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Abstract– Salad vegetables are essential in our daily diet because they provide affordable nutrients.
However, they can serve as vectors for the transfer of antibiotic resistance to consumers. In this study, we
demonstrated an inter-farm measurement that provides a unique assessment to better understand the
proximate causes of drug resistance in human food chains. Salad vegetable samples (cucumber, carrot and
tomato) were collected from three agricultural farms in Kharkhari, Rajshahi, Bangladesh. Isolation of
tetracycline-resistant bacteria was carried out by the agar dilution method using nutrient agar supplemented
with 32 µg/ml tetracycline at 37ºC for 24 hours. Antimicrobial susceptibility testing was performed by the
Kirby-Bauer disc diffusion method on Mueller Hinton agar using commercial antibiotic discs. Resistant
isolates were identified by 16S rRNA sequencing. A total of 34 tetracycline-resistant bacteria were isolated
randomly from three types of salad vegetables to determine their susceptibility to ampicillin, kanamycin and
ciprofloxacin. The result shows three resistance patterns among vegetable isolates in a very close
geographical area, suggesting various patterns of drug resistance in environmental bacteria. The bacteria
identified are: Enterobacter cloacae, Bacillus cereus, Chryseobacterium spp., Pseudomonas sp., and Enterobacter sp.
The presence of antibiotic-resistant bacteria in agricultural products of plant origin may offer valuable
information on the transmission of resistant bacteria from farms to consumers via the food chain, raising
serious concerns for human health.

INTRODUCTION

Antimicrobial resistance (AMR) is a global human
health hazard that affects humans, animals, plants
and the environment. The widespread application
of antimicrobials, including antibiotics, antiviral
drugs and especially hand sanitizer, during the
COVID-19 pandemic has increased social concern in
recent years (Pérez de la Lastra et al., 2022).
Unfortunately, recommendations for these products
did not discuss their responsible use or their impact
on natural bacterial communities. As a result, the
coronavirus pandemic appears to have increased
the threat of AMR in various ecosystems (Lu and
Guo, 2021). In addition, a large amount of
antibiotics are used in livestock farming (Heuer and
Smalla, 2007). When agricultural soil is treated with
manure, antibiotics are then released into the

environment, which can put selective pressure on
the environmental bacterial community. Water used
for irrigation can also be contaminated with
antibiotic-resistant bacteria (ARB) (FAO, 2018).
Through irrigation or running water, or by directly
discharging wastewater into receiving waterways,
these resistant bacteria can spread from upstream to
downstream (Lu and Guo, 2021).

As a result, the persistence of antibiotic residues
and resistance may pose potential threats to
agroecological environments, particularly
agricultural products and their safety (Feng et al.,
2018). AMR has been detected in various farmland
bacteria that consume manure (Heuer et al., 2011),
raising the possibility that ARB and resistance genes
may be transmitted to humans through the food
chain (Neela et al., 2009) as well as to vegetables
(Schwaiger et al., 2011). ARB contamination in
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agricultural products of plant origin can provide
useful information on the movement of ARBs from
the farm to consumers via the food chain.

In order to obtain essential nutrients in their best
form, vegetable salads are often eaten raw. Through
direct application of antibiotics during cultivation,
use of contaminated fertilizers and manure,
untreated irrigation water, or unknown non-human
selection pressure, raw vegetables are particularly
vulnerable to microbial contamination (Kabir et al.,
2014). This may lead to horizontal transfer of
resistance to indigenous bacteria, which could in
turn transfer resistance to humans via vegetables
(Sengeløv et al., 2003). The microbial load of these
vegetables can pose serious health concerns to
consumers, as the majority of them are consumed
raw or without further processing (Ahmed et al.,
2019). Moreover, this problem is further aggravated
in Bangladesh due to weak control measures and
lack of proper knowledge of farmers about the effect
of antibiotics, and there is no documentation on the
types and quantities of antimicrobial drugs used in
breeding and agronomic applications (FAO, 2018;
Kalam et al., 2022). The use of antimicrobial agents
benefits agricultural production, but their
indiscriminate use can lead to their accumulation on
the plant or in its tissues (Szabo and Coventry, 2001).
The same serotype of E. coli and Klebsiella spp. was
detected in food and in patients who consumed it
(Cooke et al., 1970, 1980).

Pseudomonas spp., Listeria spp., Staphylococcus
aureus, total coliforms, faecal coliforms and
antibiotic-resistant heterotrophic bacteria were
found in raw plant products collected from local
and supermarkets in Dhaka City, Bangladesh (Kabir
et al., 2014). The presence of multidrug-resistant
Gram-negative bacteria has been reported in salads
and leafy vegetables collected from different local
markets in Dhaka City, Bangladesh (Aurin et al.,
2020). The prevalence of 266 multidrug-resistant
bacterial isolates from ten genera and three fungi
was isolated from raw vegetable salads sold in major
markets in Chittagong City, Bangladesh (Nipa et al.,
2011).

The prevalence of AMR among bacteria
associated with vegetables collected from markets
has been well documented, but there is no published
literature on the patterns of antibiotic resistance
among bacteria isolated from raw vegetables of
plant origin at the farm level in Bangladesh. The aim
of this study was therefore to determine whether the
origin of these salad vegetables could play a role as

a transporter or reservoir of ARB. In this study, we
report the isolation and identification of ARB from
raw vegetables collected from agricultural farms.
The isolated strains were evaluated for their
resistance profiles.

MATERIALS AND METHODS

Sample collection

Three agricultural farms were considered for
sample collection at Kharkhari (24°23’53"N
88°38’59"E), Rajshahi, Bangladesh. A total of
seventy-five vegetable samples (tomato, carrot and
cucumber) were collected aseptically from five sites
in each farm. At the farm level, samples of raw
vegetables were taken without any processing.
Samples were collected early in the morning in
sterile plastic bags and transported to the laboratory
as quickly as possible for further processing. This
study was carried out between 2020-2022.

Isolation of tetracycline-resistant bacteria

Vegetable samples were rinsed separately with 100
ml of phosphate-buffered saline (PBS) and a 10-fold
dilution was made. Then, 100 µl of each diluted
aqueous suspension was spread on nutrient agar
medium (HiMedia, India) supplemented with 32
µg/ml tetracycline (TC). Strains resistant to  32 µg/
ml TC were defined as “TC-resistant strains” (Neela
et al., 2007). Plates were incubated at 37 ºC for 24
hours to determine colony forming unit (CFU/ml).
Duplicate counting was performed and CFUs were
calculated.

Antimicrobial susceptibility testing

A total of thirty-four TC-resistant strains were
selected randomly for antimicrobial susceptibility
testing by the Kirby–Bauer disk diffusion method
(Bauer et al., 1966). A suspension of bacterial cells
was prepared in nutrient broth medium and the cell
density was adjusted to McFarland No. 0.5 and
plated on Mueller Hinton agar (HiMedia, India)
using commercial antibiotic discs (HiMedia, India).
The following antibiotics with disc strength in
parentheses were used: kanamycin (K, 30 µg),
ampicillin (AMP, 10 µg), and ciprofloxacin (CIP, 5
µg). The measured inhibition zones were compared
to the Clinical and Laboratory Standards Institute
standard interpretation table (CLSI, 2020) and
designated as sensitive (S), intermediate (I), and
resistant (R).
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Identification of antibiotic-resistant isolates

A total of five TC-resistant isolates, resistant to
another two antibiotics, were considered for
identification by 16S rRNA sequencing targeting the
V3 region. The primers used in this study were 27F
(5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R
(5'-GGTTACCTTGTTACGACTT-3') (James, 2010).
DNA extraction was carried out by the phenol-
chloroform method (Wright et al., 2017). The 16S
rRNA gene was amplified by PCR on Thermocycler.
The PCR program was carried out in 50 l reaction
volumes containing 2 l of DNA template, 25 l PCR
Master Mix 2x and 2 l (20 pmol/l) of each primer.
PCR amplification shows initial DNA denaturation
at 94 °C for 5 min, followed by 35 cycles of
denaturation at 94 °C for 1 min, annealing at 55 °C
for 1 min, and elongation at 72 °C for 1 min, which
was followed by a final extension at 72 °C for 5 min.
5 l of PCR product was analyzed by electrophoresis
in a 1.5% agarose gel, at 90 volts for 45 min. The gel
was visualized by UV transillumination and
recorded accordingly. After obtaining the
appropriate size of PCR product, the purified PCR
products were sent to the National Institute of
Biotechnology (NIB), Savar, Dhaka, Bangladesh for
16S rRNA sequencing.

Phylogenetic analysis

DNA sequences (FASTA format) of the five
identified bacteria were used for phylogenetic
analysis using the NCBI database and Phylogeny.fr
web based software (https://www.phylogeny.fr).

RESULTS

In this study, all vegetable samples were
contaminated with TC-resistant bacteria, with
summary results shown in Table 1. The range of
viable bacterial counts was 1.25 × 106 to 3.37 × 106 for
the cucumber, from 1.31 × 105 to 2.45 × 106 for tomato
and 2.75 ×105 to 3.40×106 for the carrot, respectively.
The highest occurrence rate of TC-resistant bacteria
(32 µg/ml) was 1.92%, followed by 1.02% for
cucumber from sites 1 and 5 of farm No. 1,
respectively. In farm #2, the highest rate of
occurrence of TC-resistant bacteria was found in site
4 (1.39%), followed by site 1 (0.68%) from tomato
sample. In the case of carrot samples, the most
resistant bacteria to TC were found in site 1 (1.06%)
followed by site 4 (1.02%) in farm no. 3.

A total of 34 TC-resistant bacteria were isolated
randomly from vegetable samples. All isolates were
tested for antimicrobial susceptibility to three
antibiotics: ampicillin (AMP), kanamycin (K), and
ciprofloxacin (CIP) (Fig. 1). All 34 isolates were

Table 1. Viable number of isolates from three salad vegetables collected from agricultural farms

Sample name Location Farm No. Sample sites Total viable TC resistant
count 32µg/ml (%)

Site-1 1.39×106 2.67×104 (1.92)
Site-2 2.34×106 1.68×104 (0.71)

Cucumber Kharkhari 1 Site-3 3.37×106 1.22×104 (0.36)
Site-4 1.29×106 1.28×104 (0.99)
Site-5 1.25×106 1.27×104 (1.02)
Site-1 3.39×105 0.23×104 (0.68)
Site-2 0.55×106 0.09×104 (0.16)

Tomato Kharkhari 2 Site-3 1.31×105 0.08×104 (0.61)
Site-4 0.95×106 1.32×104 (1.39)
Site-5 2.45×106 1.64×104 (0.67)
Site-1 3.40×106 3.6×104 (1.06)
Site-2 2.21×106 1.23×104 (0.56)

Carrot Kharkhari 3 Site-3 1.0×106 0.97×104 (0.97)
Site-4 2.75×105 0.28×104 (1.02)
Site-5 1.95×106 0.24×104 (0.12)

Cucumber Tomato Carrot
Fig. 1. Antibiotic Susceptibility testing of bacteria isolated

from cucumber, tomato and carrot. (AM:
Ampicillin, K: Kanamycin, CIP: Ciprofloxacin and
C: Control)
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classified as susceptible (S), intermediate (I), and
resistant (R) to each of the antibiotics tested, as
shown in Table 2. The occurrence rate of ARB
among the 34 TC-resistant isolates from three salad
vegetables is shown in Fig. 2. Of these, 71.43%
isolates from carrot followed by cucumber (62.5%)
and tomato (58.33%) were resistant to TC-AMP.
28.57% of TC-K resistant isolates came from carrot,
respectively, followed by tomato (16.67%) and
cucumber (12.5%). The three most drug-resistant
isolates (TC-AMP-K) were from tomatoes (16.67%).
All TC-resistant isolates were found to be
susceptible to ciprofloxacin (Table 2).

Table 2. Antibiotic susceptibility profiles of isolates from three raw salad vegetables

Sample Location Farm Isolates Antibiotics
name No. ID Concentration Zone of Sensitivity

(µg/ml) Inhibition (mm) profile
TC AMP K CIP TC AMP K CIP

BOTRUEMLCu1 32 18 18 25 R S S S
BOTRUEMLCu2 32 19 21 24 R S S S
BOTRUEMLCu3 32 0 19 31 R R S S

Cucumber Kharkhari 1 BOTRUEMLCu4 32 35 20 34 R S S S
BOTRUEMLCu5 32 0 11 33 R R R S
BOTRUEMLCu6 32 0 14 22 R R I S
BOTRUEMLCu7 32 0 20 34 R R S S
BOTRUEMLCu8 32 0 20 28 R R S S
BOTRUEMLT1 32 20 17 30 R S I S
BOTRUEMLT2 32 37 18 23 R S S S
BOTRUEMLT3 32 0 14 26 R R I S
BOTRUEMLT4 32 10 16 30 R R I S
BOTRUEMLT5 32 25 20 32 R S S S
BOTRUEMLT6 32 0 19 33 R R S S

Tomato Kharkhari 2 BOTRUEMLT7 32 35 20 23 R S S S
BOTRUEMLT8 32 0 0 31 R R R S
BOTRUEMLT9 32 25 21 32 R S S S
BOTRUEMLT10 32 0 19 29 R R S S
BOTRUEMLT11 32 0 18 31 R R S S
BOTRUEMLT12 32 0 12 28 R R R S
BOTRUEMLC1 32 0 16 27 R R I S
BOTRUEMLC2 32 0 23 31 R R S S
BOTRUEMLC3 32 0 18 29 R R S S
BOTRUEMLC4 32 13 18 28 R S S S
BOTRUEMLC5 32 0 20 27 R R S S
BOTRUEMLC6 32 0 16 29 R R I S

Carrot Kharkhari 3 BOTRUEMLC7 32 0 18 30 R R S S
BOTRUEMLC8 32 13 18 40 R S S S
BOTRUEMLC9 32 0 16 27 R R I S
BOTRUEMLC10 32 33 11 35 R S R S
BOTRUEMLC11 32 0 13 23 R R R S
BOTRUEMLC12 32 0 0 22 R R R S
BOTRUEMLC13 32 0 16 23 R R I S
BOTRUEMLC14 32 19 0 25 R S R S

BOTRUEML: Botany Rajshahi University Environmental Microbiology Lab., Cu: Cucumber, T: Tomato, C: Carrot, TC:
Tetracycline, AMP: Ampicillin, K: Kanamycin, CIP: Ciprofloxacin, R: Resistant, S: Sensitive and I: Intermediate

We selected five isolates for 16S rRNA
sequencing based on those that were resistant to
three antibiotics (TC-AMP-K). The isolates were
BOTRUEMLCu5, BOTRUEMLT8, BOTRUEMLT12,
BOTRUEMLC11, and BOTRUEMLC12 (Table 2). Raw
nucleotide sequences obtained for 1,500 bp from
these five isolates were analyzed using the Basic
Local Alignment Search Tool (BLAST) on the
National Center for Biotechnology Information
website (http://blast.ncbi.nlm.nih.gov/). BLAST
analysis of sequence data confirmed the isolates as
Enterobacter cloacae, Bacillus cereus, Chryseobacterium
spp., Pseudomonas sp. and Enterobacter sp. (Table 3).
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Partial 16S rRNA sequences of antibiotic-resistant
isolates have been deposited under the names
BOTRUEML131 (BOTRUEMLCu5), BOTRUEML132
(BOTRUEMLT8), BOTRUEML133 (BOTRUEMLT12),
BOTRUEML134 (BOTRUEMLC11) and
BOTRUEML135 (BOTRUEMLC12) in GenBank,
respectively. The phylogenetic tree of the 5
identified bacteria showed their relationship with
each other (Fig. 3).

have reported the distribution of AMR on various
vegetable salads sold in markets (Kabir et al., 2014;
Aurin et al., 2020; Nipa et al., 2011). However, our
fundamental understanding of the prevalence of
AMR on fresh salad vegetables from agricultural
farms in Bangladesh remains largely unknown. It is
therefore necessary to understand the prevalence of
AMR in salad vegetables at the farm level.

In Bangladesh, vegetable salads are commonly
eaten with main meals. In the present study, the
highest occurrence of TC-resistant bacteria was
detected in cucumbers (1.92%), followed by
tomatoes (1.39%) and carrots (1.06%), respectively
(Table 1). TC is commonly used in Bangladesh for
livestock production (Chowdhury et al., 2009). It has
been suggested that manure compost may provide
an important route for the transfer of ARB and
resistance genes from livestock to humans
(Yoshizawa et al., 2020). According to Marti et al.
(2013), consumption of raw vegetables represents a
route of human exposure to ARB and resistance
genes present in the soil. Our results also suggest
that agricultural practices such as the use of
irrigation water or the use of manure can have a
significant impact on vegetables in terms of TC-
resistant bacterial contamination.

Antibiotic-resistant E. coli can enter the food
chain through vegetable consumption, according to
previous findings indicating that irrigation
groundwater is a source of resistant bacteria (Araujo
et al., 2016). Canal water or sewage can also play an
important role as a carrier of ARBs that can
contaminate vegetables. In this survey, more isolates
were found, but isolates resistant to 32 µg/ml TC
were considered as resistant strains as this has been
documented for environmental samples in previous
research (Neela et al., 2007). We found a high
number of isolates resistant to 32 µg/ml TC. This
implies that agricultural products from Bangladeshi
farms contained significant numbers of TC-resistant
bacteria. To prevent the spread of ARB in the
environment, it is important to appropriately use

Table 3. Five identified bacteria with their susceptibility profiles

Strain name Accession no. Identified bacteria Source Farm Antibiotics
no. Sensitivity profile

TC AMP K CIP

BOTRUEML131 PQ432932 Enterobacter cloacae Cucumber 1 R R R S
BOTRUEML132 PQ432975 Bacillus cereus Tomato 2 R R R S
BOTRUEML133 PQ432988 Chryseobacterium spp. Tomato 2 R R R S
BOTRUEML134 PQ432990 Pseudomonas sp. Carrot 3 R R R S
BOTRUEML135 PQ432994 Enterobacter sp. Carrot 3 R R R S

Fig. 2. Occurrence rate of cross-resistant patterns of
isolates from three types of salad vegetables

Fig. 3. Phylogenetic tree of five identified bacteria

DISCUSSION

According to the One-Health idea, AMR
contamination of soils by irrigation water and
manure cannot be separated from the possibility of
its transmission to humans via the food chain.
Therefore, AMR spreads in the environment with an
increased likelihood of being linked to agricultural
products. Widely consumed agricultural products,
such as salads, can harbor ARB and act as a potential
vector for transmission to humans. Many researches
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antibiotics in livestock and treat manure (Yoshizawa
et al., 2020).

The susceptibility of TC-resistant isolates to other
antibiotics is presented in Table 2. Three resistance
patterns were found among the isolates, although all
were isolated from the same geographic area. This
suggests that the antibiotic resistance profiles of
these isolates from these areas are diverse. The
cross-resistance profiles of the isolates to antibiotics
are summarized in Fig. 2. Among the three cross-
resistance profiles, the highest profile was the TC-
AMP profile found in the carrot samples (71.43%),
followed by cucumbers (62.5%) and tomatoes
(58.33%). In this study, we found that a large
number of bacteria were resistant to ampicillin. This
is not surprising given that ampicillin is a broad-
spectrum antibiotic widely used in human medicine
(WHO, 2019). It is also widely used in health and
agriculture to prevent bacterial infections and
promote animal growth (Tarannum et al., 2020).

The results of this investigation are consistent
with those of many other researchers. Resistance to
amoxicillin-clavulanic acid, ampicillin and cefoxitin
was significantly affected by manuring of vegetables
grown in soil (Marti et al., 2013). Nipa et al. (2011)
and Kabir et al. (2014) reported 98% and 83% of
ampicillin-resistant bacteria from vegetable salads
sold in major markets in Chittagong city and super
shops in Dhaka city, Bangladesh, respectively. The
presence of TC-K-resistant bacteria was lower than
that of TC-AMP-resistant bacteria, which accounted
for 28.57% in carrots, followed by tomatoes (16.67%)
and cucumbers (12.5%), respectively. Kanamycin, an
aminoglycoside antibiotic frequently used in
veterinary medicine to treat and prevent microbial
infections (Ma et al., 2021). Al-Kharousi et al. (2019)
reported kanamycin-resistant bacteria (5%) in fresh
fruits and vegetables sold in the local market in
Oman. In our study, the rate of occurrence of ARB in
vegetables collected from farms was higher than in
those sold in markets. Compared to supermarkets,
fresh vegetables grown on farms have greater
bacterial viability. Vegetables from the farm may be
fresher than those from the store because they have
not been subjected to stressors (Schwaiger et al.,
2011).

In our study, all isolates were found to be
susceptible to ciprofloxacin. However, CIP is
commonly used for urinary tract infections (Das et
al., 2023). One study demonstrated a high incidence
of ciprofloxacin resistance in commensal E. coli in
hospitalized patients (89%), broilers (77.6%), and in

a poultry farm (88.8%) in Bangladesh, suggesting an
alarming public health consequence (Das et al.,
2023). In our study, no isolates were resistant to CIP,
suggesting that a number of variables may regulate
the prevalence of CIP resistance among geographic
regions. Similar results reported by Nipa et al. (2011)
showed only 3.92% of bacteria with resistance to
ciprofloxacin isolated from raw salads sold in the
local market. Another study also mentioned that the
majority of isolates from salad dressing samples
collected from street vendors in Bangladesh showed
susceptibility to ciprofloxacin (Sultana et al., 2024).
Therefore, this antibiotic can be an effective choice
against pathogenic bacteria.

In this study, the bacteria most resistant to TC-
AMP and TC-K were isolated from carrot sample.
Roots generally contain the highest levels of ARBs in
most plants (Berg et al., 2005). The carrot being a root
vegetable, it is always in direct contact with the soil.
It is well known that soil is a reservoir of multidrug-
resistant bacteria and resistance genes. The
abundance of ampicillin-resistant bacteria recovered
from carrots has been shown to be significantly
affected by manuring (Marti et al., 2013). This is
likely the cause of the high percentage of antibiotic
resistant bacteria isolated from carrot samples in this
study. Despite its many benefits, carrots can also
pose a threat to human health. When bacteria from
edible plants carry antibiotic resistance genes, they
can move up the food chain and endanger human
health after entering the human body (Chen et al.,
2019).

In this study, two drug-resistant bacteria (TC-
AMP and TC-K) were also isolated from cucumber
and tomato samples, but the percentage was lower
than that from carrots. Tomatoes and cucumbers are
not root vegetables and are not in direct contact with
the soil. This may be the reason for the lower ARB
percentage than the carrot sample. However, the
highest percentage of bacteria resistant to all three
drugs (TC-AMP-K) was isolated from tomato
samples. Resistance could also result from contact of
the non-root vegetable with soil when splashed on
the vegetables during irrigation (Nipa et al., 2011).
Like carrots, tomatoes and cucumbers are more
likely to be eaten raw and therefore may pose a
higher risk to consumers (Samad et al., 2023).

The identified bacterial isolates revealed a range
of antibiotic-resistant bacteria in salad vegetables
studied at the farm level. Five antibiotic-resistant
bacteria were identified in this study. These are
Enterobacter cloacae isolated from cucumbers, Bacillus
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cereus and Chryseobacterium sp. from tomatoes,
Pseudomonas sp. and Enterobacter sp., from carrots
(Table 3). According to Nüesch-Inderbinen et al.
(2015), multidrug-resistant Enterobacter cloacae,
carrying the clinically significant blaCTX-M-15 gene,
were found in chives imported from Spain. The
abundance of E. cloacae resistant to tetracycline and
ampicillin in fresh vegetables collected from various
sources along the Mediterranean coast of Spain
suggests, as an indicator of their potential risk,
serving as a vector of clinical resistances from farms
to consumers (Rico et al., 2013).

According to Hamilton-Miller and Shah (2001),
multidrug-resistant Enterobacter have been found in
carrots and other salad vegetables, indicating that
raw vegetables can harbor highly resistant
opportunistic pathogens. Nipa et al. (2011) also
reported the presence of multidrug-resistant
bacteria from vegetable salads sold in major markets
in the city of Chittagong, Bangladesh, where
Enterobacter sp. was the dominant species. The
results of this study were also in agreement with our
investigation, which reported the presence of
antibiotic-resistant Enterobacter cloacae and
Enterobacter sp. from cucumbers and carrots. The
presence of Enterobacteriaceae in salad vegetables
also indicates fecal contamination.  The practice of
using manure as fertilizer is quite widespread in
Bangladesh and could be a factor in Enterobacter sp.
and Enterobacter cloacae contamination of soil, water
and tested vegetables. Therefore, it is very important
to prevent contamination to control the spread of
AMR associated with the consumption of fresh
produce.

In this study, Pseudomonas sp. and Bacillus cereus
and Chryseobacterium sp. have also been isolated
from salad vegetables. Many species of the genus
Pseudomonas have already been isolated from salad
vegetables. In a previous study, Pseudomonas sp. was
isolated from samples of vegetables sold in a local
market and super shops in Dhaka city (Kabir et al.,
2014). Pseudomonas fluorescens has been found in
salads and carrots (Hamilton-Miller and Shah,
2001). These bacteria are not eliminated during the
washing process because they are closely associated
with plant matrices (Khiyami et al., 2011). Bacillus
cereus, a group of strains known to be generally
resistant to -lactam antibiotics due to the
production of -lactamase enzymes (Park et al.,
2009). This was confirmed in this study, which
showed that Bacillus cereus was resistant to
ampicillin. Resistance to tetracycline and

erythromycin in these bacteria has already been
observed in the United States and Europe (Luna et
al., 2007).

Bacillus cereus causes emetic and diarrheal
illnesses, linked to a wide range of food poisoning
(Sood et al., 2017). Raw vegetables have been found
to be an important source of B. cereus, which has
several toxin genes and is resistant to antibiotics
(Park et al., 2018). Bacillus cereus is very prevalent in
vegetables, suggested by the use of untreated animal
manure, high levels of contamination in irrigation
water, and Bacillus spores in the soil (Sood et al.,
2017). In this study, we reported Chryseobacterium sp.
from tomatoes. They are generally considered food
spoilage bacteria and pathogenic to humans and
animals. The majority of members of the genus are
distributed in soils as well as water (San Martín-
Romero et al., 2014), suggesting contamination by
antibiotic-resistant Chryseobacterium sp. in tomatoes
in this study, the effect occurred via soil and water.

The isolation of Chryseobacterium zhengzhouense
sp. Nov., from groundwater from a well in a Chinese
cabbage field in Zhengzhou (Wang et al., 2016)
supported our speculations. Many species of
Chryseobacterium are also known to be resistant to
various antibiotics (Mwanza et al., 2022). However,
its association with plant species is unclear due to
the lack of information on these bacteria. In
addition, it is important to take into account the
presence of antibiotic-resistant Chryseobacterium sp.
from vegetable samples. Under the concept of one
health framework, it is essential to monitor the
current status of AMR in agricultural products that
lead to contamination of food, environment and
human health in order to develop evidence-based
guidelines to minimize the harmful impacts of AMR
on public health. A more comprehensive and larger-
scale sampling strategy study, at the municipal/
regional/national scale, is warranted.

CONCLUSION

In conclusion, our results suggest that crops such as
carrots, cucumbers or tomatoes can harbor ARB,
potential vectors of transmission from farm to
humans. Members of the genera Enterobacter cloacae,
Bacillus cereus, Chryseobacterium sp., Pseudomonas sp.
and Enterobacter sp., often associated with vegetables
can harbor AMR genes. As part of the “One-Health”
concept, these results will support the
implementation of the Bangladesh National Action
Plan for AMR 2021-2026 and promote safe food
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throughout the year.
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