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Abstract
The food contamination with pathogenic bacteria and their antibiotic resistance have been reported worldwide. The present

study dealt with the isolation and characterization of the bacterial contaminants of food collected from Hooghly district of the West

Bengal, India. Two bacterial isolates (GUTKR5 and GUTKR7) were procured from the food samples (vegetables and soups) screened.
Neighbor joining tree analysis revealed that GUTKR5 isolate branched with Pseudomonas aeruginosa JN996498 strain with 87%
bootstrap value. From biochemical and molecular characterization, the bacterial isolates GUTKR5 and GUTKR7 were identified as
Pseudomonas aeruginosa and Aeromonas veronii, respectively. The disc diffusion susceptibility test revealed that both the bacterial

isolates, Pseudomonas aeruginosa GUTKR5 and Aeromonas veronii GUTKR7, showed resistance to AM and PC, while Pseudomonas
aeruginosa GUTKR5 and Aeromonas veronii GUTKR7 had further resistance to CP and VM, respectively, too; all the bacterial isolates

were sensitive to CM, TC, EM and GM. Thus, regular surveillance for drug resistance among potential pathogenic bacteria isolated
from different food samples might help combat food borne infection caused by the MDR bacterial pathogens.
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Introduction

Food-borne illness due to bacterial infection has been the ma-

jor public health concern worldwide [1]; approximately 76 million

cases of food-borne disease occur every year, and as many as 3.25

× 10 hospitalization and 5.2 × 10 death [2]. Health economists
5

5

have acknowledged that it is very difficult to estimate the full cost

of food-borne diseases [3], and estimates of the financial cost vary

across publications. The great concern of episodes of food borne
illnesses has been reported from USA and Australia [4, 5]. A major
proportion of the global incidences of food borne diseases attrib-

uted to the contamination of food and drinking water [6]. Bacteria,

such as Salmonella sp., Escherichia coli and Staphylococcus aureus
have been reported to cause food poisoning and food-borne dis-

eases [7]. Moreover, increased incidence of food borne diseases
cause the increased emergence of new food borne pathogens, such
as Yersinia enterocolitica, Listeria monocytogenes, Staphylococcus

enteritidis and Campylobacter jejuni [8-10]. The bacterial contami-

nation of various kinds of foods has been reported by the earlier

authors from different parts of India. Tambekar et al. [11] revealed
the presence of both gram-positive (Staphylococcus aureus) and

gram-negative (Escherichia coli, Klebsiella sp. and Pseudomonas
sp.) bacteria in ‘panipuri’ water. The predominant bacteria isolated from meat samples were Escherichia coli, Salmonella spp.,
Staphylococcus aureus and Pseudomonas sp., as per the report

of Thanigaivel et al. [12]. Hemalata et al. [13] reported the presence of multidrug resistant bacteria including Pseudomonas spp.

from various food samples. It has been reported that some of the

motile Aeromonas spp. are regarded as emerging food pathogens
[14], and most of the human gastrointestinal illnesses are linked
to the infection with Aeromonas hydrophila, Aeromonas caviae and
Aeromonas veronii [15].

However, no report has been made, from our part of the globe,

on the bacterial contaminants of foods: vegetables or soups, and

thus, the antibiotic resistance of food borne bacteria. Therefore,
the current study has been undertaken to explore the antibiotic

resistance of bacteria isolated from some ready-to-eat food (rice,
bread, vegetable and soup) samples collected from Tarakeswar locality of Hooghly district, West Bengal, India.

Materials and Methods

Collection of food samples
The food samples (n = 12) from the items: rice, bread, vegeta-

ble and soup (fresh as well as unpreserved kept for later usage),

prepared for the consumption of children, were collected from do-
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mestic levels, by active surveillance, at Loknath area of Tarakeswar
block, Hooghly district of West Bengal state, India, and were subjected for bacteriological processing.

Isolation and identification of bacteria
The food samples were inoculated into nutrient broth (Hi-Me-

dia, India) and incubated at 35 oC for 24h, for enrichment. The pure
bacteria cultures were obtained by streak-plate dilution method as

described in our previous publication [16], and the bacterial isolates, which were designated as GUTKR5 and GUTKR7, were stored

in cystine tryptone agar (Hi-Media, India) stabs. The isolated bacteria were identified following gram-staining, biochemical tests and
sugar fermentation [17,18].

Molecular identity of the isolated bacteria
The molecular identity of the bacterial isolates (GUTKR7 and

GUTKR5) was determined by 16s rRNA gene identification. The genomic DNA from GUTKR7 and GUTKR5 food bacterial isolates was

extracted following standard methodology [19], PCR amplification

of the 16S rRNA gene was done and sequence was generated utilizing universal primer. The phylogenetic tree was constructed following Saitou and Nei [20], and Tamura et al. [21].
Antibiotic Susceptibility

The antibiotic susceptibility for the food bacterial isolates, GUT-

KR5 and GUTKR7, was determined by disc diffusion technique [22],
using Mueller-Hinton agar (Hi-Media, India) plates, against AM, CM,
CP, EM, GM, PC, TC and VM, as described earlier [16]. The ZDI values

obtained around the test antibiotic discs for the isolated bacteria

were interpreted according to the CLSI criteria [23], in order to cat-

egorize the bacterial isolates as resistant, sensitive or intermediately susceptible.

Determination of multiple antibiotic resistance indices
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The MAR indices for the two isolated bacteria (GUTKR5 and

GUTKR7) were calculated as per the formula stated elsewhere
[24,25], and interpreted according to Krumperman [25]: MAR in-

dex ≤ 0.2 was considered low risk, and ≥ 0.2 was indicated high
risk of contamination.

Results and Discussion
Two of the bacterial isolates, GUTKR5 and GUTKR7, were

found to be the most prevalent in the collected food samples (veg-

etables and soups); no bacterial contaminants were found in rice
and bread. Both of the isolated bacteria were gram-negative nonspore forming rod-shaped showing positivity to catalase, oxidase,
citrate, nitrate, and gelatin hydrolysis tests, and negativity to MR,

H2S production and urease tests; GUTKR7 isolate was indole posi-

tive. Both of the isolates showed β-hemolytic activity on sheepblood agar plate (available from Hi-Media, India), while neither
was lactose fermenting.

Figueras et al. [26] reported the fast and low-cost technique

on the basis of RFLP of the 16S rDNA amplified PCR. In the instant

study, the neighbor joining tree analysis revealed that GUTKR5
isolate branched with Pseudomonas aeruginosa JN996498 strain,

having 87% bootstrap value, and the cluster containing GUTKR5

isolate and Pseudomonas aeruginosa JN996498 strain branched

with the cluster containing other Pseudomonas spp. sequences
obtained from the Genbank (Figure 1). The food bacterial isolate GUTKR7 branched with Aeromonas veronii GQ334329 strain,

having 64% bootstrap value, and the cluster containing GUTKR7

isolate and Aeromonas veronii GQ334329 strain branched with

Aeromonas veronii KT371350 strain (Figure 2). The restriction

enzyme maps for the GUTKR5 and GUTKR7 isolates, represented
in Figure 3 and Figure 4 respectively, exhibited cutting sites of different restriction enzymes within the sequences.

Figure 1: Neighbor joining tree for GUTKR5 isolate constructed through 16S rRNA gene sequencing.
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Figure 2: Neighbor joining tree for GUTKR7 isolate constructed through 16S rRNA gene sequencing.

Figure 3: Restriction enzyme map of the 16S rRNA gene sequence of GUTKR5 isolate.
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Figure 4: Restriction enzyme map of the 16S rRNA gene sequence of GUTKR7.
In the current study, based upon the findings from the conven-

tional identity tests (gram-staining, cultural and biochemical),
and the phylogenetic analysis, the GUTKR5 and GUTKR7 isolates

were identified as Pseudomonas aeroginosa and Aeromonas veronii, respectively. It has been reported that in 1960s, P. aeruginosa

emerged as a significant pathogen to cause human infections, and

currently, the bacterium has well been reported to cause nosocomial and community infections, as well as food-borne infection, having

the capacity to form biofilm and possessing an array of pathogen-

ic determinants [27-29]. The species of the genus Aeromonas are

omnipresent, water-borne bacteria, found in foods (fish, seafood,
meat, vegetables and processed foods), and are potential to represent serious problem in food, because of their capacity to produce
exotoxins. The Aeromonas spp. are emerging as important human

pathogens, causing several extra-intestinal and systemic infections
(septicemia, hemolytic uremic syndrome and eye infections) and

gastrointestinal infections (self-limiting liquid diarrhea to a more
severe and invasive diarrhea) as well [30]. Wang et al. [31] reported

β-hemolytic activity in 6 Aeromonas caviae isolates, among a total of

35, from clinical origin. Stratev et al. [15] reported that the gastrointestinal illnesses in humans are associated with the infection of different species of the genus Aeromonas, such as A. hydrophila, A. caviae and A. veronii. In the current study, the β-hemolytic and gelatin

hydrolysis properties of the isolated bacteria, P. aeruginosa and A.

veronii, from ready-to-eat food samples indicated their pathogenic
nature, and therefore, their existence in ready-to-eat food samples
might pose serious threats to humans.

Sarwat et al. [29] reported that the nosocomial P. aeruginosa

isolates had more resistance to antibiotics (ceftazidime, tobramycin, ticarcillin, ticarcillin/clavulanic acid piperacillin/tazobactam)

compared to the community isolates. Hemalata et al. [13] isolated
Pseudomonas spp., from various food samples, showing multidrug

resistance to cefotaxime, co-trimoxazole, meropenem, imipenem,
gentamicin and tetracycline. In this communication, both the food

bacterial isolates, Pseudomonas aeruginosa GUTKR5 and Aeromo-

nas veronii GUTKR7, showed resistance to AM and PC, while Pseu-

domonas aeruginosa GUTKR5 and Aeromonas aeruginosa GUTKR7

had further resistance to CP and VM, respectively, too; all the bac-

terial isolates were sensitive to CM, TC, EM and GM. Krumperman

[25] originally demonstrated the idea of bacterial MAR indices
among E. coli isolates. In our previous publication, the MAR indi-

ces for eye-cosmetic bacteria have been reported, with the high-

est value (≥ 0.4) recorded in case of P. aeruginosa [16]. Tripathi

et al. [32] reported the MAR indices of ≥ 0.3 among most of the

clinical isolates of P. aeruginosa. No report has been available from
this part of the globe on MAR indices of food borne bacteria. As
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has been reported by Vivekanandhan et al. [33], the MAR indices

for most of the isolated Aeromonas hydrophila strains had been re-

corded as ≥ 0.33, and thus suggesting the origin of the bacteria from

high-risk source of contamination. In this study, the Pseudomonas
aeruginosa GUTKR5 and Aeromonas veronii GUTKR7 isolates were

MDR, for which the MAR index was recorded as 0.375, thereby dem-

onstrating their (food borne bacteria) plausible origin from highly
antibiotic-contaminated sources. Thus, in order to prevent the bacterial contamination of foods and their infection to humans, application of biotherapeutic agents has been commended [34-36].

Conclusion
The occurrence of food contamination with potential MDR

pathogenic bacteria, Pseudomonas aeruginosa and Aeromonas vero-

nii, reflects the unhygienic and poor sanitary practices of the food

handlers during preparation, packing or serving. Thus, this study
sincerely recommends the maintenance of hygienic setting during
preparation, packing or serving of food by the people, in the com-

munity, in order to fight the prevalence of MDR food bacteria hav-

ing the capacity to cause life-threatening infections. However, for
proper awareness development among the people and to combat

the bacterial food borne illnesses, extensive surveillance of antibiotic resistance in bacterial food contaminants, in different settings,
is mandatory.
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