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	 Raw meat (Chicken) contains various nutrients such as protein, essential fatty 
acids, minerals, vitamins, and high water content, making it a potential source of foodborne 
bacterial pathogens. This study aimed to evaluate the bacteriological quality of raw meats from 
open markets in Chandigarh, India. Fifty meat samples were collected from local markets in 
Chandigarh and stored at 4 °C. To assess bacteriological quality, a 10-fold serial dilution of the 
homogenate was performed, and the total viable count (TVC) and total coliform count (TCC) were 
determined using plate count agar. Morphological, biochemical, and molecular characterization 
techniques were used to identify bacterial isolates. The mean values of total aerobic count (TAC) 
in raw meat samples ranged between 2.77x10³ CFU/g and 3.19x10t  CFU/g, while the mean TCC 
values ranged between 3.54x10² CFU/g and 5.73x10² CFU/g. The study found a high prevalence of 
Escherichia coli (~80%), followed by Staphylococcus aureus (~58%), Salmonella spp. (~35%), 
Bacillus subtilis (~30%), Micrococcus luteus (~20%), and Pseudomonas aeruginosa (~10%) in 
raw meat. The findings of this study highlight that raw meat samples from open markets carry 
a substantial microbial load, with the presence of various bacterial strains indicating potential 
contamination. This contamination poses a significant risk of foodborne illnesses, especially 
when meat is consumed raw or improperly cooked. 

Keyword: Food borne disease; Microbial pathogens; Raw meat;
Total coliform count; Total viable count.

	 Meat (Skeletal muscles and their 
associated fat) is the flesh of animals, typically 
mammals or birds, which is consumed as food. It 
is a significant source of protein in the human diet 
and is often prepared by cooking, roasting, grilling, 
or other methods before being consumed. Common 
types of meat include beef, pork, lamb, poultry 
(such as chicken and turkey), and game meat. 

Meat has various essential nutrients, including 
protein, iron, zinc, and vitamin B12, making it 
an important part of many diets around the world 
and providing appropriate medium for microbes 
growth.1,2 Contamination of meat easily occurs 
during various stages, including animal processing, 
handling, transportation, and storage.3 Proper food 
safety practices, such as separating raw meat from 
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other foods, storing at the correct temperature, 
and thoroughly cooking it, are essential to 
prevent foodborne illnesses associated with 
contaminated raw meat.4 Additionally, practicing 
good hygiene, such as washing hands and utensils 
after handling raw meat, further reduces the risk 
of contamination.5

	 Foodborne diseases are a significant 
public health issue occurs due to high risk of 
bacterial contamination by several types of 
pathogens that contribute to high morbidity and 
mortality globally.6 Every year, approximately 
600 million instances of foodborne diseases and 
420,000 fatalities are caused by contaminated 
food across the world. Young children under the 
age of 5 staggering 40% of the global burden 
of foodborne diseases. According to the World 
Health Organization (WHO), consuming unsafe 
food leads to the loss of approximately 33 
million healthy life years (DALYs) each year.7 
Globally, bacterial pathogens commonly linked 
to meat include Salmonella spp., Bacillus spp., 
Lactobacillus spp., Staphylococcus aureus, 
Campylobacter jejuni, Listeria monocytogenes, 
Clostridium spp., Yersinia enterocolitica, Brucell, 
Mycobacterium bovis, Aeromonas hydrophila, 
Salmonella species, Campylobacter spp., and 
verocytotoxin-producing E. coli O157:H7 that 
lead to self-limiting gastroenteritis, more severe 
invasive diseases and pose significant public health 
concerns. Additionally, Pseudomonas species are 
known to contribute to meat spoilage, resulting 
in undesirable characteristics such as off-odors, 
off-flavors, discoloration, and gas production.8,9 
Observations have indicated that during the 
processes of slaughter, dressing, and cutting, 
the primary source of bacteria are the animal’s 
exterior and digestive system. However, additional 
sources such as blades, clothes, the surrounding 
air, workers, carts, crates, and equipment also 
contribute to bacterial presence.10 The introduction 
of various species of organisms suggests that under 
typical conditions, a substantial number of potential 
spoilage organisms exist and can proliferate if 
favourable conditions manifest.11 Keeping in mind 
that hygiene practices remain poor along the meat 
production and utilization, the present study was 
done to determine the prevalence of foodborne 
pathogens with special emphasis on Escherichia 
coli (E. coli), Staphylococcus aureus (S. aureus), 

Salmonella spp., Bacillus subtilis (B. subtilis), 
Micrococcus luteus (M. luteus), and Pseudomonas 
aeruginosa (P. aeruginosa) in marketed raw meat 
available in different areas nearby Chandigarh 
(UT), India.

MATERIALS AND METHODS

Sample collection
	 Meat samples (Chicken meat) used 
in the study were collected from various areas 
(villages/colonies) surrounding Chandigarh in 
October month, including Daddu Majra, Dhanas, 
Hallomajra, Kaimbwala, Maloya, and Manimajra 
with poor sanitation and hygienic conditions 
(Figure 1). Total 50 unpacked raw meat samples 
were collected from different retail outlets from 
these regions. Approximately 50 grams of meat 
samples were carefully collected in clean, dry, and 
sterile polythene bags to ensure sample integrity. 
The samples were stored at 4°C to maintain sample 
quality and prevent microbial growth for further 
analysis.
Samples processing
	 The chicken meat  samples were 
meticulously cut into thin, smaller pieces (1x1 c.m.) 
under aseptic conditions to prevent contamination. 
Each analytical portion of meat sample (size: 
1x1 c.m. and weight: 10g) was then placed in 
an individually autoclaved 1.5 ml eppendorf 
tube, followed by the addition of 4 ml of 0.1% 
buffered peptone water (Himedia, India) to support 
microbial analysis. The tubes were centrifuged for 
10 min at 1500 rpm (Eppendorf Centrifuge 5804R, 
Germany), supernatant was collected to spread on 
different media for isolation and characterization 
of different microorganisms.
Bacteriological analysis of samples
	 Total aerobic count (TAC), total coliform 
count (TCC), and isolation of different bacterial 
strains were carried out according to method 
of Bantawa et al.12 Briefly, homogenate sample 
suspensions were prepared in 0.1% buffered 
peptone water (Cat. No.: M028; Himedia, India) 
and then serially diluted tenfold (10{ ² to 10{ t ). 
Subsequently, 0.1 ml aliquots from each dilution 
were inoculated onto specific culture media: 
MacConkey Broth (Cat. No.: MM083; Himedia, 
India) for the cultivation of Escherichia coli and 
Pseudomonas aeruginosa; nutrient broth (Cat. 
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No.: M002G; Himedia, India) for Staphylococcus 
aureus, Bacillus subtilis, and Micrococcus luteus; 
and lactose broth (Cat. No.: M1003; Himedia, 
India) for Salmonella spp. These cultures were 
incubated at 37°C for 24 hours. Three to four 
well-isolated colonies from the primary cultures 
were subcultured onto selective agar media 
for identification: HiCrome™ E. coli Agar 
(Cat. No.: M1285I; Himedia, India) for E. coli; 
Staphylococcus Agar No. 110 w/ Azide (Cat. 
No.: M156; Himedia, India) for S. aureus; Xylose 
Lysine Deoxycholate Agar (Cat. No.: SPH031; 
Himedia, India) for Salmonella spp., Tryptone 
Soya Broth (Cat. No.: M011; Himedia, India) for B. 
subtilis; Mannitol Salt Agar (Cat. No.: SMH118C; 
Himedia, India) for Micrococcus luteus.; and 
Cetrimide Agar (Cat. No.: M024; Himedia, India) 
for P. aeruginosa.
Microscopy  and  co lony  morpho logy 
identification
	 The ini t ia l  character izat ion and 
identification of bacterial isolates involved 
a detailed macroscopic examination of the 
colonies on the plate. This included assessing 
key morphological features such as colony size, 
appearance, edge, elevation, form, consistency, 
odor, opacity, color, hemolysis, and pigmentation. 
These attributes provided essential insights into 
the unique characteristics of each colony. The 
pathogenic bacteria were initially identified using 
Gram’s staining from the colonies.13

Biochemical characterization
	 Biochemical characterization of the 
bacterial isolates was performed by various 
biochemical tests viz. catalase, oxidase, citrate, 
Indole, Methyl red (MR), Voges Proskauer 
(VP), and nitrate reduction were performed for 
identification of bacterial isolates. All assays were 
performed using Cappuccino Sherman’s Manual of 
Microbiology, with some minor modifications.14

Catalase test
	 The catalase test was performed using 
the Cappucino and Sherman’s method. Colonies 
cultured overnight were carefully transferred onto 
a glass slide and treated with 1-2 drops of 3% 
hydrogen peroxide. The appearance of gas bubbles 
on the slide indicated a positive catalase reaction, 
confirming the enzyme’s presence in the sample.15

Oxidase test
	 A thin smear of each isolates was 

prepared on filter paper soaked with tetramethyl-p-
phenylenediamine dihydrochloride and incubated 
for 10-30 min. A color change to deep blue or 
purple indicated an oxidase-positive result, while 
no color change (remaining white) showed an 
oxidase-negative result.15

Citrate test
	 An overnight-grown colony was carefully 
streaked onto a Simmons citrate agar slant and 
incubated at 37°C for 7 days. A color change from 
green to intense blue in the agar indicated a citrate-
positive result, while a lack of color change, with 
the agar remaining green, showed a citrate-negative 
result.15

Indole test
	 The indole test was performed to assess 
the ability of microbes to break down the amino 
acid tryptophan into the organic compound indole. 
Microbial colonies grown on agar were treated 
with Kovac’s or Ehrlich’s reagent. A pink or red 
color indicated indole-positive microbes, while the 
absence of color change showed an indole-negative 
result.15

Methyl red test
	 Microbes were cultured in a sterile 
medium at 35-37°C for 2-5 days. Following 
incubation, a few drops of Methyl Red reagent 
were added to broth. A color shifts to red signified 
a methyl red positive result, while the absence 
of color change indicated a methyl red negative 
result.15

Voges-Proskauer test
	 A pure microbial culture was inoculated 
into MR/VP broth and incubated at 35°C for 24 
to 48 hours. After incubation, a 1 ml sample was 
transferred to a fresh test tube, where 0.6 ml of 
5% alpha-naphthol and 0.2 ml of 40% KOH were 
added. The tube was gently shaken and then left 
undisturbed for 10 to 15 min. A pink-red color at 
the surface indicated a positive result for this test.15

Nitrate reduction test
	 A pure culture of the microbe was 
inoculated into a liquid medium and incubated at 
35°C for 24 hours. After incubation, a 1 ml sample 
was taken and transferred to a fresh test tube. To 
this, 0.1 ml of a freshly prepared test reagent (made 
by combining equal volumes of Solution A-8.0 g 
sulfanilic acid in 1 L of 5 mol/L acetic acid and 
Solution B-5.0 g á-naphthylamine in 1 L of 5 mol/L 
acetic acid) was added. The appearance of a red 
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color within 30 seconds confirmed the presence 
of nitrites, indicating a positive result for nitrate 
reduction.15

Molecular identification of bacterial strains by 
PCR
Genomic DNA isolation and amplification of the 
16S rRNA gene
	 Genomic DNA of bacterial strains 
was extracted from log-phase bacterial isolates 
using the PureLink Genomic DNA Mini Kit 
(Thermo Fisher Scientific, USA) following the 
manufacturer’s instructions. Briefly, the cell lysate 
was treated with lysis buffer, transferred to the 
spin column, and centrifuged at 10,000 × g for 
1 minute at room temperature. Subsequently, the 
collection tube was replaced with a new one, and 
the column was washed twice with 500 ìl of Wash 
Buffer prepared with ethanol. The DNA was then 
eluted with elution buffer (25-50 ìl) and stored at 
“20°C. The purity and quality of each extracted 
DNA were assessed using a NanoDrop 2000C 
spectrophotometer (Thermo Fisher Scientific, 
USA).
	 The full length of 16S rRNA gene was 
amplified through conventional PCR using the 16S 
rRNA primers of isolated bacterial strains (Table 
1). A total reaction volume of 25 ìl was used which 
contained 5ìl (50ng) of genomic DNA, 1.5 ìl (15 
pmol) of each forward and reverse primer, 12.5 
ìl of 2X Master Mix and 6.5 ìl of nuclease free 
water. Then reaction tubes were placed in the PCR 
thermocycler. PCR conditions were set to be as 
follows: initial denaturation for 5 minute at 95oC, 
denaturation of 30 cycles each 1 minute at 94oC, 
annealing for 1 minute at 60oC and extension for 
30 second at 72oC, and final extension at 72oC for 
10 minute. The size of the amplified products was 
checked using 1% (w/v) agarose gel electrophoresis 
and sequenced.16

Antibiotic Sensitivity Test
	 Antibiotic sensitivity assay for bacterial 
isolates is a critical step in determining the 
susceptibility of bacterial or other microorganism 
isolates to specific antibiotics. The procedure 
typically involves exposing the isolated 
microorganisms to different antibiotics under 
different time periods i.e., 1 to 20 days of 
incubation and observing their response to identify 
which drugs are most effective in inhibiting or 
killing the growth of the isolates. 

Disc diffusion assay 
	 Bacterial isolates were tested for antibiotic 
sensitivity using the Kirby Bauer’s disc diffusion 
method on Muller-Hinton agar (MHA) with 
commercially available antibiotic discs. A lawn 
culture of bacterial suspension was prepared on the 
MHA plate’s surface using sterile glass spreader. 
On the surface of the agar plate, antibiotic discs 
impregnated with antibiotics {Ampicillin (10 mcg), 
Amoxicillin (25 mcg), Ciprofloxacin (30 mcg), 
Erythromycin (15 mcg), Metronidazole (5 mcg), 
Streptomycin (15 mcg), and Tetracycline (30 mcg)} 
were placed. The discs release the antibiotic into 
the surrounding agar. The plates were incubated for 
16–18 hours at 37oC. The antibiotics were chosen in 
accordance with NCCLS recommendations. Each 
antimicrobial agent’s zone diameter was measured 
after incubation and compared to the NCCLS chart. 
The zone of inhibition was understood in this way 
as sensitivity (S), Intermediate (I) or resistant (R).17

RESULTS

Assessment of Microbiological Quality
	 This study examined the microbiological 
quality of retail meat in Chandigarh (UT, India) by 
analyzing Total Aerobic Counts (TAC) and Total 
Coliform Counts (TCC). The average TAC values 
of meat samples in this investigation ranged from 
log10 3.44 CFU/g to log10 3.54 CFU/g. The mean 
TCC values ranged from log10 2.57 CFU/g to log10 
2.75 CFU/g (Table 2). The results indicated that 
the greatest total aerobic count (TAC) was found 
in the meat sample from Daddu Majra (log10 3.5 
CFU/g), while the lowest TAC (log10 3.44 CFU/g) 
was recorded in the meat sample from Mani Majra 
(Table 2). The minimum total coliform count 
(TCC) was found in the meat sample from Mani 
Majra (log10 2.54 CFU/g), while the maximum 
coliform count was recorded in the meat sample 
from Kaimbwala (log10 2.75 CFU/g) (Table 2).
Prevalence and Characterization of Bacteria: 
Morphological, Biochemical, and Molecular 
Insights
	 A total of 50 chicken meat samples were 
analyzed for the presence of bacterial pathogens. 
The most frequently isolated bacterial pathogen 
was Escherichia coli, accounting for approximately 
80%. This was followed by Staphylococcus 
aureus (~ 58%), Salmonella spp. (~35%), Bacillus 
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subtilis (~30%), Micrococcus luteus (~20%), and 
Pseudomonas aeruginosa (~10%) as presented 
in Table 3. The statistical analysis revealed no 
significant association between the type of meat 
and the presence of bacterial pathogens S. aureus, 
E. coli, Salmonella, Pseudomonas, Bacillus, or 
Micrococcus (P > 0.05 for all).
	 This study recorded presence of E. coli 
in 80% of the samples, surpassing its prevalence 
in meat samples. The colonies of E. coli exhibited 
a smooth texture, pink color, circular shape, and 
slight elevation (Table 4; Figure 1). Additionally, 
they displayed positive results for the indole test, 
MR test, nitrate test, and catalase test (Table 5). 
The 16s rRNA gene amplification and subsequent 
sequencing of the amplicon revealed that the size 
of the amplified product was approximately 1000 
bp (Figure 2). The 16S rRNA gene sequences of 
E. coli (isolated) were subsequently aligned with 
reference nucleotide sequences available on the 
NCBI using the BLAST tool, thereby confirming 
the presence of E. coli in the meat samples.
	 In this  s tudy,  the prevalence of 
Staphylococcus aureus was notably high, appearing 
in ~58% of the samples, making it the second 
most common bacterium identified. Colonies 
exhibited a striking golden yellow colour, circular 
shape, pinhead-sized colonies, smooth edges, and 
convex elevation (Table 4; Figure 1). Biochemical 
characterization showed that the MR, VP, citrate, 
oxidase, nitrate, and catalase tests were positive, 
which proved that S. aureus was present (Table 
5). Furthermore, we successfully amplified and 
sequenced the 16S rRNA gene from S. aureus, 
resulting in an amplicon approximately 1000 
base pairs in length (Figure 2). After a sequence 
similarity search using the BLAST tool, confirmed 
the presence of S. aureus in the meat sample. 
	 Another potential pathogen, Salmonella 
spp., was detected in approximately ~35% of 
the total meat samples, making it the third most 
prevalent bacterium identified in this study. The 
colonies were characterized by a distinct black 
centre, slightly red coloration, circular shape, entire 
margin, and convex elevation (Table 4; Figure 1). 
Biochemical analysis demonstrated positive results 
for the MR, citrate, nitrate, and catalase tests, 
consistent with the characteristics of Salmonella 
spp. (Table 5). Subsequent molecular analysis 
involving the amplification and sequencing of 
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Table 3. Prevalence of pathogens in raw meat samples

Locations	 No of 			   Prevalence of pathogens (%)
	 sample	 E. coli	 S. aureus	 Salmonella spp.	 B. subtilis	 M. luteus	 P. aeruginosa

Daddu majra	 9	 80.23	 58	 35.49	 31.65	 25.18	 10.22
Dhanas	 7	 78.34	 45.32	 31.45	 28.78	 19.73	 6.03
Hallo majra	 8	 82.35	 56.22	 32.79	 24	 17	 13.45
Kaimbwala	 8	 89.45	 60	 30.81	 34.56	 13.68	 11.72
Maloya	 10	 70	 63.33	 29.3	 30.04	 22.18	 14
Mani majra	 8	 68.89	 59.86	 35.23	 29.23	 23.06	 9.04

Escherichia coli (~80%) followed by Staphylococcus aureus (~60%), Salmonella spp. (~40%), Bacillus subilis. (~35%), 
Micrococcus luteus (~25%) and Pseudomonas aeruginosa (~13%).

Table 4. Morphology of different Bacteria spp. isolated from raw meat sample

Bacterial isolates	 Colour	 Configuration	 Margin	 Elevations

(A) E. coli	 Pink Colonies	 Circular	 Entire	 Slightly raised
(B) S. aureus	 Golden yellow colour	 Circular pin 	 Entire	 Convex
		  head colonies
(C) Salmonella spp.	 Black centre and a slightly 	 Circular	 Entire 	 Convex
	 red coloured
(D) B. subtilis	 White	 Circular lobate	 Irregular 	 Flat
(E) Micrococcus spp.	 usually unpigmented or 	 Circular, smooth	 Entire 	 Convex
	 cream white
(F) P. aeruginosa  	 Opaque colonies	 Circular	 Irregular 	 Flats
			   (undulated)

Table 2. Bacterial counts of raw meat samples from various markets

Locations	 No of 	 Mean TAC 	 Mean Log10	 Mean TCC 	 Mean 
	 sample	 CFU/g		  CFU/g	 Log10

Daddu majra	 9	 3.19x104	 3.5	 5.17x102	 2.71
Dhanas	 7	 3.02x103	 3.48	 4.32 x102	 2.63
Hallo majra	 8	 3.26x103	 3.51	 4.92 x102	 2.69
Kaimbwala	 8	 3.48x103	 3.54	 5.73 x102	 2.75
Maloya	 10	 3.09x103	 3.48	 3.78 x102	 2.57
Mani majra	 8	 2.77x103	 3.44	 3.54 x102	 2.54

N: Number of samples; TAC: Total aerobic count; TCC: Total coliform count; CFU/g: Colony forming units 
per gram

the 16S rRNA gene revealed an amplicon of 
approximately 650 bp (Figure 2). Alignment 
of the obtained sequences with the reference 
nucleotide sequences on NCBI using the BLAST 
tool confirmed the presence of Salmonella spp. in 
the meat samples.
	 Bacillus subtilis, another bacterial 
pathogen found in the meat sample (~30%), 

formed colonies on tryptone soya agar that 
exhibited white coloration and were circular, 
irregular margin, and either flat elevation (Table 
4; Figure 1). Biochemical analysis demonstrated 
positive results for the citrate, oxidase, nitrate, and 
catalase tests, consistent with the characteristics 
of Bacillus spp. (Table 5). Subsequent 16S rRNA 
gene amplification and sequencing, resulted in an 
amplicon of approximately 1000 bp (Figure 2). 
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Table 5. Biochemical test of different Bacterial spp. isolated from raw meat sample

Tests				    Bacterial isolates
	 A	 B	 C	 D	 E	 F
	 E. coli	 S. aureus	 Salmonella spp.	 B. subtilis	 Micrococcus spp.	 P. aeruginosa

1) Indole test	 +ve	 -ve	 -ve	 -ve	 -ve	 -ve
2) MR Test	 +ve	 +ve	 +ve 	 -ve	 +ve 	 -ve
3) VP Test	 -ve	 +ve 	 -ve	 -ve	 +ve	 -ve
4) Citrate test	 -ve	 +ve	 +ve	 +ve	 -ve	 +ve
5) Oxidase test	 -ve	 +ve	 -ve	 +ve	 +ve	 +ve
6) Nitrate 	 +ve	 +ve	 +ve	 +ve	 +ve	 +ve
reduction test
7) Catalase test	 +ve	 +ve	 +ve	 +ve	 +ve	 +ve

Fig. 1. Bacterial isolates from raw meat samples. (A) E. coli, (B) S. aureus, (C) Salmonella spp., (D) B. subtilis, 
(E) M. luteus, and (F) P. aeruginosa

To identify regions of local similarity, obtained 
sequence was compared using the BLAST 
program to reference nucleotide sequences that are 
accessible on the NCBI. This alignment provided 
conclusive evidence of the presence of Bacillus 
spp. in the meat samples.
	 In this study, a bacterial infection 
Micrococcus luteus was found in ~20% of the 
meat samples. When grown on mannitol salt 

agar, colonies generally appeared unpigmented or 
cream-white, with circular, smooth, entire margin, 
and convex forms (Table 4; Figure 1). Micrococcus 
luteus tested positive for MR, VP, oxidase, nitrate, 
and catalase in biochemical tests (Table 5). The 16S 
rRNA gene from Micrococcus luteus was further 
amplified and sequenced, producing an amplicon 
of about 750 bp (Figure 2). The obtained sequence 
was compared using the BLAST program with 
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Fig. 2. Detection of different bacterial strains in meat sample through amplification of 16S rRNA gene by PCR. 
Lane M: 1-kb size DNA marker, Lane 1: Amplification of ~938-bp fragment of 16S rRNA gene of E. coli, Lane 2: 
Amplification of ~917-bp fragment of 16S rRNA gene of S. aureus, Lane 3: Amplification of ~654-bp fragment of 
16S rRNA gene of Salmonella spp., Lane 4: Amplification of ~950-bp fragment of 16S rRNA gene of B. subtilis, 
Lane 5: Amplification of ~709-bp fragment of 16S rRNA gene of M. luteus, and Lane 6: Amplification of ~873-bp 
fragment of 16S rRNA gene of P. aeruginosa

reference nucleotide sequences available on NCBI, 
providing clear evidence that Micrococcus luteus 
were present in the meat samples.
	 Through thorough investigation, P. 
aeruginosa was found in around ~10% of the 
meat samples exhibited a colorless (opaque) 
appearance, with a circular shape, irregular 
margin, and a flat structure colony on centrimide 
agar (Table 4; Figure 1). Biochemical analysis 
revealed positive results for the citrate, oxidase, 
nitrate, and catalase tests, which align with the 
typical characteristics of P. aeruginosa (Table 
5). Following the amplification and sequencing 
process, a 1000 bp amplicon was successfully 
obtained from the isolated P. aeruginosa (Figure 2). 
Aligning the obtained sequences with the reference 
nucleotide sequences on NCBI using the BLAST 
tool provided conclusive evidence of the presence 
of P. aeruginosa in the meat samples.
In vitro antimicrobial activity
	 In an in vitro antibacterial activity test, 
different bacterial strains were found to have 
varying sensitivities to different antibiotics. For 
the disk diffusion test, the presence of clear zone 
around the antibiotic disk suggesting that the 
isolates have antibacterial activity which is able 
to inhibit the growth of the pathogens.

	 Salmonella spp. exhibited high sensitivity 
to ampicillin, with significant inhibition zones 
of 20.45±1.80 mm, while E. coli, S. aureus, P. 
aeruginosa, M. luteus and B. subtilis showed low 
sensitivity. Salmonella spp. and M. luteus were 
highly sensitive to amoxicillin, with inhibition zones 
of 19±3.16 mm and 22±0.40 mm, respectively, but 
E. coli, P. aeruginosa, S. aureus, and B. subtilis 
were less sensitive. E. coli, S. aureus, Salmonella 
spp., and B. subtilis were highly sensitive to 
ciprofloxacin, with inhibition zones between 20.4-
20.8 mm, whereas P. aeruginosa and M. luteus 
showed low sensitivity. M. luteus, and B. subtilis. 
were moderately sensitive to erythromycin, 
with inhibition zones ~19.5 mm, but E. coli, P. 
aeruginosa, S. aureus, and Salmonella spp. showed 
low sensitivity. Only Salmonella spp. showed high 
sensitivity to metronidazole with an inhibition zone 
of 18±0.91 mm; the other bacteria showed low 
sensitivity. S. aureus, Salmonella, M. luteus, and 
B. subtilis were highly sensitive to streptomycin, 
with inhibition zones between 19.37-20.62 mm, 
while E. coli and P. aeruginosa showed minimal 
to no sensitivity. E. coli, S. aureus, and Salmonella 
spp. were highly sensitive to tetracycline, with 
inhibition zones between 17.12-20 mm, whereas M. 
luteus and B. subtilis displayed moderate sensitivity 
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Table 6. Antibiotic sensitivity of different bacteria spp. isolated from raw meat sample

Antimicrobial 	 Symbols  	 Disc 			   Bacterial isolates
Agent 		  Conc. 	 A 	 B	 C	 D	 E	 F
		  (mcg)	 E. coli	 S. aureus	 Salmonella 	 B. subtilis	 Micrococcus 	 P. aeruginosa
					     spp.		  spp.

Ampicillin	 AMP	 10	 R	 R	 S	 R	 R	 R
Amoxicillin	 AMX	 25	 R 	 R	 S	 R	 S	 R
Ciprofloxacin	 CIP	 30	 S	 S	 S	 S	 R	 R
Erythromycin	 E	 15	 R	 R	 R	 I	 I	 R
Metronidazole	 MT	 5	 R	 R	 S	 R	 R	 R
Streptomycin	 S	 15	 R	 S	 S	 S	 S	 R
Tetracycline	 TE	 30	 I	 S	 S	 I	 I	 R

S = Sensitive, I = Intermediate, R = Resistant.

Abbreviation: Ampicillin: AMP; Amoxicillin: AMX; Ciprofloxacin: CIP; Erythromycin: E; Metronidazole: MT; Streptomycin: 
S; Tetracycline: T

Fig. 3. Antimicrobial activity of isolated bacterial strains using disc diffusion assay

and P. aeruginosa showed the least sensitivity 
(Table 6; Figure 3).

DISCUSSION 

	 This study employed a cost-effective 
approach to detect and quantify bacterial microbes 

in chicken meat sourced from five villages/colonies 
in Chandigarh city, India. Total Aerobic Counts 
(TAC) serves as a quality gauge reflecting hygiene 
condition of the slaughterhouse during processing 
and aids in evaluating shelf life.18 According to 
the International Commission on Microbiological 
Specification for Foods (ICMSF), meat is classified 
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as follows: an acceptable bacterial count is 
0-10³ CFU/g, tolerable is 10t - 10u  CFU/g, and 
unacceptable is e”10v  CFU/g. A coliform count 
under 10³ CFU/g poses minimal risk of pathogen 
transmission to consumers.19 These findings align 
with a study by Bantawa et al., which reported 
a higher total aerobic count (log10 8.22 ± 0.14 
CFU/g) and total coliform count (8.13 ± 0.13 
CFU/g) in retail chicken meat samples.12 In a 
comparable study conducted by Julqarnain et 
al. (2022), the bacterial load was maximum of 
log10 9.04 ± 0.26 CFU/gm, while the minimum 
was recorded at LBM-4 with log10 8.30 ± 0.54 
CFU/gm, at the bird market in Mymensingh City, 
Bangladesh. The coliform count reached its peak 
at LBM-2 (log10 6.66 ± 0.80 CFU/gm) and was 
lowest at LBM-1 (log10 5.53 ± 0.38 CFU/gm).20 It 
is reasonable to presume that the microbiological 
community of fresh raw meat in the local market 
of Daddu Majra is significantly contaminated with 
spoilage and pathogenic organisms. A statistical 
analysis did not reveal a significant correlation 
between the coliform count and the type of meat 
(P > 0.05).
	 After microbiological examination of 
meat sample from Chandigarh (UT, India) revealed 
the presence of Escherichia coli, Staphylococcus 
aureus, Salmonella spp., Bacillus subtilis, 
Micrococcus luteus, and Pseudomonas aeruginosa 
bacterial pathogens. This contrasts with an earlier 
investigation conducted on chicken meat in Nepal, 
which found that the predominant bacteria isolated 
included S. aureus (68%), E. coli (54%), Salmonella 
spp. (34%), P. aeruginosa (40%), and Shigella spp. 
(6%).12 In a similar study, Jahan and Siddique 
found that fresh beef samples in Bangladesh were 
contaminated with Staphylococcus spp. (26.7%), 
Klebsiella spp. (20%), Enterobacter spp. (10%), 
and Salmonella spp. (13.3%).21 A study carried out 
in Nigeria revealed that meat samples were found 
to contain E. coli (83.6%), S. aureus (96.3%), S. 
epidermidis (88.8%), Salmonella spp. (42.5%), 
Pseudomonas spp. (62.5%), and Klebsiella spp. 
(80%) isolates.22 The higher occurrence of E. coli 
in meat samples suggests that fecal matter or the 
conditions of the slaughterhouse environment 
may have contaminated the meat during the 
slaughter process. The presence of E. coli serves 
as a marker for hygiene and sanitation, indicating 
a risk of foodborne illness to consumers as well 

as the possibility of other harmful bacteria. The 
percentage of E. coli isolation and identification 
varies significantly, possibly due to differences in 
hygiene levels across various slaughterhouses.23

	 The occurrence of coagulase-positive S. 
aureus can be attributed to substandard hygiene 
practices, which encompass insufficient cleaning, 
improper handling, contamination after processing, 
and cross-contamination especially when meat and 
currency are managed with the same unwashed 
hands.24 S. aureus is a common pathogen that 
cause global foodborne illnesses, often linked 
to improper food handling, especially in meat 
products. In a study conducted from 2011 to 2016, 
researchers found that 35% of 1,850 retail meat 
and meat products in China contained S. aureus. 
The detection of S. aureus bacterium, despite 
relatively low contamination levels, underscores 
the importance of implementing effective food 
safety measures to avert staphylococcal toxicity.25 
Furthermore, 16% of the meat samples sold in 
Casablanca, Morocco were found to be positive 
for coagulase positive S. aureus.26 Similar study 
conducted in Iran, it was found that lamb meat had 
the highest occurance of S. aureus at 68.8% while 
beef samples had a prevalence of 57.5% and camel 
meat had a prevalence of 46.0%.27 A recent study 
analyzed 139 samples of red meat, meat products, 
and seafood from various regions in Libya. The 
findings revealed that 23% of the red meat samples 
were found to be contaminated with various species 
of Staphylococci.28

	 Salmonella spp. is one of the major meat-
associated bacterial pathogens responsible for the 
increased cases of salmonellosis worldwide. A 
study reported that 21% and 53.3% of the retail 
meat samples in the Mekong Delta, Vietnam, and 
Ho Chi Minh City, Vietnam, respectively, were 
contaminated with Salmonella spp.29 Salmonella 
spp. was detected in 11.4% (14/123) of the meat 
samples. Out of the eight chicken samples, 14.5% 
tested positive for Salmonella. Similarly, five 
buffalo samples (13.5%) and one goat sample 
(3.3%) also showed positive results for Salmonella. 
The prevalence of Salmonella was found to be 
3.3% for S. pullorum, 0.8% for S. gallinarum, 
1.6% for S. typhi, 0.8% for S. choleraesuis, and 
4.9% for Salmonella of subgenus I or II group.30 
In another study, Salmonella spp. counts between 
log10 1.3 CFU/g and log10 2.67 CFU/g in chicken 
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meat at super shops in Dhaka, Bangladesh.31 The 
contamination rate is often affected by climate 
and temperature conditions during food storage. 
European and northern Asian countries generally 
experience lower contamination rates due to 
their temperate climates. Conversely, tropical 
regions with higher average temperatures face 
increased risks of Salmonella spp. contamination. 
Discrepancies in prevalence rates between studies 
may stem from unsanitary processing practices 
and inadequate sanitation in meat shops. This 
underscores the lack of awareness among meat 
retailers regarding fundamental hygiene standards 
and guidelines for handling meat.
	 Bacillus cereus is a pathogen associated 
with food that has the potential to induce food 
poisoning.  Foods derived from animals, such as 
meat and meat products, play a crucial role in the 
diet. Therefore, the contamination and proliferation 
of B. cereus in raw meat and its products raise 
significant concerns regarding public health risks.32 
In another study of 1,963 samples from Japan, B. 
cereus was present in 6.6% of raw meat samples 
and 18.3% of meat product samples.33 A previous 
study by Tewari et al. 2015 reported that 29 out 
of the 94 samples analyzed tested positive for B. 
cereus, accounting for 30.9% of the total. In raw 
meat samples, the incidence was 27.8%, whereas 
in meat products, it reached 35%. Interestingly, 
the contamination rate was higher in cooked meat 
samples (35%) compared to raw meat samples 
(27.78%) out of the 40 cooked meat products and 
54 raw meat samples that were tested.32 
	 Micrococcus luteus is a gram-negative 
bacterium found in fresh meat that can spoil 
the food quality. The Micrococcus species is 
responsible for the red color of fermented sausage. 
During fermentation, Micrococcaceae produce 
the enzyme nitrate reductase, which catalyzes the 
conversion of added nitrate to nitrite and eventually 
to nitric oxide. The nitric oxide then reacts with 
myoglobin to give the desired red color of the 
product.34 In this study, 25% of samples have shown 
presence of M. luteus. A study of 68 traditionally 
prepared meat samples from India found 284 
micrococcaceae at a level of 105-107 CFU/g.35  
Another study of beef samples from Opolo Market 
found that M. luteus was the most common bacteria 
isolate, occurring in 55% of samples.36

	 Pseudomonas spp., a group of bacteria 

well-known for their role in food spoilage. 
Pseudomonas spp. are particularly prevalent in 
chicken, where they thrive as part of the natural 
microbiota.37,38 These psychrotrophic bacteria can 
easily proliferate in foods stored under aerobic 
conditions and at low temperatures, making them 
common contaminants in meat, fish, milk, and dairy 
products.39 Out of 320 meat samples tested, 69 were 
found to be contaminated with various species of 
Pseudomonas, including P. lundensis, P. fragi, P. 
oryzihabitans, P. stutzeri, P. fluorescens, P. putida, 
and P. aeruginosa.40 In this study, the presence of 
these bacteria can often be traced back to poor 
sanitation practices in meat shops, unhygienic 
processing methods, and a lack of awareness among 
meat retailers about basic hygiene requirements 
and guidelines for maintaining meat safety.12 In 
the current investigation, inadequate sanitation 
procedures frequently seen in nearby meat stores 
are responsible for the presence of these bacterial 
contamination. Microbial contamination is largely 
caused by factors including unsanitary slaughtering 
and processing practices, improper equipment and 
surface cleaning, and inadequate personal hygiene 
among meat workers. Furthermore, the lack of 
awareness among meat retailers about standard 
hygiene protocols and food safety regulations 
intensifies the problem, underscoring the critical 
necessity for training initiatives and more stringent 
regulatory enforcement to guarantee the safety of 
meat products.

CONCLUSION

	 In this study, the meticulous isolation 
and screening of bacterial strains in meat samples 
collected from various areas in Chandigarh reveal 
a concerning level of bacterial contamination. E. 
coli was detected in 80% of the samples, followed 
by S. aureus in ~58%, Salmonella spp. in around 
~35%, Bacillus subtilis in ~30%, Micrococcus 
luteus in ~20%, and Pseudomonas aeruginosa in 
~10%. The lowest mean values for total aerobic 
count (TAC) and total coliform count (TCC) 
were log10 3.44 CFU/g and log10 2.57 CFU/g, 
respectively. This research emphasizes the 
pivotal role bacteria play in foodborne diseases 
and antibiotic resistance, paving the way for 
deeper investigation and potential public health 
applications of these resilient strains. Markets 
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showed high contamination levels and diverse 
bacterial populations, likely due to varying 
hygienic practices among retailers. To address 
this issue, stringent sanitary and hygienic practices 
must be adopted in broiler slaughterhouses. Our 
findings highlight the need for routine monitoring 
of meat shops, strict enforcement of the Animal 
Slaughter and Meat Inspection Act 2055 (1999, 
India), and awareness campaigns for butchers and 
consumers to ensure better meat quality and safety.
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