written letter was 
obtained from the Tigray Regional Health Bureau (consent reference number 
TRHB/RCSH 167/1523/2020).

Consent of Participants
Participants (juice makers) were informed the significance of the study and 
written informed consent was obtained from each study participant. Any 
unwilling participant was excluded from the study.

Consent for Publication
Individual data such as images and videos did not accompany this particular 
manuscript and consent for publication is not applicable.

Competing Interests
The authors declare no competing interests.

Author details
1 Department of Medical Laboratory Science, College of Health Science 
and Comprehensive Specialized Hospital, Aksum University, Axum, Tigray, 
Ethiopia. 2 Department of Medical Microbiology and Immunology, College 
of Health Science and Comprehensive Specialized Hospital, Mekelle University, 
Mekelle, Tigray, Ethiopia. 

Received: 27 September 2023   Accepted: 28 January 2024

References
	1.	 Najwa M, Rukayadi Y, Ubong A, et al. Quantification and antibiotic 

susceptibility of Salmonella spp., Salmonella Enteritidis and Salmonella 
Typhimurium in raw vegetables (ulam). Int Food Res J. 2015;22(5)

	2.	 Gundappa M, Gaddad M. Prevalence of enteric pathogens in the fruits of 
super markets in Kalaburagi region, Karnataka, India. Int J Agric Food Sci. 
2016;6(1):1–5.

	3.	 Fraternale D, Ricci D, Flamini G, Giomaro G. Volatiles profile of red apple 
from Marche region (Italy). Records of Natural Products. 2011;5(3):202.

	4.	 Suaads A, Hamed EA. Microbial growth and chemical analysis of bot-
tled fruit juices and drinks in Riyadh, Saudi Arabia. Res J Microbiol. 
2008;3:315–25.

	5.	 Alothman M, Bhat R, Karim A. Effects of radiation processing on phyto-
chemicals and antioxidants in plant produce. Trends Food Sci Technol. 
2009;20(5):201–12.

	6.	 Aneja KR, Dhiman R, Aggarwal NK, Kumar V, Kaur M. Microbes associ-
ated with freshly prepared juices of citrus and carrots. Int J Food Sci 
2014;2014.

	7.	 Uzeh R, Alade F, Bankole M. The microbial quality of pre-packed mixed 
vegetable salad in some retail outlets in Lagos, Nigeria. Afr J Food Sci. 
2009;3(9):270–2.

	8.	 Kaur PRN. Bacteriological analysis of fresh vegetables from main market 
of Dehradun. International Journal of Pharmaceutical Tech Research. 
2015;8(3):415–25.

	9.	 Schelin J, Wallin-Carlquist N, Thorup Cohn M, Lindqvist R, Barker GC. The 
formation of Staphylococcus aureus enterotoxin in food environments 
and advances in risk assessment. Virulence. 2011;2(6):580–92.

	10.	 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.

	11.	 Rahman F, Noor R. Prevalence of pathogenic bacteria in common 
salad vegetables of Dhaka Metropolis. Bangladesh Journal of Botany. 
2012;41(2):159–62.

	12.	 Nipa MN, Mazumdar RM, Hasan MM, et al. Prevalence of multi drug resist-
ant bacteria on raw salad vegetables sold in major markets of Chittagong 
city, Bangladesh. Middle-East J Sci Res. 2011;10(1):70–7.

	13.	 Nesa M, Khan M, Alam M. Isolation, identification and characterization of 
salmonella serovars from diarrhoeic stool samples of human. Bangladesh 
Journal of Veterinary Medicine. 2011;9(1):85–93.

	14.	 Coburn B, Grassl GA, Finlay B. Salmonella, the host and disease: a brief 
review. Immunol Cell Biol. 2007;85(2):112–8.

	15.	 Verraes C, Boxstael SV, Meervenne EV, Coillie EV, Butaye P, Catry B. Anti-
microbial resistance in the food chain: a review. Int J Environ Res Public 
Health. 2013;10:2643–69. https://​doi.​org/​10.​3390/​ijerp​h1007​2643.

	16.	 Tiruneh M. Serodiversity and antimicrobial resistance pattern of Shigella 
isolates at Gondar University teaching hospital, Northwest Ethiopia. Jpn J 
Infect Dis. 2009;62(2):93–7.

	17.	 Mamuye Y, Metaferia G, Birhanu A, Desta K, Fantaw S. Isolation and 
antibiotic susceptibility patterns of Shigella and Salmonella among under 
5 children with acute diarrhoea: a cross-sectional study at selected public 
health facilities in Addis Ababa. Ethiopia: Clinical Microbiology: Open 
Access; 2015.

	18.	 Eromo T, Tassew H, Daka D, Kibru G. Bacteriological quality of street foods 
and antimicrobial resistance of isolates in Hawassa, Ethiopia. Ethiop J 
Health Sci. 2016;26(6):533–42.

	19.	 Central Statistics Agency of Ethiopia. 2007.

https://doi.org/10.3390/ijerph10072643


Page 9 of 9Berihu et al. BMC Infectious Diseases          (2024) 24:191 	

	20.	 Data from the office of micro enterprise in Mekelle. In: enterprise oosam, 
ed 2020.

	21.	 Edith IN, Ochubiojo EM. Food quality control: history, present and future. 
IntechOpen; 2012.

	22.	 Bruno L. Standard operating procedures bacteriology. J Chem Inf Model. 
2019;53(9):1689–99.

	23.	 Weinstein M, Patel J, Bobenchik A. Clinical and laboratory standards 
institute. Performance standards for antimicrobial susceptibility testing M. 
2018;100:148–9.

	24.	 Demilie T, Beyene G, Melaku S, Tsegaye W. Urinary bacterial profile and 
antibiotic susceptibility pattern among pregnant women in north West 
Ethiopia. Ethiop J Health Sci. 2012;22(2)

	25.	 Leul A, Kibret M. Bacteriological safety of freshly squeezed mango and 
pineapple juices served in juice houses of Bahir Dar town, Northwest 
Ethiopia. Int J Sci Basic Appl Res. 2012;6:24–35.

	26.	 Sharma PU. Bacteriological analysis of street vended fruit juices available 
in Vidarbha. Int J Curr Microbiol App Sci. 2013;2(5):178–83.

	27.	 Guchi B, Ashenafi M. Microbial load, prevalence and antibiograms of 
Salmonella and Shigella in lettuce and green peppers. Ethiop J Health Sci. 
2010;20(1)

	28.	 Lewis JE, Thompson P, Rao B, Kalavati C, Rajanna B. Human bacteria in 
street vended fruit juices: a case study of Visakhapatnam city, India. 
Internet Journal of Food Safety. 2006;8(1):35–8.

	29.	 Kibret M, Tadesse M. The bacteriological safety and antimicrobial suscep-
tibility of bacteria isolated from street-vended white lupin (Lupinus albus) 
in Bahir Dar, Ethiopia. Ethiop J Health Sci. 2013;23(1):19–26.

	30.	 Tambekar D, Mundhada R. Bacteriological quality of salad vegetables sold 
in Amravati City (India). J Biol Sci. 2006;6(1):28–30.

	31.	 Adimasu A, Mekonnen B, Guadu T, Gizaw Z, Adane T. Bacteriological 
quality assessment of selected street foods and their public health 
importance in Gondar Town. North West Ethiopia; 2016.

	32.	 Oranusi S, Braide W. Microbiological safety assessment of apple fruits 
(Malus domestica Borkh) sold in Owerri Imo state Nigeria. Adv J Food Sci 
Technol. 2012;4(2):97–102.

	33.	 Diana J, Pui C, Son R. Enumeration of Salmonella spp., Salmonella Typhi 
and Salmonella Typhimurium in fruit juices. Int Food Res J 2012;19(1).

	34.	 Nawas T, Mazumdar R, Das S, et al. Microbiological quality and antibio-
gram of E. Coli, Salmonella and Vibrio of salad and water from restaurants 
of Chittagong. Journal of environmental science and natural. Resources. 
2012;5(1):159–66.

	35.	 Campos J, Gil J, Mourão J, Peixe L, Antunes P. Ready-to-eat street-vended 
food as a potential vehicle of bacterial pathogens and antimicrobial 
resistance: an exploratory study in Porto region, Portugal. International 
journal of food microbiology. 2015;206:1–6.

	36.	 Cheung PY, Kwok K, Kam K. Application of BAX system, Tecra UniqueTM 
Salmonella test, and a conventional culture method for the detec-
tion of Salmonella in ready-to-eat and raw foods. J Appl Microbiol. 
2007;103(1):219–27.

	37.	 Zige DV, Ohimain EI, Mynepalli S. Enteric Bacteria from ready to eat food 
vended in Amassoma community in Niger Delta and its health implica-
tion. IOSR J Environ Sci Toxicol Food Technol. 2013;6(4):62–5.

	38.	 Wolde T, Abate M, Sileshi H, Mekonnen Y. Prevalence and antimicrobial 
susceptibility profile of Salmonella species from ready-to-eat foods 
from catering establishments in Jigjiga City, Ethiopia. Afr J Microbiol Res. 
2016;10(37):1555–60.

	39.	 Weldezgina D, Muleta D. Bacteriological contaminants of some fresh veg-
etables irrigated with Awetu River in Jimma town, southwestern Ethiopia. 
Advances in Biology 2016;2016.

	40.	 Jain AK, Yadav R. Antibiotic resistance of different bacterial strains isolated 
from orange juices. Am J Phytomed Clin Ther. 2015;3:88–96.

	41.	 Kummerer K. Resistance in the environment J Antimicrob Chemother 54 
(2): 311–320. Find this article online. 2004.

	42.	 Rashed N, Aftab UM, Azizul HM, Saurab K, Mrityunjoy A, Majibur R. 
Microbiological study of vendor and packed fruit juices locally available 
in Dhaka city, Bangladesh. Int Food Res J. 2013;20(2)

	43.	 Lertworapreecha M, Sutthimusik S, Tontikapong K. Antimicrobial resist-
ance in Salmonella enterica isolated from pork, chicken, and vegetables in 
southern Thailand; 2013.

	44.	 Razzaq R, Kalsoom F, Seema M, Ghulam M. Microbiological analysis of 
street vended vegetables in Multan City, Pakistan: a public health con-
cern. Pakistan J Zool. 2014;46(4):1133–8.

	45.	 Learn-Han L., Yoke-Kqueen C., Shiran M., Sabrina S., Noor Zaleha A., Sim, 
J.et al. Molecular characterization and antimicrobial resistance profiling 
of Salmonella enterica subsp. enterica isolated from ‘Selom’(Oenanthe 
stolonifera), Malaysia. IFRJ, 2009; 16(1): 191-202.

	46.	 Clarence S. Plasmid-encoded multidrug resistance: a case study of Salmo-
nella and Shigella from enteric diarrhea sources among humans. Biol Res. 
2010;43:141–8.

	47.	 Fekadu K, Kaleab B, Anteneh T, Tesfaye S. Bacteriological quality of com-
monly consumed fruit juices and vegetable salads sold in some fruit juice 
houses in Addis Ababa, Ethiopia. J Food Saf. 2018;63 https://​doi.​org/​10.​
1111/​jfs.​12563.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/jfs.12563
https://doi.org/10.1111/jfs.12563

	Prevalence, antimicrobial susceptibility test and associated factors of Salmonella and Shigella in ready-to-eat fruit juices and salads in Mekelle, northern Ethiopia
	Abstract 
	Background 
	Methods 
	Result 
	Conclusion 

	Background
	Materials and methods
	Study design, period and area
	Sample size calculation
	Sampling technique
	Data and sample collection, handling, transportation and processing
	Microbiological analysis
	Fecal coliform count
	Cultivation and identification of Salmonella and Shigella

	Antimicrobial susceptibility test
	Quality control
	Data processing and analysis

	Results
	Socio-demographic characteristics of juice makers and other related data
	Prevalence of Salmonella spp., Shigella spp. and Fecal coliforms loads among food items
	Prevalence of Salmonella and Shigella among sub-cities
	Antimicrobial susceptibility patterns
	Multidrug resistance profile of isolates
	Factors associated with the prevalence of Salmonella and Shigella

	Discussion
	Conclusion
	Acknowledgements
	References


