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Abstract

There are several benefits provided by Ready-to-Eat (RTE) street vended foods, but data exists that pathogenic microorganisms may contaminate foods displayed for
sale on the side of the road. However, there is a lack of data on the microbial characterization and antimicrobial resistance (AMR) trends of isolated pathogens from street
food in Delhi. Considering Panipuri and noodles are the favorite RTE foods in India, the study aims to examine the occurrence including anti-microbial resistance patterns
of common foodborne disease-causing microbes isolated from selected RTE foods. Sixty (60) RTE street-vended food samples from prevalent locations in Delhi, were
analyzed by demonstrating mesophilic aerobic bacterial count, yeast and mold count, specified food-borne pathogens, and their AMR trend against clinically significant
antibiotics. The mesophilic aerobic bacterial count varied from 1.0 x 10> 2.0 x 10° cfu/g whereas, yeast and mold 40 - 8.5 x 10° cfu/g. Among examined RTE samples,
dominant organisms were 31 (51.7%) E. coli, 24 (40%) S. aureus followed by 7 (11.7%) P. aeruginosa, 7 (11.7%) V. cholerae and 5 (8.3%) Salmonella spp. All bacterial isolates
showed substantial levels of antibiotic resistance in the antimicrobial susceptibility assays, notably against ciprofloxacin, tetracycline, gentamicin, and streptomycin (28.6 -
100%). The result showcased that the majority of RTE food samples were highly contaminated with one or more different pathogens possessing high resistance to existing
antibiotics. Thus, a serious vigilance recommendation from the regulatory food authorities needs to come forward with monitoring the microbial risk associated with
roadside food hawkers, and awareness among the individuals for food safety and safeguarding in the region.

Introduction [1]. Meals, snacks, and beverages sold by food vendors on the
street are extensively consumed by people around the globe in

Street foods are defined as an array of Ready-to-Eat (RTE) developing nations, and a considerable proportion of customers
meals and drinks made and sold by vendors in crowded places suffer from illnesses such as antimicrobial resistance, diarrhea
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dysentery, enteric fever, and other gastrointestinal disorders
[2]. Microorganism contamination of RTE street-vended food
has become known as a serious public health problem worldwide
[3]. In recent years, foodborne infections have been among the
most prevalent worldwide public health challenges, and their
consequences for human health and economic growth are
becoming more broadly recognized [1].

Studies on RTE street-vended foods have emphasized them
as a foremost risk to public health [4,5]. Epidemiological data
indicate that food sold on the street causes 600 million of the
world’s population to suffer from foodborne diseases annually,
with 56 million fatalities each year [6,7]. Since street food
vendors are found in many nations and have been linked to as
many as 70% of identified outbreaks, street food safety must
continue to be a top priority [8,9]. Bacterial contamination and
foodborne intoxications account for almost 60% of the burden
of foodborne infection [10,11]. Salmonella species, Escherichia
coli, Staphylococcus aureus, Shigella species, Bacillus cereus, and
Clostridium perfringens are a few of the often found foodborne
pathogens in RTE food products sold on the street [12].
Unhygienic practices significantly contribute to the entry of
pathogenic bacteria into food including contamination of raw
materials from surfaces and food utensils, unhygienic surface
conditions of the working environment, and improper storage
or refrigeration [13].

Antibiotics have made significant contributions to the
treatment of bacterial diseases, and foodborne infections [14,15]
and certain organisms have evolved Antimicrobial Resistance
(AMR) mechanisms to defeat the medications and sustain in
different environmental conditions [16]. AMR is a spontaneous
phenomenon that happens when genetic modification
causes bacteria to become resistant to antimicrobial agents
[17,18]. Consequently, treating bacterial infection becomes
challenging or impossible, raising the possibility of severe
signs and symptoms, disability, as well as death in both
humans and animals [19]. The “One Health approach” must
be comprehended and collaboratively implemented by the
scientific community and the general public [20].

An emerging worldwide public health concern is the
absence of novel medications for efficient treatments against
Multidrug-Resistant (MDR) pathogens and their development
[21]. Overuse of antibiotics will raise healthcare expenses,
mortality, morbidity, and environmental damage; neglecting
the AMR issue would accelerate the onset of the “post-
antibiotic era” [22,23].

Even though people of all ages are susceptible to the burden
of street foodborne illnesses such as cholera, typhoid fever,
food poisoning, and diarrhoea, but school-age group and those
residing in the below-poverty sub-regions of many countries
bear 40% of the burden due to foodborne illnesses alone [24].
Additionally, traveler’s diarrhoea brought by eating food from
street vendors is a foremost nuisance for tourists arriving in
underdeveloped nations and might be a significant barrier to
travel [25].

Due to the inadequate assessment program in developing
realms such as India, there is limited methodical information
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available regarding the occurrence of food-related pathogens
in RTE street-vended products such as panipuri and noodles.
Moreover, the multiple drug resistance of foodborne pathogens
was rarely investigated within both RTE foods. To date, there
is no study conducted on antibiotic resistance trends and
sensitivity patterns in pathogenic organisms isolated from
RTE pani puri and noodles from street vendors in Delhi, India.
Therefore, the current cross-sectional study aimed to evaluate
the microbiological quality, degree of foodborne pathogens,
and dominance of AMR bacteria present in the most common
street-vended food of India namely pani puri and noodles.

Materials and methods
Study design, study area and period

Community-based cross-sectional research was conducted
at fifteen North Delhi India vending sites, from February - April
2024. North Delhi- known as the administrative district of the
National Capital Territory (NCT) of Delhi in India, the Yamuna
River, and the district of central Delhi on the East, and by the
district of North West Delhi to the westbound North Delhi
(Figure 1). A high number of vendors and customers embrace a
dense population of students and teenagers. In the city, there
are many well-known shops, cafeterias, restaurants, hotels,
and beside them are various street vended foods.

Sample collection and transportation

A total of sixty (60) samples were collected from various
locations in North Delhi, which contains fifteen (15) noodles
and fifteen (15) Panipuri test samples. Further, each Panipuri
sample was segregated into three parts (khatta pani, mashed
potato, and puri) on the basis of their components. All samples
were aseptically collected in sterilized broad-mouthed PET jars
as per the sampling guidelines of FSSAI (Food Safety Standard
Authority of India, 2021) and followed by transportation in
an ice-box with ice packs to the microbiology laboratory of
Shriram Institute for Industrial Research, Delhi. To maintain
the temperature condition of 2-6 °C during transportation and
storage, a calibrated digital temperature monitoring device was
used, to prevent microbial growth formation and could get the
exact count by maintaining aseptic conditions. Samples after
collection were encoded from RTE-1 to RTE-60.where RTE-1
is Khatta Pani, RTE-2 mashed potato, RTE-3 puri and RTE-4
noodles for one location. A similar test food item sequence was
repeated for the rest of the fourteen locations.

The food composition of RTE food items used in the study

Food

Item Ingredients

Description

It is often a spherical or ball-shaped
chunk of deep-fried wheat dough, filled
with mashed potato and spicy tamarind

added to water

Wheat Flour, Mashed
Panipuri Potato, Tamarind,
rock salt, spices

Flour, vegetables, Food type formed from unleavened
vinegar, sausage,  dough that is sliced into long strings or
salt, oil strips after being rolled flat.

Noodles

Microbial analysis

For all microbiological quality tests, ISO 6887-1:2017 [26]
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Figure 1: Map of India (on left) and Delhi (on right) indicating the sample collection region (https://www.mapsofindia.com).

and ISO 7218:2024 [27] were strictly followed. All sixty (60)
samples were tested for the enumeration of mesophilic aerobic
bacteria as well as yeasts, and molds. They were also tested
for the presence of intestinal pathogenic Escherichia coli, enteric
pathogen Salmonella spp., coagulase-positive Staphylococcus
aureus, potentially enteropathogenic Vibrio cholerae, and
opportunistic pathogen Pseudomonas aeruginosa in the specified
quantity of sample as prescribed in the standard protocol.

The microbiological tests we selected were more pertinent
for the microbiological quality evaluation of the ready-to-eat
street food samples evaluated here, considering our experience
and available resources.

Evaluation of the food hygiene indicators

Enumeration of mesophilic aerobic bacteria: To determine
the bacterial load was executed in accordance with ISO 4833-
1:2013 [28]. The total mesophilic aerobic bacterial count was
performed by serial dilution method of initial suspension up to
subsequent decimal dilutions, followed by pour plate technique
using melted plate count agar media (HiMedia Laboratories,
India), then incubated the petri dishes at 30 °C + 1°Cup to 72 h.
After completion of incubation, the colonies were enumerated
by using a Quebec colony counter on the surface of petri
dishes with a range between 10 to 300 colonies. Averages were
calculated to estimate the number of cfu/g.

Enumeration of yeasts and molds: Quantification of
yeast and molds was obtained in accordance with ISO 21527-
1:2008 [29]. After spreading 0.1 ml of the initial suspension
and successive decimal dilutions on Dichloran Rose Bengal
Chloramphenicol Agar (HiMedia Laboratories, India) and
incubating in an upright position for 3 to 5 days at 25 °C in a

BOD incubator, the number of yeasts and molds was counted
under Quebec colony counter and express the results in cfu/g
of sample.

Evaluation of food safety indicators

Escherichia coli: A well-homogenised sample of 25 grams
was added to 225 mL of nutrient broth medium (1:10 dilution)
to create a tenfold dilution of the sample for pre-enrichment,
and the flask was incubated at 37 °C for 24 h. Subcultured on
selective agar plates as MacConkey agar and Eosin methylene
blue agar (HiMedia Laboratories, India) by using streak plate
technique then kept in a BOD incubator at 37 °C for 24 h.
Selective agar dishes were observed for distinctive colonies
once the incubation period was completed, such as pink or red
colonies on MacConkey agar and green metallic-sheen colonies
on Eosin methylene blue agar dishes. Five characteristic isolated
colonies from each plate were streaked on a nutrient agar slant
tube then Gram staining was performed for morphological and
vital biochemical confirmation. Reference positive control used
as Escherichia coli (ATCC 8739) [30].

Salmonella spp: Salmonella species were examined according
to the microbiological food standard—Horizontal method
for detection of Salmonella spp. ISO 6579—1:2017. Briefly, the
non-selective pre-enrichment was done by adding 25 g of
proper homogenized sample into 225 mL buffered peptone
water medium (HiMedia Laboratories, India). The conical
flask was incubated for 24 h at 37 °C. Specified test inoculum
of pre-enriched sample inoculated in Miiller-Kauffman
Tetrathionate broth and Rappaport Vassiliadis Soya (HiMedia
Laboratories, India) broth incubated at 37 °C and 42 °C for
18 to 20 h respectively. Selective isolations were performed
by streaking onto Brilliant green agar and Xylose Lysine
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Deoxycholate (HiMedia Laboratories, India) agar. After getting
selective isolated characteristic colonies on both selective
agar dishes. Sub-culture isolated five suspected colonies onto
nutrient agar and identification was done using morphological,
biochemical, and serological tests, where positive control
was used as Salmonella enterica (ATCC 14028) and Salmonella
typhimurium (ATCC 23564) [31].

Staphylococcus aureus: To detect Staphylococcus aureus,
prepare selective pre-enrichment as initial suspension, a 25-
gram well-homogenized test sample was diluted with 225 ml
of cooked meat medium containing 10% salt and kept in BOD
incubator for 24 h at 37 °C. After completion of the incubation
period, a loopful inoculum was streaked on Baird Parker Agar
and incubated for 30 h at 37 °C. Five isolated presumptive
colonies from each sample were subcultured on a nutrient
agar slant and further biochemical characterization was
performed by Gram staining and coagulase test. Staphylococcus
epidermidis (ATCC 12228) and Staphylococcus aureus (ATCC 6538)
were used as standard reference material [32].

Pseudomonas aeruginosa: Pseudomonas aeruginosa was
isolated under ISO 16266-1: 2021. Initially, 25 g of the test
sample was added in 225 ml of Asparine Proline Broth (HiMedia
Laboratories, India), and after incubation a loopful of inoculum
was streaked on Skim Milk Agar (HiMedia Laboratories, India),
incubated for 48 h at 42°C. Briefly, five suspected fluorescent
colonies were picked, and key biochemical confirmation
included Gram staining, oxidase, catalase, growth test at 37
and 42 °C, oxidative fermentation, nitrate reduction, gelatin
liquefaction, casein hydrolysis, production of fluorescence
under UV illuminator and pigment production. Pseudomonas
aeruginosa (ATCC 9027) was used as standard reference
material [33].

Vibrio cholera: Vibrio cholerae was detected in accordance
with the standard—horizontal method for determination
of Vibrio spp. ISO 21872-1:2017. Primary selective enrichment
was prepared by adding 25 g of homogenized test portion
in 225 ml alkaline saline peptone water (ASPW, HiMedia
Laboratories, India), followed by incubation at 41.5 °C for
6 h. Secondary selective enrichment was accomplished by
transferring 1 ml of culture obtained above in 10 ml ASPW
medium, incubated at 41.5 °C for 18 h then primary isolation
was done by streaked on thiosulphate citrate bile and sucrose
agar (TCBSA, HiMedia Laboratories, India) and chromogenic
agar (HiMedia Laboratories, India)., incubated for 24 h at 37°C
Five characteristic typical colonies from each plate were sub
cultured and confirmed by means of appropriate biochemical
test in accordance with standard reference protocol [34].

Antimicrobial Resistance (AMR)

Using Mueller-Hinton Agar (MHA) and the Modified
Kirby Bauer Disc Diffusion technique, isolates were tested for
antimicrobial resistance testing. It was carried out in compliance
with the recommendations established by the Clinical and
Laboratory Standards Institute (CLSI) [35,36]. A homogeneous
suspension was obtained by carefully mixing three to five
bacterial colonies in a tube containing five millilitres of
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normal saline (0.85%). The bacterial suspension’s turbidity
was measured against 0.5 McFarland turbidity standards. A
sterile cotton swab was then used to swab the prepared bacterial
suspension across the whole surface of Muller Hinton Agar
(HiMedia Laboratories, India). Discs antibiotics were placed
on the surface of the medium using sterile forceps within
fifteen minutes and incubated at 37 °C for 24 h. The zone of
inhibition around each disk was measured in millimeters (mm)
with the help of a zone reader and the diameter of inhibition
zones was evaluated in accordance with regulatory guidelines
as sensitive, resistant, and intermediate. The antibiotic discs
used in the study are: ciprofloxacin (5 pg), meropenem (10 1g)
tetracycline (30 pg), gentamicin (10 pg), streptomycin (10 ng)
and imipenem (10 pg).

Operational definitions

Street food: Food that is ready-to-eat and is offered for sale
by a vendor on a street or other public setting, such as a market.

Ready-to-eat foods: Foods that are consumed directly
without any further processing.

Street food vendors: Persons who sell meals to the general
public on the street without a permanent building but with a
temporary structure or transportable facility

Statistical analysis

All statistical analyses were assessed using version 8 of
Graph Pad Prism. To compare related proportions, Fisher’s
exact test was applied. Significant was defined as a probability
value < 10 %. The criteria for significance at a 95% level of
assurance are determined by the p-value. Differences at p <
0.05 were regarded as statistically significant using ANOVA
(37].

Results

In the present study, a sum of 60 RTE street vended
food samples were obtained from various public places of
the national capital territory of India. Out of 60 samples, 15
samples of Panipuri were split into three dissimilar segments
(the liquid khatta pani, puri, and solid mashed potato), thus
compromising 45 samples of Panipuri in the study, rest 15
were noodle samples. Street vendors share the space with a
number of other street vendors and set up their food booths,
carts, or temporary structures on the side of the road each day.
They prepare/cook these foodstuffs completely or partially at
home and store them at room temperature, which promotes
the growth of heterotrophic organisms including food-borne
pathogens.

Table 1: Microbiological quality (mesophilic aerobic bacterial count) in relation to RTE
street vended food samples.
Number of samples

Total Samples

Nature of food . . A
Satisfactory Marginal Unsatisfactory

Golgappe (Khatta Pani) 7 4 4 -
Golgappe(MashedPotato) 1 1 13 is
Golgappe (Puri) 13 1 1 15
Noodles 10 2 3 15

Total 31 8 21 60
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In context to microbiological results as mesophilic aerobic
bacterial count (MABC) it was found that out of a total of 60
RTE street vended food samples 31 (51.66%) were satisfactory,
8 (13.33%) marginal and 21 (35%) unsatisfactory. Among,
45 Panipuri samples, (Table 1) the percent level of MABC
unsatisfactory was highest in mashed potato 86.7% whereas,
the lowest was exhibited in Puri 6.7% samples. In addition,
15 samples of noodles showed 20% lies in unsatisfactory and
66.7% satisfactory criteria, respectively.

Overall, the quality of RTE street-vended food samples
is based on the pre-established microbiological process
hygiene and food safety criteria by the ICMSF (International
Commission on Microbiological Specifications for Foods). The
sample was acquired from levels of marginally unsatisfactory
(= 105, cfu/g), satisfactory (< 104, cfu/g), and marginal (< 105,
cfu/g).

In terms of yeast and mold, only 23.3% of the RTE Street
vended food samples have satisfactory levels below less than 10
cfu per g. On the other hand, the majority of samples (76.7%)
were above the unsatisfactory level, indicating a significant
prevalence of yeast and molds (Table 2). Due to inadequate
handling and serving procedures, RTE meals sold on the street
are commonly associated with gastrointestinal diseases.

Figure 2 shows the Heatmap of the distribution of specific
bacteria in RTE street vended food samples from various
locations of Delhi and illustrates the presence or absence of
five pathogenic bacteria across 60 sampling codes (RTE-1 to
RTE- 60). The level of unsatisfactory in RTE Street vended
foods was related to the presence of several microbial isolates
which affected the food safety criteria. The descending trend
of isolated foodborne pathogens in percent value exhibited 31
(51.7%) E. coli, 24 (40%) S. aureus, 7 (11.7%) P. aeruginosa, 7
(11.7%) Vibrio cholerae and 5 (8.3%) Salmonella spp. The major
occurrence of these isolates may be due to unhygienic handling
of foods, poor personal hygiene of the vendors, and poorly
cleaned dishes, thus indicating waterborne contamination.

The percent existence of food-borne pathogens in Panipuri
sample was 16 out of 45 (35.6%), whereas all samples of
noodles were contaminated. E. coli and S. aureus were found to
be the major contaminants in both categories of analyzed RTE
samples.

Prevalence of antibiogram for E. coli, S. aureus, P. aeruginosa,
Salmonella, and V. cholerae isolates against six antibiotics tested
are compiled in Table 3 to Table 4 respectively.

The antimicrobial resistance trend of E. coli against
challenged antibiotics is exhibited in Table 3 and Figure 3A.

Table 2: Microbiological quality (yeastand mold Count) in relation to RTE street vended
food samples.
Number of samples

Nature of food 5 B Total Samples
Satisfactory  Unsatisfactory
Golgappe (Khatta Pani) 2 13 15
Golgappe (Mashed Potato) 2 13 15
Golgappe (Puri) 8 7 15
Noodles 2 13 15
Total 14 46 60
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Table 3: Antibiotic resistance profile of Escherichia coli isolates from RTE street

vended food samples.

Interpretive categories and zone
diameter breakpoints

No. of isolates /Total

Concentration

(WL) (nearest whole mm) isolates
R 1 S R 1 S

5 <21 22-25 226 21/31 06/31 04/31
10 <19 20-22 =23 08/31 11/31 12/31
30 <11 12-14 215 19/31 08/31 04/31
10 <14 1517 218 18/31 09/31 04/31
10 <11 12-14 215 17/31 04/31 10/31
10 <19 20-22 =23 12/31 08/31 11/31

Table 4: Antibiotic resistance profile of Vibrio cholerae isolates from RTE street
vended food samples.

Interpretive categories and
zone diameter breakpoints

Antibiotic  Concentration No. of isolates /

used (uL) e ) Total isolates
Ciprofloxacin 5 <15 16-20 =21 1/7 3/7 3/7
Meropenem 10 <19 20-22 223 1/7 2/7 4/7
Tetracycline 30 <11 12-14 215 2/7 2/7 3/7
Gentamicin 10 <12 13-14 =215 3/7 2/7 2/7
Streptomycin 10 <11 12-14 215 2/7 3/7 2/7
Imipenem 10 <19 20-22 223 2/7 2/7 3/7

The E. coli isolates from panipuri and noodles samples that
demonstrated the highest level of antibiotic resistance were
Ciprofloxacin (67.7%) followed by Tetracycline (61.3%) and
Gentamicin (58.1%), respectively. Meropenem (38.7%) showed
the isolates’ maximum antibiotic susceptibility then Imipenem
(35.5%), and streptomycin (32.3%), respectively. All tested
antibiotics were ineffective against one isolate of E. coli from
noodles (RTE-44). Out of six clinically significant antibiotics
> 50 percent of isolated E.coli showed multiple drug resistance.

S. aureus isolates showed the greatest resistance to
ciprofloxacin, gentamicin, streptomycin, and tetracycline,
respectively. The sensitivity of S. aureus was mostly determined
by Meropenem and Imipenem (54.2%). The puri sample had
the lowest MDR to streptomycin, whereas the noodle sample
had the highest at 66.7%. Overall, 39.6% of S. aureus isolates
were found antibiotics resistant, concurrently (Table 5, Figure
3B).

P. aeruginosa showed extreme resistance to streptomycin
(71.4%), trailed by ciprofloxacin (57.1%), tetracycline, and
gentamicin (42.9 %) (Table 6, Figure 3C). Furthermore, P.
aeruginosa isolated from only Khatta Pani samples exhibited
resistance to all 6 antibiotics (Table 7,8).

The isolates of Salmonella spp. exhibited the highest level
of antibiotic resistance to ciprofloxacin (100 %) > tetracycline
(80 %) > streptomycin (60 %). Meropenem, imipenem, and
gentamicin (40%) were relatively efficient against five isolates
of Salmonella spp. (Table 6, Figure 3D). Noteworthy, isolated
Salmonella spp. showed an anti-microbial resistant average
trend (60%) to all examined antibiotics (Table 8).

Three out of seven isolates characterized as sucrose-
positive V. cholerae were gentamicin resistant. Furthermore,
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Figure 2: Heatmap illustrating the distribution of specific bacteria in RTE street vended food samples from various locations of Delhi, Y-axis: Sampling code (RTE- 1 to

RTE-60, X-axis: Bacteria types (E. coli, P aeruginosa, Salmonella, S. aureus, V. cholerae) Color indication: Red Color: Presence of bacteria; Blue color: Absence of bacteria.
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Table 5: Antibiotic resistance profile of Staphylococcus aureus isolates from RTE street vended food samples.
Antibiotic used Concentration (pL) Interpretive categories and zone diameter breakpoints (nearest whole mm) No. of isolates /Total isolates

R 1 S R 1 S
Ciprofloxacin 5 <15 16-20 =21 13/24 04/24 07/24
Meropenem 10 <19 20-22 223 04/24 07/24 13/24
Tetracycline 30 <14 15-18 =19 11/24 02/24 11/24
Gentamicin 10 <12 13-14 =215 12/24 04/24 08/24
Streptomycin 10 <1 12-14 =15 11/24 05/24 08/24
Imipenem 10 <19 20-22 223 06/24 05/24 13/24

Table 6: Prevalence of multi-drug resistance in the selected foodborne pathogens isolated from RTE street vended food.

Overall Golgappe (Khatta Pani)  Golgappe (Mashed potato) Golgappe (Puri) Noodles
Foodborne pathogens Antibiotics
n =31 (%) n=7(%) n=7 (%) n=5(%) n=12 (%)
E. coli Ciprofloxacin 21 (67.7) 6 (85.7) 4(57.1) 3 (60) 8(66.7)
Meropenem 8(25.8) 2(28.6) 1(14.3) 0(0) 5(41.7)
Tetracycline 19 (61.3) 6 (85.7) 5(71.4) 3 (60) 5(41.7)
Gentamicin 18 (58.1) 4(57.1) 6 (85.7) 3(60) 5(41.2)
Streptomycin 17 (54.8) 3(42.9) 4(57.1) 4 (80) 6 (50)
Imipenem 12(38.7) 4(57.1) 3(42.9) 2 (40) 3(25)
n =24 (%) n=5(%) n=9(%) n=1(%) n=9(%)
S. aureus Ciprofloxacin 13 (54.2) 3 (60) 6 (46.2) 0(0) 4(30.8)
Meropenem 4(16.7) 0(0) 2 (50) 0(0) 2 (50)
Tetracycline 11 (45.8) 1(9.1) 4(36.4) 0(0) 6 (54.5)
Gentamicin 12 (54.2) 1(8.3) 4(33.3) 1(8.3) 5(41.7)
Streptomycin 11 (45.8) 3(60) 2(22.2) 0(0) 6 (66.7)
Imipenem 6 (25) 1(16.7) 3(50) 0(0) 2(22.2)
n=7(%) n=7(%) n=0(%) n=0(%) n=0(%)
P, aeruginosa Ciprofloxacin 4 (57.1) 4(57.1) 0(0) 0(0) 0(0)
Meropenem 2(28.6) 2(28.6) 0(0) 0(0) 0(0)
Tetracycline 3(42.9) 3(42.9) 0(0) 0(0) 0(0)
Gentamicin 3(42.9) 3(42.9) 0 (0) 0(0) 0(0)
Streptomycin 5(71.4) 5(71.4) 0(0) 0(0) 0(0)
Imipenem 2(28.6) 2(28.6) 0 (0) 0(0) 0(0)
n=>5(%) n=3(%) n=0(%) n=0(%) n=2(%)
Salmonella Ciprofloxacin 5(100) 3(100) 0(0) 0(0) 2 (100)
Meropenem 2 (40) 2(66.7) 0(0) 0(0) 0(0)
Tetracycline 4 (80) 2 (66.7) 0 (0) 0(0) 2 (66.7)
Gentamicin 2 (40) 1(33.3) 0(0) 0(0) 1 (50)
Streptomycin 3 (60) 2 (66.7) 0 (0) 0(0) 1(50)
Imipenem 2 (40) 2 (66.7) 0(0) 0(0) 0(0)
n=7(%) n=2(%) n=3(%) n=2(%) n=0(%)
V. cholerae Ciprofloxacin 1(14.3) 0(0) 1(33.3) 0(0) 0(0)
Meropenem 1(14.3) 1(50) 0(0) 0(0) 0(0)
Tetracycline 2 (28.6) 1(50) 0 (0) 1(50) 0(0)
Gentamicin 3(42.9) 1(50) 1(33.3) 1(50) 0(0)
Streptomycin 2(28.6) 2 (100) 0 (0) 0(0) 0(0)
Imipenem 2(28.6) 1(50) 1(33.3) 0(0) 0(0)

Table 7: Antibiotic resistance profile of Pseudomonas aeruginosa isolates from RTE street vended food samples.

Antibiotic used Concentration (pL) Interpretive categories and zone diameter breakpoints (nearest whole mm) No. of isolates /Total isolates
R 1 S R 1 S

Ciprofloxacin 5 <18 19-24 =25 4/7 2/7 1/7
Meropenem 10 <19 20-22 >23 2/7 2/7 3/7
Tetracycline 30 <11 12-14 215 3/7 3/7 1/7
Gentamicin 10 <12 13-14 215 3/7 2/7 2/7
Streptomycin 10 <11 12-14 >15 5/7 1/7 1/7
Imipenem 10 <19 20-22 =23 2/7 2/7 3/7
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Table 8: Antibiotic resistance profile of Salmonella isolates from RTE street vended food samples.
Interpretive categories and zone diameter breakpoints (nearest whole mm)
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Figure 3: Antibiotic susceptibility pattern of E. coli (A), S. aureus (B), P. aeruginosa (C), Salmonella spp. (D) and V. cholerae (E) isolates, to the evaluated antibiotics.
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two isolates were tetracycline, streptomycin, and imipenem
resistant (Table 4, Figure 3E). Three isolates were found to be
multi-drug resistant 42.9% (Table 6).

Discussion

The present cross-sectional analysis of RTE street food from
markets in fifteen different locations showed frequent burden
of food-borne pathogens and occurrence of antimicrobial
resistance against various clinically significant antibiotics.
The chosen food products in our study are among the most
commonly consumed in Delhi, India but the contamination
extent of food safety hazards has been petitely studied, and they
are created in environments where antibiotics are potentially
overused, resulting in the risk of exposing the consumers to
AMR. It is pertinent to state that these two types of food items
are being consumed in the majority of cities in India.

Foodborne illnesses are thought to be significantly
influenced by the chemical and microbiological contamination
of street vended foods [38]. The primary risk factors linked
to RTE street-vended meals are identified as inadequate
infrastructure, poor environmental cleanliness, and improper
food handling [39]. Studies evaluating the hygienic conditions
and methods as well as the microbiological quality of RTE
street vendors’ food sold in mobile establishments are notably
lacking [40].

In the present study, there was a significant correlation
between food category and microbiological quality. An almost
identical ratio between unsatisfactory and satisfactory samples
was obtained. On the flip side, marginal samples were found to
decline as compared to the microbiological quality of RTE foods
(Table 3). Similar to the finding of this study, Dieni et al have
also reported the compromised microbiology quality of food
items from Burkina Faso [41]. There was a noticeable marginal
or unsatisfactory group in 53.3% of the Panipuri (n = 45) and
33.3% of the noodles (n = 15). The product categories with the
highest percentage of marginal or unacceptable products were
either Panipuri’s khatta pani or mashed potato, (Fisher’s exact
test: p > 0.05). The results from this study are in contrast to
the microbiological quality reported in other recent studies of
ready-to-eat foods tested at different global locations where
a much lower proportion of results were interpreted as of
unsatisfactory/potentially injurious microbiological quality
[25].

Similar to a prior study conducted in Kalaburagi, India, the
mesophilic aerobic bacterial count was determined in 96 (60%)
samples out of a total of 160 samples [42]. Numerous variables,
such as environmental conditions favour bacterial proliferation
and the primary concern of sanitary measures to prevent food
contamination. Some studies provide information on the
contamination of RTE meals by bacteria or resistant bacterial
species to educate public health and food safety interventions,
highlighting the significance of RTE foods in the establishment
or re-emergence of microbial hazards to health [43].

Yeast and mold serve as indicators of food hygiene quality
[25] and their presence in food samples not only compromises
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quality but also poses substantial health risks. Molds have the
potential to release secondary metabolites such as mycotoxins,
detrimental substances with adverse effects on the health of
humans. However, the present study showed notable concerns
emerged as yeast and mold exceeded the reference standard
in 76.7 % of samples (Unsatisfactory > 102 cfu/g) indicating
a potential risk to food hygiene safety [44-47]. In addition,
73.3% of Panipuri (n = 45) fall in marginal or unsatisfactory
level. Although it was 86.7% in the case of the noodle sample (n
= 15), this was not significantly different (p > 0.05) compared
to similar research findings [41].

In this study, out of 60 RTE Street vended food samples,
31 (51.7%) E. coli, 7 (11.7%) P. aeruginosa, 24 (40%) S. aureus, 5
(8.3%) Salmonella and 7 (11.7%) Vibrio cholerae were observed.
These results were consistent with the findings from a study
conducted by Yadav et al. in Janakpurdham, Dhanusha. [48].
Food poisoning may result from the contamination of street
foods with these microorganisms kept at room temperature.
Therefore, to prevent foodborne diseases and protect public
health, it is crucial to apply food hygiene and safety measures
that include but are not limited to, good practices, proper
handling, regular monitoring, effective surveillance, setting
and enforcement of regulations, and creating awareness [49].

In the present study, E. coli and S. aureus were identified as
pre-dominant isolated organisms followed by P. aeruginosa,
Salmonella spp., and V. cholerae, which suggest the potential
pathogens accountable for endemic and epidemic disease
outbreaks. Further, studies from Bangladesh, India, and
Ethiopia support the two predominance bacteria prevalence in
street foods [25,50,51].

The conditions in which panipuri is prepared and vended
are the cause of the bacterial contamination. Usually, vending
locations lack running water, so people wash their hands
and dishes in buckets and occasionally without soap. Lack of
food preparation techniques and inadequate hand washing
by food workers may be the cause of the occurrence of E.
coli, Staphylococcus, Klebsiella, and Salmonella spp. Vehicular
transmission, sewage, unsanitary surroundings, and poor
personal hygiene can all contribute to the incidence of P.
aeruginosa as substantial contamination from S. aureus has been
suggested due to poor handling of food [52].

Food handlers are a significant risk factor for foodborne
illness, and an exploratory study conducted in several
Indian states, including Gujarat, Rajasthan, and Karnataka,
found that all street food samples tested exhibited
unsatisfactory microbiological quality. The study also identified
these foods as possible carriers of clinically relevant virulence
Staphylococcus aureus and/or E. coli [53-55].

Although antibiotics have greatly aided in the development
of essential medicines, treatment of bacterial diseases, and
prevention of foodborne infections, many organisms evolved
antimicrobial resistance mechanisms that overcome the
drugs and persist in various environments. The World Health
Organisation (WHO) and national healthcare agencies have
identified a list of AMR “priority pathogens” as a result of
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the worldwide increase in AMR [56]. The complexity and
diversity of AMR in different bacteria that may be associated
with the food we frequently eat at several RTE street food
places were demonstrated by the various investigations.

Addressing this, E. coli has shown a remarkable ability to
become resistant to a broad range of antibiotics. Numerous
investigations have reported this resistance in various E. coli
strains.

Studies have shown that multiple antibiotic classes, such
as aminoglycosides, tetracyclines, phenols, p-lactams, and
sulfonamides observed resistance against E.coli through food,
water, and hand rinse [57].

The current study findings showed, 67.7% (21/31) of the
isolated E.coli were found to be ciprofloxacin resistant, however,
more than 38.7 % (12/31) responded better to meropenem. The
proportion of isolates of multiple drug-resistant (MDR) E. coli
was 51.2% (16/31). The results are consistent with other studies
that were carried out to evaluate AMR [58-60]. According to
Méndez-Moreno et al. [61], E. coli strains obtained from faeces
were susceptible to meropenem.

More than 85 % of MDR isolates were resistant to three or
more antimicrobial classes [62].

Among the 24 S. aureus isolates assessed in the present
study, a comparatively high level of resistance was observed
to ciprofloxacin (54.2%), gentamicin (50%), streptomycin and
tetracycline (45.8%). Conversely, isolated S. aureus exhibited
54.2% susceptibility to meropenem, imipenem, and 45.8%
against tetracycline. The results are in line with other research
on RTE foods offered by street vendors [63]. Likewise, 41.7%
(10/24) isolated S. aureus were found to be MDR. The increased
prevalence of methicillin-resistant S. aureus (MRSA) strains is
the most epidemiologically significant phenomenon linked to
antibiotic resistance in S. aureus. Multidrug-resistant strains
of S. aureus are a major concern in both the hospital and food
production environments because of their high survival rate
(even for several months) [64].

Due to the chronic prevalence of Salmonella spp. infections,
antibiotic resistance in this genus of bacteria was unavoidable.
The highest potential of resistance among the five isolates
of Salmonella was found against ciprofloxacin (100 %) and
tetracycline (80%), which is consistent with the findings of
other researchers in India [65]. Among the isolates, 60% (3/5)
contained MDR Salmonella spp.

According to reports, Pseudomonas species which is
resistant to antibiotics may potentially be found in the food
chain. The present work also highlighted the isolation of P.
aeruginosa from RTE street vended food which presented an
MDR of 42.9%, with resistance to streptomycin (71.4%) and
ciprofloxacin (57.1%). The susceptibility rate of P. aeruginosa to
meropenem and imipenem was 42.9%. Variations in resistance
between Pseudomonas species have also been reported in other
studies [66].
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A steady rise in seawater temperatures brought on by climate
change is the primary cause of an upsurge in Vibrio infections
and their categorisation as emerging foodborne pathogens
[67]. Recently, the recurrent emergence of antimicrobial-
resistant V. cholerae has contributed to treatment failures
[68]. Regarding the results of the present study, V. cholerae
discovered the highest resistance of 42.9% against gentamicin
followed by 28.6% for tetracycline with 57.1% susceptibility to
meropenem. The results are consistent with several research
findings showing the development of antibiotic resistance,
including tetracycline [69]. The present study results show
that 28.6% of the isolated V. cholerae unveiled MDR, which was
in agreement with the data of a similar study [70].

The complexity of AMR and the requirement for all-
encompassing, cooperative strategies at the international level
to address this complicated issue should be emphasised. Urgent
and concerted actions are needed to reduce the risks associated
with AMR across various circumstances, from legislation to
raising public knowledge of responsible antibiotic use.

Conclusion

The pathogens and microbial load identified in the present
investigation are a matter of human health concern because
RTE food consumption has been increasing gradually in parallel
with customers’ shifting food choices, convenience, and cost.

It is essential to remember that even if the food items
seem edible upon initial inspection, they may frequently
contain pathogenic microbes that cannot be seen via the naked
eye leading to product spoilage. Additionally, this study found
that contaminated RTE street foods showed the presence of
antimicrobial resistance microbes collected from street food
serving vendors poses potential health risks to consumers.

Antimicrobial resistance is affecting the global population,
resulting in health and financial losses. The ‘One Health’ concept
is supported by the WHO, under which suitable approaches can
be developed and implemented to control AMR. Prioritising
food safety should be the main goal of efforts to combat AMR
and contamination. This can be done by increasing consumer
and business owner awareness, promoting food safety policies,
putting in place national surveillance systems, and investing
in infrastructure, qualified resource education, and training.
Together, in order to achieve objective 3 (excellent health and
well-being) of the UN sustainable development goals in the
nation, it is also necessary to make sure that premium raw
materials are obtained to ensure customer safety. According
to the study insights and its potential extensions, street food
vendors should undergo ongoing training and standardisation
of food safety procedures, with supervision from the local
governments that control these food service enterprises.
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