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The primary reason of global spread is microbial contamination and its transfer through
tainted water and food sources. Salmonella species are important infectious pathogens that
are members of the enteriobacteriacea family and can infect both humans and animals with
illnesses. Due to the use of contaminated drinking water in preparations, street meals in
India are frequently the cause of contracting Salmonella spp. infection. Flavored water of
Panipuri (Indian Street Snack) is one of the most well-known examples. Molecular
identification of harmful microorganisms is now a quick and reliable assay technique.
Therefore, the goal of the current investigation was to identify Salmonella spp. using the
invA gene and the prevalence of chloremphenicol resistance within using the cmlA gene in
flavoured water samples of Panipuri that were afterwards randomly collected from food
vendors on the streets of Bhopal. For culture of bacteria Salmonella Selective Enrichment
broth supplemented with novobiocin was used. After incubation, the water culture was
centrifuged, and the DNA was isolated and submitted to PCR to determine the incidence of
the cmlA gene and the existence of the invA gene using a standard PCR methodology. On
a 1% agarose gel, the target gene was found in the PCR result. Based on the presence of the
invA gene unique to Salmonella spp., all 30 of the samples were found to be positive for
the presence of Salmonella spp. However, based on the existence of cmlA genes, it was
shown that 53% of the samples had a genotypically observed incidence of chloremphenicol
resistance. The results of this brief investigation point to an alarming situation regarding
the incidence of probable drug-resistant salmonellosis and diarrhoea dissemination.

Copyright©2022 Mamta Meena et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Barro et al., 2006; Bryan, 1998), which increases the risk of
contamination in street foods. However, these types of food

Due to the lack of knowledge about the scope of infectious
diseases and their origins, microbial infections are the major
cause of death worldwide. It is important to raise knowledge
about microbial infections and how they might spread through
contaminated food and water sources. As a significant cause
of infections that has been well-documented in countries at all
economic development levels, virus transmission through
water continues to be a problem. More than 13 million people
perish each year as a result of drinking dirty water.

In the cities of emerging nations like India, a variety of street
foods are quite popular. Millions of people in all small and
large cities eat street cuisine like panipuri, snacks, and drinks
that are sold by vendors. One of the biggest sources of
foodborne and waterborne infections is typically these types of
foods, which are made using regular water without any sort of
treatment. Street foods are frequently linked to diarrheal
diseases because they are handled improperly, served in
unhygienic conditions, and are not protected from flies
(Mensah, et al., 2002; Dardano, 2003; Hanoshiro, et al., 2004;
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items are prepared either at home or on the street (Bhaskar et
al., 2004; Tambekar, et al., 2009).

For the analysis of the risks, several elements must be taken
into account, from the initial contamination of raw foods with
pathogenic bacteria to the subsequent contamination by
vendors during the production of street foods (Dawson and
Canet, 1991; Mankee, et al., 2003). Many bacteria, such as
Salmonella typhi, Escherichia coli, Staphylococcus aureus,
Proteus species, and Pseudomonas species, are directly linked
to food contamination (Hanoshiro, et al., 2004). Salmonella
species are important infectious pathogens that are members
of the enteriobacteriacea family and can infect both humans
and animals with illnesses. In India, street food is frequently a
source of contraction Infection with Salmonella spp. brought
on by the use of tainted drinking water in recipes; flavoured
water used in Panipuri (an Indian street snack) is a common
example. Molecular identification of harmful microorganisms
is now a quick and reliable assay technique. Therefore, the
goal of the current investigation was to identify Salmonella
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spp. using the invA gene and the prevalence of
chloremphenicol resistance within using the cmlA gene in
flavoured water samples of Panipuri that were afterwards
randomly collected from food vendors on the streets of
Bhopal.

Molecular Confirmation &Antibiotic Resistant Detection

Total genomic DNA samples from each sample culture were
subjected to screening for the invA gene and clmA gene,
which stand for the conserved region of DNA specific to

Table 1 List of Primer sets used for the detection of Salmonella spp. and incidence of antibiotic resistance gene in
cultures of flavoured water samples in singlex PCR.

SNN.  Detection TargetGene  primer Sequences Annealing References
Temperature
1. Salmonella Spp. invA Forwards:TCATCGCACCGTCAAAGGAACC 61°C Kadry, et al., (2019).
Reverse:GTGAAATTATCGCCACGTTCGGGCAA
2. Chloramphenicol ~ cmlA Forwards: CCGCCACGGTGTTGTTGTTATC 58°C Van, et al., (2008);
Resistance Reverse:CACCTTGCCTGCCCATCATTAG Rahman, et al., (2020)
MATERIALS AND METHODS Salmonella spp. and the chloramphenicol resistance gene,

Sample Collection

As samples, flavor-infused water from the Indian panipuri
street food were chosen at random from several Bhopal City
locations. For the purpose of screening for Salmonella spp.
between August 2020 and January 2021, 100 ml of panipuri
water sample were collected from the 30 sites using clean, dry,
and sterilized glass bottles.

respectively. Previously reported primer sequences were used
for this purpose whose sequence details & annealing
conditions are mentioned in table 1. The PCR reaction was
performed in 25 pl volume which contains 12.5 pul PCR
TagMixture (HiMedia, India), 0.5 pl each of forward and
reverse primers (Eurofins Genomic India Pvt. Ltd and
Bioserve Biotechnologies, India) and 5 pl template DNA and
6.5 ul molecular grade distilled water (HiMedia). The Sterile
distilled water was used in place of DNA as negative control

Table 2 PCR protocols followed for amplification of target genes in isolated DNA samples whole bacterial cultures

PCR Cycles
S.N. Gene Initial
Denaturation Denaturation Annealing Extension Final Extension
1. invA 94°C 94°Cfor30S, 55°Cfor30S 72°Cfor1min 72°C for 5 min.
2. cmiA forSmin - e Cfor30s,  56°CTor30S 72°Cfor imin _ 72°C for 10 min.

Culture & Enrichment of Salmonella spp

In order to culture bacteria in samples of flavoured water, the
Salmonella Selective Enrichment broth (M1843, HiMedia
Laboratories India Pvt Ltd) was employed, which facilitates
the selective growth of the Salmonella spp. Following all
aseptic procedures, 0.1 ml of the panipuri water samples that
had been obtained was inoculated in each individual broth
tube. Each tube was then incubated at 37°C for 24 hours. The
samples were centrifuged to extract the collective pellet of
bacteria after monitoring the turbidity in the broth cultures,
and the bacteria were then exposed to DNA isolation.

DNA Extraction

By using the traditional boiling procedure, total genomic DNA
was extracted from the collected bacterial pellets from each
growth tube independently. The bacterial pellet from the
growth tube is transferred to a 1.5 ml microfuge tube after
being diluted with 1 ml of sterile distilled water. After
centrifuging these microfuge tubes at 10000 rpm for 7
minutes, the supernatant was discarded, and the pellet rinsed
with 500 pl of sterile distilled water before being centrifuged
yet again at 12000 rpm for 5 minutes. After once more
discarding the supernatant, 200 pl of sterile distilled water was
used to homogenise the particle. This mixture was then heated
for 10 minutes at 100°C in a digital water bath (Navyug,
India) before cooling for 7 minutes in an ice bath. The
microfuges were then centrifuged for 5 minutes at 10,000 rpm.
The acquired supernatants were then kept in new sterile 1.5 ml
microfuges and refrigerated at —20°C for later use.

in one tube. The PCR was carried out on a Prima96
Thermocyler (HiMedia, India) using the parameters listed in
Table 2 with an initial denaturation time of 5 minutes at 94°C,
followed by 30 cycles of denaturation, annealing, and
extension, and a final extension time of 10 minutes at 72°C.

Data Analysis

The PCR result was put through electrophoresis on 1%
Agarose gel in 1X TAE buffer running at 100 volt for 30
minutes after the PCR process was finished. The gel was then
viewed on the E-Gel Imager gel documentation system to
validate the presence of target genes as a band on the gel
(Thermo Fischer Scientific, US). Salmonella spp. prevalence
and the prevalence of the gene for antibiotic resistance to
chloramphenicol was assessed using a percentage correlation.

RESULTS AND DISCUSSION
Microbial Contamination in Samples

A total of 30 samples of Panipuri-flavored water were
randomly chosen from street food sellers in Bhopal City and
taken to the sites listed in table 3. It was reported that all of the
samples were contaminated with different types of bacteria,
particularly any Salmonella spp., when they were subjected to
culture in Salmonella Selective Enrichment broth. This was
supported by the turbidity in liquid culture media that
appeared after the period of incubation. This shows that it is
certain to claim that the water used to prepare street foods or
street snacks is significantly contaminated, whether as a result
of pre-existing pollution in water supplies or unclean handling
and preparation techniques.
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Image 1 Agarose gel image showing invA gene detected in
prospected Salmonella spp. isolates from S, to Sy at the range of 200
bp on marker scale.

Molecular Detection of Salmonella spp. & Resistant Gene

The technique for bacterial DNA extraction has been modified
in accordance with the suggestions made by earlier researchers
(Lee, et al., 2009; Ahmed and Dablool, (2017). The DNA was
produced in such a way from the full culture of panipuri-
flavored water sample that it functioned well with the
following PCR amplification of the desired fraction within the
DNA.

In accordance with the procedure recommended by Kadry, et
al., (2019) the invA gene primer set was utilized to produce an
amplified PCR product with a size range of around 284 bp,
confirming the detection of Salmonella spp. (Kaushik, et al.,
2014). Based on the presence of the Salmonella spp. unique
invA gene at the range of 200 bp on marker scale, the
amplified PCR result showed all 30 samples were positive for
the presence of Salmonella spp. when run on a 1% agarose gel
(see image 1).

M S, S, S S S5 S5 S, S, Sy Sig Su Sz Sz Sy Sis S Su

M Siz Sio S Su Sy >SZ; S Sis S Sy S: Sy Swu

.-

Image2 The presence of band on gel confirms the presence cmlA
gene Salmonella spp. isolates from S 1 to S 10 at the range of 700 bp
on marker scale.

Despite being promoted as an efficient, quick, and accurate
method for identifying Salmonella in food and water samples,
the invA gene is viewed as a characteristic for the
identification of salmonellosis around the world (Malorny, et
al., (2003). The ability of the invA gene to infiltrate and
persist in macrophages is referred to as the ability to invade
cells (Gole, et al., 2013).

In accordance with the PCR protocol recommended by Van, et
al., (2008) and Rahman, et al., (2020) with appropriate
modifications as per the requirement of the current
investigation, the amplification of cmlA genes in DNA
samples confirmed for incidence of Salmonella spp. in

panipuri-flavored water samples was also carried out.
According to the literature (Pourtaghi and Sodagari, 2016), a
single band measuring 698 base pairs (bp) in size was found to
contain the cmlA genes in the PCR result (see image 2). Out of
the 30 DNA samples from bacterial cultures, it was found that
16 samples had cmlA genes. Based on the presence of cmlA a
gene, the genotypic incidence of chloremphenicol resistance in
these samples was reported to be 53% (see table 3). The
results of this short study show that there is a concerning
scenario regarding the occurrence of probable drug-resistant
salmonellosis and diarrhoea, however a large number of
random samples would assist to clarify the data. One of the
most significant water and food borne organisms that poses a
risk to food safety for the food industry and the public health
sector is Salmonella. Worldwide, salmonellosis is a serious
medical problem and a big challenge, with developing nations
bearing the brunt of its impact (Adel El-Sebay, et al.,
2017).The risk of Salmonella may differ amongst food
production systems due to variations in the pathogen's level of
resistance or factors affecting illness onset and shedding
(Zheng, et al., (2007)

Table 3: The prevalence of the antibiotic resistance gene to
Chloremphenicol in 30 samples of Salmonella spp. found in
samples of flavoured panipuri water

Total
S.N.  Sample Locations (S:a(l)?g)le CDrz,l?g[ige Incidence
Percentage

1. 6 no. Market S 0

2. 6 no. Market S, 0

3. 6 no. Market Ss 1

4. M.P. Nagar Sy 1

5. M.P. Nagar Ss 1

6. M.P. Nagar Se 0

7. Nehru Nagar Sy 0

8. Nehru Nagar Ss 1

9. Nehru Nagar So 0

10. 10 no. Market S 0

11. 10 no. Market S 1

12. 10 no. Market S 0

13. 10 no. Market Sis 0

14. New Market Su 1

15. New Market Sis 0

16. New Market Si6 1

17. New Market S17 1

18. Bitton Market Sis 1

19. Bitton Market S1o 0

20. Indrapuri S 1

21. Indrapuri Sa 1

22 JK Road Sa» 0 53%
23 Chowk Bazar Sa3 1

24 GhoraNakkas S2a 0

25 Jai BhimNarar S5 1

26 Baghmugaliya S 1

27 BimaKunj Sar 0

28 BimaKunj Sz 1

29 BimaKunj Sa9 0

30 BimaKunj Sso 1

Note: 1= presence of target gene and 0 = absence of target gene

Foodborne illnesses brought on by eating tainted prepared
food are a common occurrence that not only have negative
effects on human health but also have social and economic
repercussions. Fresh produce's association with foodborne
ilinesses drives researchers to review and develop the
microbiological safety of food and water in terms of
evaluation techniques and pathways for bacteria access to
produce (Alegbeleye, et al., 2018). Salmonellosis is intended
to have an impact on the world economy because it is a
significant public health issue that causes significant morbidity
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and mortality, and because food and water borne Salmonella
spp. pose a substantial hazard when they grow resistant to
some antibiotics (Adamu, et al., 2020; Adzitey, et al., 2016).

Due to the labour and time requirements of several standard
foodborne detection approaches, better tactics have been
developed and optimised as alternatives to be utilised in
conjunction with them. Numerous of those are quick, delicate,
dependable, and standardised. They might be classified as
relying on nucleic acids, biosensors, or immunological
methods (Croci, et al., 2008; Adzitey et al., 2013; Law et al.,
2014). Because of their ease of use and low cost, culture
techniques are still widely used and advantageous in the
detection of pathogens in food and clinical prognosis of
microbial pathogens Adamu, et al., (2020). However, PCR-
based studies are quick, specific, sensitive, and safe. However,
when antibiotic-resistant bacteria are found, the genotypic and
phenotypic profiles of the isolates no longer generally match.

CONCLUSIONS

According to the findings of this brief study, it is evident that
popular Indian street food and snacks are the most
contaminated with diseases that are spread through food and
water. Furthermore, if those infections are found to be multi-
antibiotic resistant, the situation becomes even more serious.
The results of this brief investigation show that there is a
serious public health concern over the occurrence of probable
drug-resistant salmonellosis and diarrhoea disseminated by the
eating of such unsanitary street snacks. However, a quick and
effective strategy to monitor not only the presence of food-
borne pathogens but also any occurrence of antibiotic
resistance in food and water samples would be to conduct a
quality check using molecular technologies.
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