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different varieties of meat and meat handlers 
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Abstract 
The present research work was carried out in the city of Navsari, Gujarat State, with the aim to isolate 

and identify Escherichia coli from meat of various species of animals using standard isolation methods 

followed by confirmation with PCR as well judging antibiotic sensitivity pattern of the isolates. During 

the study a total of 270 samples were processed, which included 210 meat samples (comprised of 60 

samples of chicken, and 50 samples each, of chevon, mutton and carabeef) as well as 60 swab samples 

(20 samples each, of butcher’s knives, butchers’ hands and meat chopping board). Among 270 samples 

63(23.3%) yielded growth of E. coli; which included 51(24.28%) from meat and 12(20%) from swab 

samples. The meat variety-wise spread of isolates showed that 14/60 (23%), 11/50 (22%), 8/50 (16%) 

and 18/50 (36%) samples were positive, respectively in case of chicken, chevon, mutton and carabeef. 

Antibiotic sensitivity test of all 63 isolates was performed using 11 antibiotics by agar disc diffusion 

method. The isolates exhibited 100% resistance towards Penicillin followed in descending order by 

Erythromycin (93.7%), Streptomycin (85.71%), Amikacin (77.7%) and Gentamicin (63.49%). An 

intermediate sensitivity/resistance was noticed against Amoxicillin (69.8%). While, the highest 

sensitivity of 92.5% was reported to Tetracycline followed by 84.12% against each, Norfloxacin and 

Ciprofloxacin, 82.5% to Chloramphenicol and, Enrofloxacin showed the least sensitivity of 68.25%. 

 

Keywords: E. coli, meat, antibiotic sensitivity pattern, PCR, swab 

 

Introduction 

Meat is a rich source of protein as well as other nutrients which makes it an ideal medium for 

the growth and proliferation of various bacteria resulting in spoilage of meat tends to food 

borne illness in the consumers. Lack of sanitation, poor post-production storage, careless 

handling of food items, etc. also leads to meat contamination. Uncooked meat found to harbor 

numerous bacterial species including Escherichia coli (E. coli), Enterobacter aerogens, 

Salmonella spp., Staphylococcus spp., Pseudomonas spp., etc. The zoonotic nature of E. coli 

infections can lead to severe food poisoning in humans. (Thanigaivel and Anandhan, 2015) [25]. 

Escherichia coli is responsible for a vast range of diseases in both humans and animals, 

globally. Pathogenic E. coli strains are divided into two groups: extra intestinal pathogenic E. 

coli (EPEC) and intestinal pathogenic E. coli. Septicemia, endovascular infections, deep 

surgical wound infections, pneumonia, newborn meningitis, bacteremia, and urinary tract 

infections are among the illnesses brought on by EPEC strains. (Russo and Johnson, 2000) [18]. 

The six pathotypes of intestinal pathogenic E. coli are: Diffusely Adherent E. coli (DAEC), 

Enteroaggregative E. coli (EAggEC), Enteropathogenic E. coli (EPEC), Enteroinvasive E. coli 

(EIEC), and Verocytotoxigenic E. coli (VTEC) (Torres et al,2010) [26]. 

The VTEC, sometimes referred to as lethal shiga toxin producing E. coli (STEC), which is a 

pathotype of E. coli linked to human food-borne illnesses. Hemolytic Uremic Syndrome 

(HUS), Hemorrhagic Colitis (HC), Thrombotic Thrombocytopenic Purpura (TTP), acute renal 

failure, microangiopathic anaemia, and haemolytic anaemia are serious gastrointestinal 

disorders caused by it that have a considerable impact on public health globally. E. coli 

O157:H7, one of several serologically different strains of VTEC, is the common cause of 

VTEC infections. (Hussien et al, 2019) [11]. 

 

Material and Methods 

The study was carried out in the department of Veterinary Public Health and Epidemiology, 

College of Veterinary science & AH, Kamdhenu University, Navsari from December 2022 to 

May 2023. 
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Sample collection 

Meat samples 

Using random sampling method, total 210 raw meat samples, 

each weighing 100 g, were collected aseptically from meat 

shops located in and around Navsari city; and the carabeef 

samples were procured from Deonar abattoir, BMC, Mumbai. 

The samples were collected in 3 x 4 cm sterile polyethylene 

bags with proper labeling, as mentioned in Table 1. 

 
Table 1: Details of the meat samples 

 

Sr. 

No. 

Type of 

meat 

Nature of the sample 

Total 
Minced 

Breast/Rib 

muscle 

Thigh 

muscle 

Wing 

muscle 
Giblet/Pluck 

1 Chicken 25 15 10 5 5 60 

2 Chevon 20 10 10 - 10 50 

3 Mutton 20 10 10 - 10 50 

4 Carabeef 25 15 5 - 5 50 

Total 90 50 35 5 30 210 

 

Swab samples 

A total of 60 swab samples comprising of 20 samples each, 

from butcher’s hand, butcher’s knife and chopping board 

were collected using commercial sterile cotton swab sticks, as 

mention in Table 2. 

 
Table 2: Details of the Swab samples 

 

Sr. 

No. 

Type 

Source 
Chicken shop Chevon shop 

Mutton  

shop 
Total 

1 Butcher’s hand 10 5 5 20 

2 Butcher’s knife 10 5 5 20 

3 Chopping board 5 10 5 20 

Total 25 20 15 60 

 

Sample processing  

Preparation of meat and swab samples  

Approximately 10 g meat sample was triturated using sterile 

pestle and mortar by addition of 90 ml NSS (1:10 dilution) to 

have homogenate mixture. Ten ml of the sample homogenate 

was mixed in flask containing 90 ml of MacConkey Broth and 

swab samples were inoculated in tubes containing 10 ml of 

MacConkey Broth followed by incubation at 37 °C for 24 hr 

for enrichment. The enriched samples were streaked on 

MacConkey agar plates and incubated at 37 °C for 24 hr. 

Subsequently, the Plates with pink colour colonies were 

selected and re-inoculated on Eosin Methylene Blue (EMB) 

agar plate and incubated at 37 °C for 24 hr. The colonies with 

green metallic sheen were picked up and stored on Nutrient 

agar slant for further studies. 

 

Screening biochemical tests 

The sparse colony from the EMB plates were selected and 

stabbed/streaked on Triple Sugar Iron (TSI) agar and Lysine 

Iron Agar (LIA) and incubated at 37 °C for 18 hr and reaction 

was noted. Based on standard colony morphology and how 

they responded to TSI and LIA agar, the growth was firstly 

subjected to Gram’s staining followed by to catalase, oxidase 

and IMViC tests. The isolates which were catalase positive, 

oxidase negative and IMViC pattern as: +/+/-/- , were 

presumed to be E. coli, and were preserved for further studies. 

 

Confirmation of E. coli by PCR 

DNA Template preparation by boiling and snap chilling 

method 

A microfuge tube (1.5 ml) contained 100 µl of sterile milli Q 

water was added with 2-3 colonies of an overnight-grown E. 

coli culture from MacConkey agar plates, and the suspension 

was heated for 10 min in a boiling water. The microfuge tube 

was immediately placed on ice, and centrifuged at 8000 rpm 

for 5 minutes at 4 °C. The supernatant was utilized as a 

template to detect the E. coli by PCR. 

 

Screening for E. coli by PCR 

The isolates were screened for E. coli by targeting the alr 

gene as oligonucleotide sequence mention in Table 3, as per 

the standard protocol described in the literature reviewed. 

 
Table 3: Primer used for detection E. coli 

 

Target gene Oligonucleotide sequence (5′ → 3′) Amplicon length Reference 

alr 
F: CTGGAAGAGGCTAGCCTGGACGAG 

369 bp Yokoigawa et al (1999) [30], Hegde et al (2013) [10] 
R: AAAATCGCCACCGGTGGAGCGATC 

 

The PCR for amplification of the E. coli was set up in 25 μl 

reaction mixture. Following initial trials with varying 

concentrations of components, the reaction mixture was 

optimized as per Table 4 and the thermal cycling condition for 

identification as mention in Table 5. 

 
Table 4: Concentration of various components of reaction mixture 

 

Sr. No. Components Quantity Final Concentration 

1 DNase-RNase free water 5.5 µl -- 

2 2X PCR master mix 12.50 µl 2X 

3 Forward Primer (Stock contn:100 pmol/µl) 1µl 10 pmol 

4 Reverse Primer (Stock contn:100 pmol/µl) 1 µl 10 pmol 

5 DNA Template 5.00 µl -- 

Grand Total 25.00 µl -- 

 
Table 5: Thermal cycling condition for identification of E. coli by PCR 

 

Target gene 
Simplex PCR for E. coli 

Initial denaturation Denaturation Annealing Extension Final extension 

alr 94oC for 5 minutes 94oC for 30 seconds 56 oC for 45 seconds 72 oC for 45 seconds 
72 oC for 10 minutes 

 Repeated for 30 cycles 
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Antibiotic Susceptibility test 

The isolates were subjected to antibiotic sensitivity test as per 

the guidelines of CLSI, 2017 [8]. 

 

Selection of antibiotics 

For this study 11 antibiotics were selected based on their 

mechanism of action viz. Cell wall synthesis inhibitors: 

Amoxicillin and Penicillin; Protein synthesis inhibitors: 

Amikacin, Chloramphenicol, Erythromycin, Gentamicin, 

Streptomycin and Tetracycline; and DNA gyrase inhibitors: 

Ciprofloxacin, Norfloxacin and Enrofloxacin. The details of 

antibiotic discs used is given in Table 6. 

 
Table 6: Details of antibiotic discs used 

 

Sr. No. Mechanism of Action Antibiotic disc Symbol Concentration (mcg) 

1 
Cell wall synthesis inhibitors 

Amoxicillin AMX 30 

2 Penicillin P 10 units 

3 

Protein synthesis inhibitors 

Amikacin AK 30 

4 Chloramphenicol C 30 

5 Erythromycin E 15 

6 Gentamicin GEN 10 

7 Streptomycin S 10 

8 Tetracycline TE 10 

9 

DNA gyrase inhibitors 

Ciprofloxacin CIP 5 

10 Enrofloxacin EX 10 

11 Norfloxacin NX 5 

 

Results and Discussion 

Isolation and Identification of E. coli 

The standard bacteriological analysis of total 270 samples 

(210 raw meat and 60 swab) following standard protocol, 

which in turn yielded total 63 (23.33%) E. coli isolates, which 

comprised of 51/210(24.28%) from meat and 12/60 (20%) 

from swab samples. 

 

Culture media 

For isolation of E. coli Mac Conkey broth was used as 

enrichment medium, followed by culturing on Mac Conkey 

agar and Eosin Methylene Blue agar as selective and 

differential medium, respectively. The samples were enriched 

in Mac conkey broth (Fig 1), followed by plating on the Mac 

Conkey Agar. The pink color colonies (Fig 2) from selective 

medium were selected and streaked further on EMB agar, 

where colonies showing greenish metallic sheen (Fig3) were 

further confirmed as E. coli by further analysis. 

 

 
 

Fig 1: Turbidity in the enrichment of raw meat sample in Mac 

conkey broth 

 
 

Fig: 2 Pink colored colonies on Mac conkey agar plate 

 

 
 

Fig 3: Greenish metallic sheen colonies on EMB agar plate 
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Fig 4: Gram negative rods under 100x light microscope 

 

Phenotypic and biochemical confirmation 

The suspected colonies grown on EMB agar were further 

subjected to biochemical tests. All the 63 isolates were Gram 

negative rods (Fig4), the isolates displayed acidic/acidic, H2S 

negative (-) and were positive for gas production on the Triple 

Sugar Iron (TSI) (Fig 5). The isolates cultured on LIA showed 

alkaline/alkaline, H2S negative (-) and gas negative (-) (Fig 6). 

They were motile, as expressed on the Mannitol motility 

medium (Fig 7). All the isolates produced Indole, marked 

with the formation of a red/pink ring at the top (Fig 8). The 

Methyl Red test was positive with the red color formation in 

the test tube (Fig. 9). The Vogues Proskauer test (Fig 10) and 

Citrate utilization test (Fig 11) were negative by the all 

isolates except 1(P-16) isolate which utilized citrate. A 

catalase positive test was indicated by bubble formation (Fig 

12) and the Urease (Fig 13) and oxidase tests (Fig 14) were 

negative, indicated by ‘no change in colour’. The nitrate test 

was positive is indicated by pink colour formation (Fig 15). 

All 63 isolates fermented lactose, glucose and mannitol, 

expressed by pink color development; but did not ferment 

inositol, mannose and maltose, marked as ‘no colour change’ 

(Fig 16). The isolates did not hydrolyze gelatin and starch 

(Fig 17 and Fig 18). In the present work, all 63 isolates 

expressed the biochemical characters as described by the 

Edward and Ewing, 1972 [9]. 

 

 
 

Fig 5: Triple sugar iron agar 

A: Negative control 

B: Colour change from read to yellow and gas formation is positive for E. coli 
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Fig 6: Lysine iron agar: alkaline slant and butt 

 

 
 

Fig 7: Mannitol motility test positive 

 

 
 

Fig 8: Indole ring test 

A: Negative control 

B: Positive-pink colour ring formation for E. coli 

 
 

Fig 9: Methyl Red test 

A: Negative control 

B: Positive-change in colour to red for E. coli 

 

 
 

Fig 10: Vogues-Proskauer test 

A: Negative-no change in colour for E. coli 

B: Positive control 
 

 
 

Fig 11: Citrate test 

A: Negative - no change in colour for E. coli 

B: Positive control 
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A: Negative control 

B: Positive -bubble formation for E. coli 
 

Fig 12: Catalase test  Fig 13: Urease test negative for E. coli 

 

 
 

Fig 14: oxidase test 

A: Negative - no colour change for E. coli 

B: Positive control 
 

 
 

Fig 15: Nitrate test 

A: Positive-pink colour formation for E. coli 

B: Negative control 

 

 
 

Fig 16: Sugar fermentation test (change in colour indicates positive reaction) 

A: Inositol(-ve), B: Maltose (-ve), C: Mannose(-ve), 

D: Lactose (+ve), E: Glucose (+ve), F: Mannitol (+ve) 
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Fig 17: Gelatin hydrolysis test 

A: Negative gelatin hydrolysis for E. coli 

B: Positive control 

 

 
 

Fig 18: Starch hydrolysis test negative for E. coli 

 

Barrow and Feltham (1993) [5] identified that 0-15% of E. coli 

were able to utilize citrate. In the present study atypical or 

unusual biochemical character was observed in 1 isolate from 

chicken sample (1.66%) which utilized the citrate similar 

result of 2.34% was reported by Mishra et al (2002) [15] and 

Smrati et al (2000) [23]. 

 

Occurrence of E. coli in meat and meat handlers 

The occurrence of E. coli in meat samples of different animals 

and swab samples by cultural method is given Table 7 and 

Table 8. Out of 270 samples 63 (23.33%) samples were found 

to be positive for E. coli which comprised of 51/210(24.28%) 

from meat and 12/60 (20%) from swab samples. 

 

Table 7: Occurrence of E. coli in the meat samples 
 

Sr. 

No 

Type of 

meat 

Number 

examined 

Number 

positive 

Occurrence 

(%) 

1 Chicken 60 14 23 

2 Chevon 50 11 22 

3 Mutton 50 08 16 

4 Carabeef 50 18 36 

Total 210 51 24.28 

 

It is evident from Table 7 that maximum level of 

contamination with E. coli was noticed in Carabeef, followed 

in descending order by chicken (23%), Chevon (22%) and 

Mutton (16%), with overall occurrence of 24.28 per cent in 

the meat samples. 

Present work noticed 36% occurrence of the pathogen in 

Carabeef, which is in agreement with the findings of Hussien 

et al (2019) [11] who observed E. coli from 0.01 to 43.4% in 

the meat samples they studied. 

In the present study E. coli showed higher occurrence in the 

Carabeef (36%), followed by the chicken (23%). Adesiji et al 

(2011) [1] also reported higher occurrence of 48% and 16%, 

respectively. However, Uddin et al (2018) [27] reported 20.6% 

occurrence of E. coli in the poultry meat samples, which 

slight lower.  

Looking to the chevon, in the present study was 22% samples 

contained E.coli, which is in close proximate to the findings 

of Kumar et al (2022) [13], who reported 24% recovery from 

chevon. Also it fall in between the range of the prevalence in 

chevon from 16.66% to 33.33% noticed by Rathod et al 

(2004) [17]. Though, Sumitha et al (2016) [24] reported E. coli in 

18% chevon samples, which showed lower rate of 

contamination. However, it is in contrast to the findings of 

Adesiji et al (2011) [1], who could not isolate this pathogen 

from 75 chevon samples, expressing extra ordinary hygienic 

practice might be followed at the place of their study.  

The 16% mutton samples in the present study contained E. 

coli which is similar to findings of Kumar et al (2022) [13] who 

obtained the prevalence of 16% in the chevon. 

 
Table 8: Occurrence of E. coli in the swab samples: 

 

Sr. 

No. 
Type of swab 

Number of 

samples 

Number of 

Isolates 

Occurrence 

(%) 

1 Butcher’s hands 20 2 10.00 

2 Butcher’s knives 20 5 25.00 

3 Chopping board 20 5 25.00 

Total 60 12 20 

 

As mentioned in the Table 8, higher level of contamination 

(25%) of E. coli was found on Butcher’s knives and Chopping 

board, while lower level (10%) was evident on Butcher’s 

hands. Ajay (2018) [2] found similar level of contamination on 

knife swab samples (25%), but contrary to the findings of 

chopping board (47.83%), indicating greater risk of 

propagation of E. coli from the chopping board. 

 
Table 9: Over all occurrence based on type of the sample 

 

SN Nature of sample Samples tested Samples positive % value 

1 Minced meat 90 24 26.60 

2 Breast/Rib 50 11 22.20 

3 Thigh muscle 35 06 17.14 

4 Wing 05 03 60.00 

5 Giblet/Pluck 30 07 23.30 

Total 210 51 24.28 
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The contamination of E. coli in Minced meat, Breast/Rib, 

Thigh muscle, Wing and Giblet/Pluck was 26.6%, 22.2%, 

17.14%, 60% and23.3%, respectively, as mentioned Table 9. 

 

Molecular detection of E. coli by PCR 

The traditional diagnosis that rely on pathogen phenotype 

rather than genotype are gradually being replaced by rapid 

molecular techniques. The PCR has increasingly been referred 

for detecting particular bacteria. The PCR, surpassed the 

probe and signal amplification methods as the most popular 

nucleic acid amplification technology for diagnosing 

infectious diseases. 

The isolates which were confirmed by cultural and 

biochemical tests were further subjected to PCR. The DNA 

was extracted using snap chilling and quality of DNA is 

analyzed by gel electrophoresis which did not show any 

shearing was considered as pure. It was subjected to PCR 

following the standard protocols. 

 

 
Lane M: 100 bp ladder, Lane PC: Positive control (E. coli ATCC 25922), Lane NC: Negative 

control (S. aureus ATCC 25923), Lane 1-7: Samples 

 

Fig 19: Representative agarose gel showing PCR amplified product of 369bp for alr gene of E. coli isolates 

 

The isolates were screened for E. coli by targeting the alr and 

all 63 isolates of E. coli and yielded 369 amplicons (Hegde et 

al, 2013) [10] as shown in Fig 19. 

 

Antibiotic Susceptibility  

As the results summarized Table 10, Fig 20 and Fig 21, all the 

63 isolates of E. coli were cent percent resistant to Penicillin, 

followed in descending order by Erythromycin (93.7%), 

Streptomycin (85.71%), Amikacin (77.7%) and Gentamicin 

(63.49%). Whereas, all the isolates were 92.5% sensitive to 

Tetracycline, followed by Ciprofloxacin and Norfloxacin 

(84.12%) each, Chloramphenicol (82.5%) and Enrofloxacin 

(68.25%). Intermediate resistance was exerted in case of 

Amoxicillin (69.2%). 

Table 10: Summary of the Antibiotic susceptibility test 
 

SN Antibiotics S% IM% R% 

1 Penicillin - - 100 

2 Amoxicillin - 69.8 30.15 

3 Ciprofloxacin 84.12 11.11 4.7 

4 Enrofloxacin 68.25 4.76 26.6 

5 Norfloxacin 84.12 - 15.8 

6 Amikacin 11.11 11.11 77.77 

7 Chloramphenicol 82.5 9.5 7.9 

8 Erythromycin - 6.3 93.7 

9 Gentamicin 26.98 9.5 63.49 

10 Streptomycin - 14.28 85.71 

11 Tetracycline 92.5 3.17 4.76 

 

 
 

Fig 20: Anti-microbial susceptibility patterns of E. coli showing zones of inhibition of Amoxicillin, Norfloxacin, Chloramphenicol, Penicillin, 

Ciprofloxacin, Erythromycin 

 

https://www.thepharmajournal.com/


 

~ 2506 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

 
 

Fig 21: Anti-microbial susceptibility patterns of E. coli showing zones of inhibition of Gentamicin, Amikacin, Streptomycin, Tetracycline, Enrofloxacin 

 

Looking to the present findings of Penicillin, results were in 

accordance with the results of Chakravarty et al (2015) [6], 

Sabir et al (2014) [19], Nontongana et al (2014) [16], However, 

the results of present study were contrary to the findings of 

Chandrasekaran et al (2014) [7] and Jeyasanta et al (2012) [12] 

who reported 63% and 82.41% of resistance to Penicillin, 

respectively. The Tetracycline showed highest sensitivity 

similar to the results of Van den Bogaard et al (2001) [28], 

Singh et al (1992) [22], Manna et al (2006) [14], Sharma et al 

(2017) [21] and Yadav et al (2007) [29] while highest resistance 

was shown by Akond et al (2009) [3], Sharada and Ruban 

(2010) [20] and Aksoy et al (2007) [4]. 

 

Conclusions 
Out of 210 meat samples 51 (24.28%) were positive for E. 

coli. The meat species-wise distribution of isolates showed 

that 14/60 (23%), 11/50 (22%), 8/50 (16%) and 18/50 (36%) 

chicken, chevon, mutton and carabeef samples were positive, 

respectively. Of 60 swab samples which includes 20 samples 

each of butcher’s knife, butcher’s hands and chopping board, 

12 (20%) yielded E. coli. The positive samples included 2 

(10%) swab samples from butcher’s hands and 5 (25%) each, 

of butcher’s knives and chopping boards. Observing meat 

type-wise distribution of 51 isolates of E. coli, 24 (26.6%), 11 

(22.22%), 6 (17.14%), 3 (60%) and 7 (23.3%) were obtained 

from minced meat, breast/rib muscle, thigh muscle, wing and 

giblet/pluck, respectively. The higher occurrence was 

observed in minced meat and the least in the thigh muscle. 

The 20 swab samples each, of the Butcher’s hands, knives and 

chopping board were assessed. The occurrence of E. coli was 

20% (12/60) in different swab samples including 2 (10%) 

from Butcher’s hands, and 5 (25%) each, from knives and 

chopping board respectively. On preliminary biochemical 

examination all 62 but one isolates showed characteristic 

IMViC pattern, and 1 isolate from chicken was Citrate 

positive. The antibiogram studies revealed the most effective 

antibiotic agents against E. coli was Tetracycline which 

showed 92.5% sensitivity, followed by Ciprofloxacin and 

Norfloxacin which showed equal magnitude of 84.12% 

sensitivity. All the E. coli isolates exhibited cent percent 

resistance against Penicillin. 
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