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Abstract 
Background: Food poisoning health risk due to the consumption of contaminated food and antibiotic-

resistant bacteria is currently a serious threat of public health.  

Aims: This study aimed to determine the occurrence and antibiogram of Staphylococcus aureus isolated 

from bovine raw and bulk milk samples from pari-urban of Navsari and Surat, Gujarat.  

Methods: A total of 120 samples comprising of fresh raw milk, cattle and buffalo pooled and mix bulk 

milk were collected standard microbiological procedures. Moreover, we evaluated 17 different 

antimicrobial agents on S. aureus for susceptibility and resistant by using D-test.  

Results: Out of the 120 milk samples examined, 40 S. aureus were isolated showed a prevalence of 

33.33% and all isolates were successfully amplified 16S rRNA gene-based PCR. Antimicrobial sensitivity 

test of conformed all 40 isolates indicated phenotypes were completely to moderately resistance to 

Penicillin G followed by Cefixime, Cephotaxime, Methicillin and Oxytetracycline and other antibiotics 

were observed significance high susceptibility to Tylosin followed by Ampicillin, Gentamicin, 

Tetracycline, Chloramphenicol, Ciprofloxacin. All isolates showed a MAR index ranging between 0.06 

to 0.47, after performing the correction for pairs of variables with a statistically significant Pearson 

correlation coefficient showed highest correlation of compounds from same class to other class and high 

correlation were yielded for aminoglycosides, quinolones and beta-lactams.  

Conclusion: This study indicated the potential misuse of antibiotic and public health risks due to 

staphylococcal food poisoning were conditions congenial supports the bacterial growth. 

 

Keywords: Milk, S. aureus, antibiotic resistant phenotypes, MAR index, 16S rRNA 

 

Introduction 

Zoonoses are infectious diseases that naturally be transmitted between animals and humans. 

The severity of these diseases in humans may vary according to the main origin of the 

infection (EFSA, 2008). Raw milk may contain pathogenic microorganisms and play a vital 

role in the transmission of these pathogenic bacteria to humans. Among the most isolated 

pathogenic bacteria in milk that cause disease were Salmonella, Brucella, Listeria, Escherichia 

coli, and Staphylococcus aureus (Vahedi et al., 2013) [47]. 

Urban and peri-urban dairy production plays an important role in fulfilling the increasing 

demand of liquid milk and its products in developing countries. Milk content all essential 

nutrient for human food, which makes it perishable were support the growth of the 

microorganisms (Ajmal et al., 2015) [2]. Recently, due to increase in world population, liquid 

milk demand has been increased tremendously (FAO, 2018) [13]. Foodborne infection risk is 

low in the countries where pasteurization is applied to most milk and its products, but there 

exists a risk with raw milk and its products made with raw milk. S. aureus also constitutes a 

threat to public health due to food safety and antibiotic usage issues and the potential for 

bidirectional transmission of strains between humans and dairy animals (Rainard et al., 2018) 

[38]. Staphylococcus aureus has long been globally seen as normal colonizers of the as normal 

flora of the skin, axilla, and anterior nares of man and animals. Infections due to staphylococci 

are of major importance to veterinary and human medicine. Mortality associated with severe S. 

aureus infections in the developing world far exceeds that in developed countries. The 

epidemiology of this microorganism in animals has gained interest in the last few years back 

due to the increase of infectious processes caused by this pathogen (Jiménez et al., 2013) [23] 

their increasing evidenced zoonotic potentials in people that are in direct contact with these 

animals as well as in their relations (Lozano et al., 2016) [28]. The presence of S. aureus in milk 

and involvement of this pathogen in clinical and subclinical mastitis of dairy animals  
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(Seyoum et al., 2018) [41] and demonstration of S. aureus in 

foods and food products like meat, dairy, eggs, chickens in 

different parts of India (Hachemi et al., 2019) [18] and 

consumers preference ready-to-eat popular food sold in 

market favors to insure the health of consumers. 

Antimicrobial resistance has been found even in antibiotic 

pressure is not exist in previously unexplored environments 

and it has been demonstrated that food can serve as a vehicle 

for transmission of multiple therapeutics agents resistance S. 

aureus to the human population (Founou et al., 2020) [17]. The 

various emerging strains can be differentiated by antibiotic 

susceptibility, resistance phenotypic determinants virulence 

factors and genotyping (Mzee et al., 2020) [31]. The number of 

research focused on the multiple antibiotic resistance problem 

of S. aureus has grown globally, in the last decade suggested 

that this problem is increasing especially in India. The 

development of multiple antibiotic-resistant bacteria due to 

indiscriminate use of antibiotics in animals and poultry 

production is well authenticated for pathogenic bacteria 

(Arenas et al., 2017) [6]. The real extent of the burden of 

antimicrobial resistance of S. aureus is currently unknown 

where intensive surveillance of drug resistance is only carried 

out in a few countries (Shrivastava et al., 2018) [43]. Identical 

elements of antibiotic-resistant genes found in bacteria that 

affect both animals and humans have shown the role of raw 

foods in the dissemination of these resistance genes through 

the food chains and occupational contact with livestock 

(Papadopoulos et al., 2018, Patel et al., 2022) [35, 26]. Indeed, 

the comparison between human isolates and animal-derived 

isolates was performed also in other studies (Kadlec et al., 

2019) [25] suggesting that food, after handling and processing, 

could represent a source of human infection, and for food 

operators a source of food contamination. Keeping in view of 

the public health significance, this study was conducted with 

the aim of isolating, characterizing, determining the antibiotic 

resistant phenotypes and molecular identification of S. aureus 

from bovine raw and bulk milk samples in parts of Navsari 

and Surat, Gujarat. 

 

Materials and Methods 

Study area 

The present study was conducted in part of Navsari and Surat 

District of South Gujarat Province, India. Both district of 

province of Gujarat is most popular for dairy production, 

bordered to the east by Madhya Pradesh and to the south by 

Maharashtra. These parts of the state is semi dry to low humid 

and gradually present a high rainfall. 

 

Sample collection 

For the study and sampling purpose, the simple random 

sampling method was used. Total 120 milk samples were 

collected where 60 samples were raw pooled (mixed cattle 

and buffalo, cattle pooled, and buffalo pooled) milk and 60 

samples from individual animal after treatment with specific 

antibiotics through veterinary doctor from various peri-urban 

and rural areas of district Surat and Navsari from November 

2018 to January 2019. The bulk fresh milk samples were 

collected after the milking and have been pooled and 

collected in sterile milk collection falcon tube to prevent 

spillage and cross contamination.  

 

Isolation and identification of S. aureus 

The samples were processed to isolate and identify S. aureus 

as per the standard methods described in Bacteriological 

Analytical Manual (BAM) (FDA and USDA, 2016) [15] and 

Peacock (2010) [37] with certain modification. 

The milk samples were thoroughly mixed aseptically before 

processing and from each collection tube 1 ml milk was 

drawn with the help of sterile pipette and transferred into 10% 

marked 9 ml enrichment Buffer Peptone water in separate test 

tube. The test tubes to obtained enrich culture were mixed and 

incubate at 37o C for 24 hours. All samples were inoculated 

with the aid of a sterile wire loop onto the surface of prepared 

Baird-Parker agar (Himedia, Mumbai) supplemented with 5% 

egg yolk tellurite emulsion (Baird-Parker, 1962). Discrete 

colonies were further sub-cultured on to freshly prepared 

plates of Mannitol Salt Agar (MSA) medium for selective 

isolation of S. aureus and nutrient agar plates for biochemical 

tests and identification (Njage et al., 2013) [33]. S. aureus 

ATCC 25923 strain was used as a positive control. 

Presumptive morphological identification of the colonies was 

done by observing their individual appearance on the selective 

media that was used for the isolation and Gram reaction. The 

conventional biochemical tests carried out to identify the 

suspected S. aureus colonies were motility test, voges 

proskauer test, catalase test, slide coagulase test, haemolysis 

on blood agar and also performed to detect production of acid 

and gas from Sucrose, Lactose, D-(+)-Maltose, D-(+)- 

Xylose, D-Mannitol in 1% (w/v) Andrade peptone water with 

inverted Durham tubes. 

 

Determination of the antibiogram of the isolates 

The antibiogram of the isolates was determined using the 

Kirby-Bauer agar disc diffusion method as described by the 

Clinical Laboratory Standards Institute (CLSI) (CLSI, 2018) 

[9]. Total 17 antibiotic incorporated discs were chosen 

according to their mode of action and their use in clinical 

therapy. Those that inhibit cell wall synthesis included 

Penicillin, Vancomycin, Methicillin, Cefixime, Cephotaxime, 

Ceftriaxone and Ampicillin. Those that inhibit protein 

synthesis included Tetracycline, Oxytetracycline, Gentamicin, 

Kanamycin, Tylosin, Chloramphenicol and Streptomycin. 

Those that inhibit nucleic acid synthesis included 

Enrofloxacin, Ciprofloxacin and Ofloxacin were tested for 

quality with ATCC - 25922 E. coli and ATCC - 25923 

Staphylococcus aureus as per guidelines of CLSI (2018) [9]. 

An entire of 0.5 McFarland and concentrations of bacteria 

was applied for this goal. 

 

Determination of multiple antibiotics resistance (MAR) 

index 

The multiple antibiotics resistance (MAR) index was 

determined for each of the isolate using the formula: MARI = 

x/y, where “X” is the number of antibiotics to which the 

isolate display resistance and “Y” is the total number of 

antibiotics to which the test organism had been evaluated for 

sensitivity (Tula et al., 2013) [46]. 

 

Molecular Characterization of the isolates 

The bacterium isolated from samples were conferment by 

targeting 16S rDNA gene of S. aureus species using PCR. For 

the molecular level identification of the isolate’s, isolated 

colonies were cultured in Luria-Bertani broth and incubated at 

37ºC for 24 hrs. Then DNA of 24 h old cultures were 

extracted using the mericon DNA Bacteria plus Kit (Qiagen, 

Germany) with some modifications from the manufacturer’s 

recommendations. Fragments of the genes of interest were 

amplified using standard PCR protocol the sequence of first 
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set of primers F - AACTCTGTTATTAGGGAAGAACA and 

R – CCACCTTCCTCCGGTTTGTCACC obtained from 

published work (Maes et al., 2002) [29] was specific for 16S 

rDNA gene of the genus S. aureus species were commercially 

synthesized from Eurofins Genomic, India. 

 

Statistics Analysis 

The results were analyzed statistically using the SPSS 

software for Windows (version 20.0; SPSS Inc., Chicago, IL, 

USA). Statistical significance of the differences in resistance 

was evaluated using the statistical analysis system 

(Hosseinzadeh and Sei, 2014) [20]. The Pearson chi- square test 

was used to determine the statistically significant difference 

between the occurrence of S. aureus and the different sample 

types and the occurrence of S. aureus in fresh and pooled milk 

in different sampling areas. 

 

Results 

In the present study, a total of 40/120 (33.33%) positive 

isolates of Staphylococcus aureus obtained from 120 raw milk 

samples screened (Table 1). The isolates were molecular 

conformed with gene-based PCR assay and conventional 

assay were staining exhibited clusters of grape appearance 

and gram-positive cocci with the ability to ferment mannitol 

and produce golden yellow colour colonies on Mannitol salt 

agar (MSA) and jet black colour colony in BP medium. 

Further biochemical characterization showed positive reaction 

with catalase on 3% hydrogen peroxide, slide coagulase test 

using rabbit coagulase plasma, Motility test, Voges Proskauer 

test, beta haemolysis on blood agar and various sugar 

fermentation test (Himedia, India). The molecular 

confirmation of S. aureus isolates with 16S rDNA gene 

amplified a 750 bp specific amplicon size product (Figure: 1). 

During the present study, all 40 S. aureus isolates were found 

variably resistant to susceptibility the antibiotics tested 

(Figure: 3 and Table: 3). Among the 40 S. aureus isolates 

maximum resistance was observed for completely resistant to 

moderately resistance penicillin (100%) followed by cefixime 

(87.50%), cephotaxime (75%), Methicillin and 

oxytetracycline (57.50%). While practicing the veterinary 

profession were sensitivity of the S. aureus isolates towards 

tylosin (100%) followed by ampicillin (95%), gentamicin 

(77.50%), tetracycline (70%), chloramphenicol and 

ciprofloxacin (67.50%), kanamycin (65%), vancomycin, 

ofloxacin and enrofloxacin (60%), streptomycin and 

ceftriaxone (52.50%). PCR was selected specific and valuable 

method for detection of S. aureus due to its accuracy and 

rapidness, because rapid and proper detection of pathogen is 

necessary. Identification of S. aureus done by using 

amplification of DNA of reference strain of S. aureus and 40 

of isolates from 120 samples showed amplification of the 750 

bp region of the 16S rRNA gene for S. aureus. 

 

 
Lane 1: Molecular marker, 100 plus bp, 

Lane 2- PC: Positive control of ATCC 25923 Staphylococcus aureus DNA 

Lane 3 to 11: S. aureus isolates carrying 16s rRNA gene (750 bp) 

Lane 12 - NC: Negative control (reagents with primers without DNAs), 
 

Fig 1: Specificity of PCR assay of DNA from Staphylococcus aureus sample: 

 
Table 1: The occurrence of S. aureus in relation to the type of milk samples collected from parts of South Gujarat 

 

Type of Milk Sample No. examined No. positive Percentage (%) X2 p-value 

Cow pooled Milk 20 7 35 

0.455 0.994 

Buffalo Pooled Milk 20 7 35 

Mix Bulk milk 20 7 35 

Individual raw milk 60 19 31.67 

Cattle 30 8 26.67 

Buffalo 30 11 36.67 

 
Table 2: The prevalence of S. aureus in raw and bulk milk in relation to the local government areas sampled of South Gujarat 

 

Local Government Areas No. examined No. positive Percentage (%) X2 p-value 

Navsari 49 13 26.53 

1.489 0.685 

Jalalpor 53 22 41.51 

Gandevi 6 2 33.33 

Surat 12 3 25 

Total 120 40 33.33 
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Discussion 

The occurrence of S. aureus (33.33%) in the study area is an 

indication of defective or absence of public health measures 

and poor sanitary habits among the people that are concerned 

with milking, milk handling, and transportation as these have 

been documented to be factors that predisposes milk to 

contamination with pathogens (Akram et al., 2013) [3]. Table: 

2 shows the prevalence (%) of S. aureus obtained from fresh 

and pooled milk in the four sampling areas selected for this 

study. Out of the 120 samples collected during the study, 40 

(33.33%) were found to be contaminated with S. aureus. 

Reddy et al. (2015) [40] and Ramya et al. (2017) [39] who have 

also subjected their bacterium of staphylococci with same 

biochemical tests and observed similar type of reactions. 

The percentage occurrence of S. aureus in bovine raw and 

pooled milk samples was recorded in this study was 33.33%, 

which was higher than below study that 8.7%, 12.14% and 

25.53% recorded by Okpo et al. (2016) [34], Usman and 

Mustapha (2016) and Jahan et al. (2015) [22], respectively. 

Sudhanthiramani et al. (2015) [44] and Deepake et al. (2020) 

[10] reported that prevalence of 39.09% and 34.49% coagulase-

positive S. aureus from the milk samples which is in 

accordance with our study, whereas Bhati et al. (2018) [8] 

reported 54.31% S. aureus isolates confirmed from mastitis 

milk samples, udder and milkers’ hands by 23s rRNA based 

PCR in Rajasthan, India. Akriti et al. (2019) [4] documents the 

prevalence of S. aureus as 66.66% (40/60) in the cattle milk 

samples collected from Vallabhnagar tehsil of Udaipur 

district. Variation in the occurrence of S. aureus may be 

attributed to various factors like sampling design, study 

location and methodology adopted. Table: 2 shows the 

occurrence of S. aureus in relation to the type of milk samples 

collected from parts of South Gujarat, India. 

Statistically significant difference (p>0.05) was found using 

chi-square in the occurrence of S. aureus in fresh and pooled 

milk with respect to the different sample types collected 

during this study, indicating that, the milk samples might have 

been exposed to the same levels of contamination. The 

occurrence of S. aureus in fresh and bulk milk in this study 

may be attributed to the presence of sub-clinical mastitis in 

the milked cows, poor sanitary practices during milking, and 

unclean milking utensils. This is of health risk and public 

health significance since it is a commonly recovered pathogen 

in outbreaks of food poisoning attributed to dairy products. 

Proper heat treatment and refrigeration can minimize the 

chances of contamination with S. aureus (Junaidu et al., 2011) 

[24]. 

Multi drug resistance is now the norm among the Gram-

Positive bacteria like S. aureus is perhaps the pathogen of 

concern because of its intrinsic virulence, its ability to poses a 

problem of public health concern and effectiveness of current 

treatments and ability to control infectious diseases in both 

animals and humans may become difficult. In the present 

study, S. aureus isolates have showed highest resistance to 

penicillin (100%) which agreed with the reports of Khakpoor 

et al. (2011) [26], Thaker et al. (2013) [45] and Jahan et al. 

(2015) [22] who have recorded 100% resistance to penicillin 

among S. aureus isolates. Slightly lower percentage of 

resistance to penicillin than the findings of this investigation 

was observed from the findings of Elemo et al. (2017) [11], 

Can et al. (2017), Yadav (2018) [48] and Fawzy et al. (2017) 

[14] who have reported 87.3%, 81.81%, 82.23% and 73.6% of 

resistance respectively. 

In this investigation resistance to tetracycline was found to be 

a 10% among the isolates of S. aureus which agreed with the 

report Jackson et al. (2013) [21], Shamila-Syuhada et al. (2016) 

[42] and Feng et al. (2016) [16] who found 25%, 5% and 15.91% 

of resistance Tetracycline among the isolates of S. aureus, 

respectively. Intermediate resistance to gentamicin in the 

present study by the isolates of S. aureus was 22.50% which 

agreed with the reports of Momtaz et al. (2013) [31] and 

Mashouf et al. (2015) [30] who found 29.26% and 27.6% of 

resistance in the isolates of S. aureus respectively. Lower 

resistance to gentamycin compared to the present findings 

was observed by Thaker et al. (2013) [45], Tigabu et al. (2015), 

Feng et al. (2016) [16] and Wang et al. (2018) who have 

reported 10%, 2.8%, 9.09%, and 1% respectively. 

The isolates of S. aureus have shown resistance to 

ciprofloxacin, and it was found as 7.5% which agreed with the 

report of Ammar et al. (2016) [5], K Harish et al. (2019) [19] 

and Awad et al. (2017) [7] who have observed 10%, 11.5% and 

14.3% resistance in the isolates of S. aureus. 

Higher resistance compared to the present finding was 

observed by Pati and Mukherjee (2016), Wang et al. (2018) 

and Yadav (2018) [48] who have reported 37%, and 18.8% and 

42.1% of resistance respectively among the isolates of S. 

aureus. This finding is not surprising because, outside the 

animal hospital environment, people have easy access to 

various antibiotics at any drug store without any prescription 

from qualified personnel. 

26 antibiotic resistance phenotypes were obtained, all from 

the multiple resistance types with varying combinations of 

one to eight antibiotics. This finding is in consonance Chaalal 

et al. (2016) who reported cases of multidrug resistance 

among S. aureus isolated from dairy products, respectively. 

100% of the S. aureus isolates obtained in this study had a 

MAR index of 1.6 and above. MAR index gives an indirect 

suggestion of the probable source of an organism (Adesokan 

et al., 2013) [1]. 

In this study, highest Pearson correlation coefficient 

characterized the compounds of the same class to other 

compounds of the same class (i.e. resistance to one beta-

lactam is correlated to resistance to another beta-lactam). As 

expected, high correlation coefficients for aminoglycosides 

(>0.54), quinolones (>0.69) and beta-lactams (1.00) were 

yielded. The shading in Table 8 also clearly indicates the 

pairwise relationship between group of aminoglycosides, 

penicillin, quinolones, tetracyclines and cephalosporins (3rd 

and 4th generation). Such association is reflected by the well-

known occurrence of multi-drug resistance in staphylococcal 

clones (Lindsay et al. 2012) [27]. 
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Fig 2: Multiple Antibiotic Residence (MAR) index of s. aureus isolated from fresh raw and pooled milk in parts of Navratri and Surat, Gujarat 

 

 
 

Fig 3: Showing antibiotic resistance and susceptibility (%) pattern of S. aureus 

 
Table 3: Interpretation chart for antibiotic sensitivity/resistance patterns of isolates 

 

Sr. 

No. 
Antibiotic discs Discs concentration (mcg) 

Diameter of zone of inhibition in mm N = 40 isolates 

Sensitive Intermediate resistant Resistant S (%) I (%) R (%) 

1 Streptomycin (S) 15 ≥15 12-14 ≤11 52.50 45.00 2.50 

2 Vancomycin (VA) 30 ≥17 15-16 ≤14 60.00 27.50 12.50 

3 Kanamycin (K) 30 ≥18 14-17 ≤13 65.00 27.50 7.50 

4 Cefixime (CFM) 5 ≥19 16-18 ≤15 5.00 7.50 87.50 

5 Ofloxacin (OF) 30 ≥26 16-25 ≤15 60.00 35.00 5.00 

6 Ceftriaxone (CTR) 30 ≥23 20-22 ≤19 52.50 27.50 20.00 

7 Tetracycline (TE) 30 ≥15 13-14 ≤11 70.00 20.00 10.00 

8 Oxytetracycline (OTC) 30 ≥26 16-25 ≤15 15.00 57.50 27.50 

9 Gentamicin (GEN) 10 ≥15 13-14 ≤12 77.50 22.50 0.00 

10 Ciprofloxacin (CIP) 5 ≥21 16-20 ≤15 67.50 25.00 7.50 

11 Chloramphenicol (C) 30 ≥18 13-17 ≤12 67.50 32.50 0.00 

12 Enrofloxacin (EN) 10 ≥21 17-20 ≤16 60.00 20.00 20.00 

13 Penicillin G (P) 10 units ≥29 - ≤28 0.00 0.00 100 

14 Ampillicin (AMP) 10 ≥17 14-16 ≤13 95.00 2.50 2.50 

15 Cephotaxime (CTX) 30 ≥26 23-25 ≤22 12.50 12.50 75.00 

16 Tylosin (TL) 15 - - - 100 0.00 0.00 

17 Methicillin (MET) 10 ≥14 10-13 ≤9 33.00 57.50 10.00 

Where: S – Sensitive, I – Intermediate resistant and R - Resistant 

 
Table 4. The antibiotic resistance patterns of S. aureus isolated from raw and pooled milk samples in parts of South Gujarat, India. 

 

Sr. No. No. of antibiotics Resistance pattern No. (%) of Isolates MAR index 
Local Government Area 

N J S G 

1 1 P 3 (7.50%) 0.06 2 1 - - 

2 2 P, CFM 1 (2.50%) 0.12 - - - 1 

3 3 P, CFM, CTX 11 (27.50%) 0.18 4 6 1 - 

4 3 P, VA, CFM 1 (2.50%) 0.18 1 - - - 

5 3 P, CFM, OTC 1 (2.50%) 0.18 1 - - - 

6 3 P, MET, OTC 1 (2.50%) 0.18 - 1 - - 

7 4 P, CFM, OTC, CIP 1 (2.50%) 0.24 1 - - - 

8 4 P, CFM, CTR, CTX 2 (5.00%) 0.24 2 - - - 

9 4 P, CTR, CTX, EN 1 (2.50%) 0.24 - 1 - - 

10 4 P, CFM, CTR, OTC 1 (2.50%) 0.24 - 1 - - 

11 4 P, MET, CFM, CTR 1 (2.50%) 0.24 - 1 - - 

12 4 P, CFM, CTX, OTC 2 (5.00%) 0.24 - 2 - - 
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13 4 P, CFM, CTX, K 1 (2.50%) 0.24 - 1 - - 

14 4 P, MET,CFM, CTX 1 (2.50%) 0.24 - 1 - - 

15 5 P, CFM, CTX, TE, OTC 1 (2.50%) 0.29 - - - 1 

16 5 P, CFM, CTX, EN, OTC 1 (2.50%) 0.29 1 - - - 

17 5 P, VA, CFM, TE, EN 1 (2.50%) 0.29 1 - - - 

18 5 P, MET, CFM, CTX, OTC 1 (2.50%) 0.29 - 1 - - 

19 6 P, CFM, CTX, AMP, OTC, EN 1 (2.50%) 0.35 - 1 - - 

20 6 P, CFM, VA, CTX, EN, CIP 1 (2.50%) 0.35 - - 1 - 

21 6 P, CFM, CTX, TE, K, S 1 (2.50%) 0.35 - 1 - - 

22 6 P, VA, CFM, CTR, CTX, EN 1 (2.50%) 0.35 - 1 - - 

23 6 P, CFM, CTR, CTX, CIP, OF 1 (2.50%) 0.35 - 1 - - 

24 6 P, CFM, CTX, OTC, CIP, OF 1 (2.50%) 0.35 - 1 - - 

25 6 P, CFM, CTR, CTX, K, S 1 (2.50%) 0.35 - 1 - - 

26 8 P, VA, CFM, CTR, CTX, OTC, TE, CIP 1 (2.50%) 0.47 - 1 - - 

P - Penicillin G, CFM - Cefixime, CTR – Ceftriaxone, CTX - Cephotaxime, MET - Methicillin, VA- Vancomycin, K-Kanamycin, S- 

Streptomycin, EN -, AMP - Ampicillin, CIP - 

Ciprofloxacin, OF – Ofloxacin, OTC - Oxytetracycline, TE – Tetracycline N - Navsari, G - Gandevi, S - Surat, J - Jalalpor 

 
Table 5: Pearson Correlation coefficient between antimicrobial susceptibility profiles of over 40 S. aureus isolate from bovine raw milk 

 

 P VA MET CFM CTR CTX AMP TE OTC GEN K TL C S EN CIP OF 

P 1.000                 

VA 0.110 1.000                

MET 0.236 0.076 1.000               

CFM -0.029 0.260 0.191 1.000              

CTR 0.529** 0.156 0.288 0.154 1.000             

CTX 0.284 -0.029 0.289 0.402* 0.423** 1.000            

AMP 0.284 -0.029 0.289 0.402* 0.423** 1.000** 1.000           

TE 0.061 0.161 0.348* -0.044 -0.125 -0.038 -0.038 1.000          

OTC 0.012 0.070 0.348* -0.074 -0.044 0.031 0.031 0.537** 1.000         

GEN 0.370* 0.310 0.093 0.329* 0.553** 0.354* 0.354* 0.090 0.053 1.000        

K -0.191 0.103 0.427** 0.021 0.133 -0.102 -0.102 0.153 0.165 0.162 1.000       

TL -0.051 -0.236 -0.050 -0.185 -0.045 -0.156 -0.156 -0.076 0.204 -0.031 0.216 1.000      

C 0.201 -0.179 0.222 -0.264 0.384* 0.052 0.052 0.241 0.291 0.083 0.252 0.046 1.000     

S 0.126 0.354* 0.537** 0.403** 0.274 0.257 0.257 0.400* 0.440** 0.322* 0.304 0.036 0.401* 1.000    

EN 0.017 0.293 0.272 0.417** 0.287 0.390* 0.390* 0.301 0.293 0.378* 0.125 -0.120 0.252 0.597** 1.000   

CIP 0.055 0.338* 0.347* 0.204 0.298 0.171 0.171 0.397* 0.336* 0.376* 0.359* -0.065 0.333* 0.668** 0.622** 1.000  

OF 0.228 0.179 0.183 -0.183 0.317* 0.076 0.076 0.175 0.122 0.311 0.351* 0.155 0.226 0.138 0.354* 0.393* 1.000 

All shaded cells report statistically significant correlations, P – Penicillin G, AMP - Ampicillin, VA - Vancomycin, MET - Methicillin, CFM - 

Cefixime, CTR - Ceftriaxone, 

CTX - Cephotaxime, TE - Tetracycline, OTC - Oxytetracycline, GEN - Gentamicin, K - Kanamycin, TL - Tylosin, C – Chloramphenicol, S - 

Streptomycin, CIP - Ciprofloxacin, OF – Ofloxacin, EN – Enrofloxacin 

**. Correlation is significant at the 0.01 level (2-tailed) *. Correlation is significant at the 0.05 level (2-tailed). 

 

Conclusion 
This study attempted to provide baseline information for the 
prevalence and antibiotics resistance of S. aureus in fresh raw 
and pooled milk from apparently healthy bovines in South 
Gujarat, Gujarat. Rapidly emerging multi-drug resistant of S. 
aureus pose a serious threat to public health and make 
treatment failure quite imminent, therefore Indian countries, 
including Gujarat, should consider having efficient control 
over misuse of antibiotics. The use of antibiotics in animal 
husbandry as growth promoters must be discouraged as this 
enhances antibiotics-resistance among S. aureus. Bringing 
awareness among the public about the harmful effects of 
multi drug resistant microflora is another important objective 
for the scientists to protect the humans from these super bugs. 
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