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ABSTRACT

Aim: To determine level of bacterial contaminants and antibiotic susceptibility profiles of bacteria
isolated from read-to-eat salads (RTES).

Study Design: An experimental cross-sectional study was conducted in three localities of llala
District in Dar es Salaam (Tanzania).

Methodology: Twenty-four RTES samples were bought from randomly chosen fast food centers.
RTE salads were analyzed at the Pharmaceutical Microbiology Laboratory. The total viable counts
(TVC) were determined, and the standard procedures for microbial identification were performed
and confirmed by physiological tests. The identified microbial contaminants were subjected to
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burden and antibiotic resistance was observed.

antibiotic sensitivity testing (AST) using the Kirby-Bauer disc diffusion method. Six widely used
antibiotics: amoxicillin (AX25), sulfamethoxazole/ trimethoprim-(SXT-25), amoxicillin/clavulanic acid
(AMC30), gentamicin (CN5), ciprofloxacin (C5), and chloramphenicol (C30) were used for the AST.
Results: The TVC of isolated bacterial contaminants ranged from 10% to 102 cfu/g, which was
above the acceptable standard limit and unfit for human consumption. Five bacterial species
comprised of Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, Pseudomonas
aeruginosa, and Klebsiella oxytoca were isolated and subjected to the AST. All bacteria were
resistant to AMC30. Escherichia coli was isolated from 10% of the RTES. Association between bio-

Conclusion: The RTES harbored contaminant bacteria beyond acceptable limits. The predominant
contaminants were P. aeruginosa and E. coli. One-fifth of the samples contained E. coli, indication
of poor sanitation. All the isolated bacteria were resistant to AMC30. Prompt measures are required
to curb the spread of antibiotic-resistant microorganisms.

Keywords: Bacteriological quality; contaminant bacteria; antibiotic sensitivity testing.

1. INTRODUCTION

Ready-to-eat vegetable salads (RTES) are
commonly prepared at home and food vendor
outlets in several localities of Dar es Salaam,
Tanzania. The most common ingredients for
RTES include tomatoes, onions, cucumbers,
carrots, cabbages, salts, and sometimes lemon
juice or vinegar [1]. Generally, salads are
considered a source of vitamins, minerals,
proteins, and other nutrients that are important
for the proper body functioning and disease
fighting [2,3]. Since RTES are consumed without
cooking [4]. They are considered potential
sources of enteropathogenic microbes and other
food-borne diseases. Bacteria are regarded as
the leading source, accounting for a significant
66% of food-borne diseases, followed by
chemicals (26%) [5,6]. The most common
enteropathogenic bacterial contaminants in fresh
produce include Campylobacteria  spp.,
Salmonella spp., Escherichia coli, and Shigella
spp. [7], of which some are common causes of
food-related illnesses.

On the other hand, the spread of antibiotic
resistance through the food chain is also a global
health concern [8]. Not only because antibiotics
are used in aquaculture, agriculture, and
veterinary medicine, but also because antibiotic-
resistant bacteria and genes can simply spread
through the food chain [8-10]. Currently, different
types of antibiotic-resistant microorganisms have
been found in both food products and humans
[11,12]. However, basic safety measures such as
proper food handling effective cooking may
significantly  control the dissemination of
antibiotic-resistant food-borne pathogens [13-15].
Utilization of pesticides and manures derived
from animals irrationally exposed to antibiotics
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has greatly contributed to the further spread of
antibiotic  resistance, as some traces of
antibiotics remain intact and that are found
in the environment such as in soil and water
[16,17].

We therefore aimed to assess the microbiological
quality of RTES by isolating the microbial
contaminants and determining their antibiotic
sensitivity patterns. The findings, thus, can
provide an insight into the microbial quality of
RTES and their potential role in spreading
antibiotic resistance emanating from the
contaminant bacteria.

2. MATERIALS AND METHODS

2.1 Study Design, Areas and Samples
Collection

This was a cross sectional-experimental based
study involving the collection of RTES from
various fast-food vendors in three localities
(Kariakoo, Muhimbili and Buguruni), which are
well-known for their commercial activities in llala
District, Dar es Salaam. The district is one of the
populous areas in Dar es Salaam City with over
1.3 (17.6%) million inhabitants. Samples of
RTES were bought from randomly selected fast-
food vendors between March 2021 and April
2021. About 200 g of RTES mixtures from each
vendor which are usually served directly to
consumers were aseptically collected into sterile
polythene bags, kept in a cool box, maintained at
0-4 °C and aseptically transported to
Pharmaceutical Microbiology Laboratory at
School of Pharmacy, MUHAS. The collected
samples were processed within two hours upon
arrival at the laboratory.
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Dar es Salaam region

Fig. 1. A map of Dar es Salaam and the study area-llala District

2.2 Microbial Quantification, Isolation and
Identification

Ten (10) grams of each sample were transferred
into 90 mL of normal saline and gently agitated
for 5 minutes. The supernatant (1 mL) of each
content was tenfold serially diluted, from which
one aliquot (1 mL) of it was deposited onto both
selective (Mannitol salt agar, Hektoen enteric
agar, Mac Conkey agar) and non-selective
(Mueller-Hinton,  Nutrient, and Sabouraud
dextrose) agar plates.

The inoculated plates were then inverted and
incubated at 37°C for 24-48 hours. After 24
hours’ incubation, all discrete colonies were
enumerated, designated as TVC, and expressed
in terms of colony-forming units per gram
(cfu/gr). Pure colonies were identified through
conventional methods such as Gram staining
and colony morphology (size, color, form,
opacity, and swarming). The characterization of
isolates was confirmed biochemically by oxidase,
catalase, citrate, urease, sulfide indole motility
tests, and triple sugar iron tests [18].

2.3 Antibacterial Sensitivity Testing

The identified microbial contaminants (bacteria)
from RTES were overnight sub-cultured in freshly
prepared nutrient broth, and the resultant
turbidity was compared to the McFarland 0.5
standard (equivalent to 1.5x108cfu/ml) prior to
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performing the AST. Then, the bacteria were
subjected to AST profiling against six commonly
used antibiotics for treatment of bacteria-related
infections as per the Standard Treatment
Guidelines and National Essential Medicines List

[19]: amoxicillin  (AX25ug),  ciprofloxacin
(CIP5ug), gentamicin (CN10ug),
sulfamethoxazole/trimethoprim (SXT25ug),
chloramphenicol (C30p9), and

amoxicillin/clavulanic acid (AMC30ug) (Oxoid,
Hampshire, UK). All assays were performed on
Mueller-Hinton agar plates (Roth, Germany)
using the Kirby-Bauer disk-diffusion method.
Following an overnight incubation at 37 °C, the
diameters of inhibition zones (I1Z) were
determined in millimeters. Each of the above
tests was performed in triplicate for statistical
purposes and reproducibility. Therefore, the
resultant 1Z was expressed as means and
interpreted as per the Clinical Laboratory
Standards Institute [20] as sensitive (S),
intermediate (1), or resistance (R).

2.4 Statistical Data Analysis

SPSS version 23 was used for analysis, carrying
out descriptive statistics (for means and standard
deviations) and (ANOVA) of mean microbial
counts among RTES from the three localities.
Pearson’s correlation analysis was also carried
out to determine the correlation of bacterial loads
among antibiotic-resistant isolates. Differences in
I1Z between RTES-derived bacteria and the test
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antibiotics with respect to control bacteria were
analyzed by the T-test, and the differences were
considered statistically significant at p<0.05.

3. RESULTS AND DISCUSSION

The presence of Pseudomonas aeruginosa,
Staphylococcus aureus and Klebsiella species in
RTES is a major health concern. Not only
because RTES harbored more than hundred
folds the standard limits but also, they are
implicated opportunistic  bacterial infections
[7,11,12]. Isolation of Escherichia coli in 21%
(n=5) of the analyzed RTES samples could
suggest poor hygienic practices among the street
food vendors, and it is a fecal contamination
indicator [21,22]. Since salads are consumed
raw, they can act as major vehicles for food-
borne illness outbreaks, as has been observed
worldwide [7, 11-12,21]. Generally, raw
vegetables, salads included, are capable of
supporting bacterial growth due to their high
water, neutral pH, and nutrient content. Cross-
contamination is one of the main causes of the
microbiological contamination of RTES at various
points, from farming through preparation to the
distribution chain [8,9], resulting in food-borne
disease outbreaks [23,24]. Therefore, cautious
and minimal handling of such produce and
cleanliness of equipment and premises are
important [11,13,16].

In this study, a total of 24 RTES samples were
analyzed of which all revealed the presence of

contaminant bacteria exceeding acceptable
standard limits (Table 1). Our study showed a
higher detection of Pseudomonas aeruginosa
(45.83%; n=11) and Escherichia coli, (20.83%’
n=5) which differs from other previous studies
showing variability in incidences depending on
socio- geographic factors [21,23]. There were
statistically  significant differences between
the established microbiological standard
limits and TVC revealed from the tested RTES
(p <.01).

All isolated bacteria were resistant to AMC30,
and 66.7% (n=16) to AX25 (Table 2). Significant
differences between reference microorganisms
and the isolated contaminant bacteria against
AX25 (p < .01; df = 21; 2-tailed) were observed.
Six (25%) of 24 isolated bacteria were resistant
to C30, and five (20.8%) to SXT25. Of these, four
(36.4%) were P. aeruginosa and one (E. coli)
(26%), as shown in Table 2.

Our study shows that about 49% of the tested
RTES-derived bacteria were antibiotic-resistant
P. aeruginosa, followed by E. coli (23.7%), as
shown in Fig. 1. The incidence of E. coli obtained
from RTES is slightly lower than what was
previously reported (34%) in Pakistan [26] and
(8.7%) in Nigeria [22]. Escherichia coli is a
commensal bacterium; however, some strains
have acquired virulence factors and therefore
have evolved to pathogenic E. coli. When in
food, they may cause gastroenteritis and
diarrhea [27].

Table 1. Bacterial contaminants in RTES
(expressed as colony forming unit per gram of sample) [25]

Isolated Bacteria cfu/gr Standard limit Cfu/gr Number of
(Minimum-maximum) Isolates
Pseudomonas aeruginosa 6.0 x 10%- 2.08 x 107 30 to 3 x 107 11
Escherichia coli 4.4 x108-1.44 x 107 Absence < 20 5
Staphylococcus aureus 6.0 x 108 - 2.0 x 107 10°%< 104 4
Klebsiella pneumoniae 4.0x 106-8.6 x 108 10°%< 104 3
Klebsiella oxytoca 7.6 x 108 10%< 104 1

Table 2. Proportions of antibiotic resistant bacteria isolated from RTES

Isolated microbes

Antibiotics (%)

AX25 AMC30 C30 SXT25 CIP5 CN10
P. aeruginosa (11) 3(27.3) 11(100.0) 3(27.3) 4(36.4) - -
E. coli (5) 5(100.0) 5(100.0) 3(60) 1(20) - -
S. aureus (4) 4(100.0) 4(100.0) - - - -
K. pneumoniae (3) 3(100.0) 3(100.0) - - - -
K. oxytoca (1) 1(100.0) 1(100.0) - - - -
Total 16 (66.7) 24(100.0) 6(25.0) 5(20.8) - -

Key: (-) means none was resistant to the antibiotic
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Antibiotic resistant bacteria isolated from RTE salads
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Fig. 1. Proportions of antibiotic resistant bacteria isolated from RTES grouped by species

All tested bacterial isolates were sensitive to
CIP5 and CN10 (Fig. 2 and Table 2). This
observation was confirmed statistically by both
the RTES-derived bacteria and the reference
bacteria/control, yielding no significant
differences in ZI (p = .51). The T-test
(independent samples) analysis of the antibiotic
sensitivity of the contaminant bacteria with
respect to their respective control organisms

revealed
differences

different patterns: Significant
in susceptibility against AMC30,

CN10 (p <.001), and SXT25 (p =.014) when S.

aureus was compared to control organisms.
Klebsiella oxytoca exhibited a significant
difference (p <.001) against CIP5, C30, AMC30,
and AX25, in respect to the control organism (Fig.
2 & Fig. 3). Significant differences in sensitivity
between control organisms and P. aeruginosa
were also observed against AMC30, AX25, and
CIP4 (p<.001). For K. pneumoniae, there were
significant differences against C30, AMC30, and
AX25. While E. coli demonstrated a significant
difference against AMC30 and AX25 (p <.001),
C30 (p =.038), and CN10 (p =.023).

Fig. 2. Antibiotic susceptibility patterns of the isolated contaminant bacteria against CIP5,
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Fig. 3. Antibiotic sensitivity patterns of isolated contaminant bacteria to AX25, ACM30 and C30

A multi-resistant P. aeruginosa was isolated in
one sample that exerted resistance against three
antibiotics, namely SXT25, as depicted in Fig. 2
above, as well as against AX25 and AMC30 (Fig.
3). This observation could be attributed to prior
exposure of the bacteria to the antibiotics, which
is largely caused by irrational use of antibiotics
[28]. The association between bio-burden (TVC)
and prevalence rates of antibiotic resistance was
relatively higher among the Gram-negative
bacteria (P. aeruginosa, E. coli, K. pneumoniae,
and K. oxytoca) (Pearson’s Chi-square = 231.94;
p < .01). While such an association was
observed among isolates of S. aureus (Gram-
positive bacterial contaminants) against AX25
and AMC30 (Pearson’s Chi-square = 299.05; p <
.01) to which they were resistant to the two
antibiotics (Table 2).

Staphylococcus aureus is a pathogenic
bacterium that causes staphylococcal food
poisoning along with other illnesses. Human-
origin isolates of Staphylococcus are the main
source of food poisoning outbreaks in the country
[29,30], where about 1% of deaths annually are
attributed to food-related contamination by S.
aureus [32-30]. As little as 100 thousand S.
aureus in food may have detrimental effects [31-
32]. Pseudomonas  aeruginosa is an
opportunistic pathogen widely distributed in soil,
water, and other moist environments. The
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presence of P. aeruginosa in the food sample
indicates defective decontamination during
preparation [33]. Consumption of contaminated
RTES with such a pathogen may have serious
human health consequences, particularly for
children, elders, and immunologically
compromised persons [5,34].

Klebsiella genus is a common opportunistic
pathogen for humans and other animals, as well
as being transient flora (especially in the
gastrointestinal tract). Other habitats include
sewage, drinking water, soils, and surface waters
[34]. Klebsiella pneumoniae is one of the most
important members of the Klebsiella genus in the
Enterobacteriaceae family, known to cause
several infections in the upper respiratory and
gastrointestinal tracts. The infections are more
serious among immunocompromised individuals
[35]. It has been reported that clinically relevant
features of K. pneumoniae may be preserved in
wastewater, even after treatment. This evidence
highlights the potential of K. pneumoniae for
spreading through wastewater, enhancing the
risks of transmission back to humans [36].

Klebsiella oxytoca is rising as a significant
opportunistic pathogen, causing health care
facility-acquired infections in neonates as well as
adults. The bacterium is responsible for a wide
range of ailments, from colitis to infective
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endocarditis, other than the common urinary and
respiratory tract infections [37]. Our study shows
that Klebsiella oxytoca was resistant to AX25 and
AMC30 (Table 2). This implies that these
antibiotics may not be useful to individuals
infected with Klebsiella oxytoca, particularly
those with weakened immune systems. More
importantly, it is also clear now that RTES
harbors microorganisms that may carry various
antibiotic resistance genes that can be vertically
or horizontally transmitted [38].

4. CONCLUSION

The microbial quality of RTES available in the
surveyed areas raises health concerns. All tested
samples had bacterial loads beyond permissive
levels. Pseudomonas aeruginosa and E. coli
were the most abundantly isolated contaminants.
The presence of E. coli is an indication of poor
hygienic practices and insanitary conditions. All
the isolated bacteria were resistant to AX25 and
AMC30. An association between bacterial load
and antibiotic resistance among microbial
contaminants was observed.

The authors hypothesize that improper handling
of the RTES ingredients and cross-contamination
of vegetables during pre- and post-harvesting
processes could have been attributed to the poor
microbial quality. They recommend that
responsible authorities establish more stringent
measures stringent measures such as proper
hygiene practices and sanitary conditions for
RTES vendors to ensure RTES are not the
cause of food-borne outbreaks in our community
and vehicles of dissemination of antibiotic-
resistant pathogens.

5. LIMITATION OF THIS STUDY

Further studies employing a larger sample size
and covering wider study areas need to be
conducted to ascertain the microbial quality of
RTES and the magnitude of resistant pathogens
emanating from RTES. Additionally, more
research on RTES is needed to isolate certain
pathogenic strains of the bacteria found in this
study.
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