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Introduction 
 

Milk, one of the most nutritionally complete 

foods, adds high-quality protein, fat, milk 

sugar, essential minerals, and vitamins to our 

diet. The nutritional components that make 

milk an important part of the human diet also 

support the growth of the microorganisms. So 

this nutrient rich medium could act as vehicles 

of disease transmission and thus is associated 

with disease outbreaks of major proportion. 

Milk and its derivatives are considered as a 

major source of Staphylococcus aureus 

associated diseases in human beings (Zecconi 

and Piccinini, 1998). S. aureus get access to 

milk either by direct excretion from udders 

with clinical or subclinical Staphylococcal 

mastitis or by contamination from the 
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Staphylococcus aureus, is ranked as the third most important cause of food borne illnesses 

in the world. This organism is considered as a pathogen of great concern due to various 

factors like high frequency of acquisition of antibiotic resistance, ability to cause a diverse 

array of life threatening infections and capacity to adapt to different environmental 

conditions. In the current study Staphylococcus aureus cultures were isolated from milk 

heat treated at processes severer than pasteurization (72
0
C for either two or three minutes) 

and were evaluated for their response pattern towards ten antibiotics. Five typical colonies 

were selected from Baird-Parker agar and confirmed as S. aureus through biochemical and 

molecular level tests. All the five isolates obtained were found to be sensitive/intermediate 

to three cell wall synthesis inhibitors: amoxycillin, ceflazidime, cefepime and two protein 

synthesis inhibitors: erythromycin, and tetracycline. Three isolates each were found to be 

resistant to the cell wall synthesis inhibitor ampicillin, and the protein synthesis inhibitor, 

gentamicin. Further, minimum inhibitory concentrations of three antibiotics, ampicillin, 

erythromycin and tetracycline for the isolates were determined. The values ranged from 

0.001µg/ml to 4µg/ml, 0.001µg/ml to 8µg/ml and 0.1µg/ml to 8µg/ml for ampicillin, 

erythromycin and tetracycline respectively. The high heat resistance and antibiotic 

resistance exhibited by S aureus cultures isolated from milk necessitate further studies to 

delineate their mechanisms of resistance. The study also underscores the need for re-

considering the current time temperature combinations recommended for ensuring safe 

milk. 
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environment during handling of raw milk 

(Scherrer et al., 2004; Jorgensen et al., 2005). 

Staphylococci are non-motile, non-spore 

forming facultative anaerobes that grow by 

aerobic respiration or by fermentation. They 

are mesophils with optimum growth 

temperature in the range from 37°C to 40 °C. 

Temperatures higher than 46°C are not 

acceptable for majority of the strains, but 

some may grow up to 50 °C (Medveďová and 

Valík, 2012). However there are reports of 

isolation of heat resistant S aureus from 

different food samples (Beena et al., 2014; 

Montanari et al., 2015; Yaniarti et al., 2017). 

Pasteurization, the process of heating every 

particle of milk to at least 63
o
C for 30min or 

72
o
C for 15sec or to any temperature-time 

combination which is equally efficient in 

approved and properly operated equipment is 

one of the major thermal processes the dairy 

industry relies on to assure the safety and 

quality of the milk. So evidences of any 

pathogens capable of surviving this process 

are of great public health relevance. 

Considering the public health threat posed by 

the prevalence of multiple drug resistance in 

heat resistant strains of S aureus, it was felt 

appropriate to carry out a study to evaluate the 

antibiotic resistance pattern in heat resistant S 

aureus from milk. 

 

Materials and Methods 

 

Isolation, physiological, biochemical and 

molecular level identification of selected 

Staphylococcus aureus isolates 

 

Raw milk samples were subjected to a heat 

treatment of 72
0
C for two or three minutes and 

cooled immediately. A temperature control 

was kept along with the sample to ensure that 

heat treatment of samples was proper 

Appropriate dilutions of the heat treated 

samples were pour plated on Baird-Parker 

agar (HiMedia, Mumbai) and incubated at 

37
o
C for 48 h. Five typical colonies (shiny 

black with an opaque ring, surrounded by a 

clear halo) were randomly selected from the 

plate and subjected to preliminary 

identification tests: Gram staining and catalase 

test. The isolates were stored in nutrient agar 

slants at 4
0
C and activated in nutrient broth to 

carry out further studies. Carbohydrate 

fermentation (Barrow and Feltham, 1993) and 

coagulase tests (tube method, Coagulase 

plasma, HiMedia, Mumbai, as per 

manufacturer’s directions) were also done as 

part of biochemical identification and 

characterization. 

 

For the molecular level identification of the 

isolates, DNA of 24 h old cultures were 

extracted using the HiPurA Bacterial Genomic 

DNA Purification kit (Hi Media, Mumbai) as 

per the manufacturer’s instructions. Fragments 

of the genes of interest were amplified using 

standard PCR protocol using the primers –

Forward primer (Sa442-1, 5’-AAT CTT 

TGTCGG TAC ACG ATA TTC TTC ACG-

3’) and Reverse primer (Sa442-2, 5’-CGT 

AAT GAG ATT TCA GTA GAT AAT ACA 

ACA -3’). The100µl reaction mixture 

comprised of 2 µl each of 0.4µM primers 

(Sigma, USA), 10 µl of 25 mM MgCl2 

(Sigma, USA), 10 µl of PCR 10X assay buffer 

(GeNei), 10µl of dNTPs (10mM), 0.6µl of 

0.05 units/ ml of Taq DNA polymerase 

(Sigma, USA), 59.4 µl of nuclease free water 

and 6 µl of template DNA sample. 

Amplification was carried out in a thermal 

cycler (BIO RAD T100) as follows: initial 

denaturation at 95 °C for 1 min, followed by 

35 cycles each consisting of denaturation at 95 

°C for 1 min, annealing at 56
o
C for 30 sec, 

extension at 72 °C for 45 sec, followed by a 

final five -minute extension step at 72 °C. 10 

µl of the reaction products were resolved by 

electrophoresis in a 1.5% agarose gel 

containing 0.5μg/ml of ethidium bromide in 

1X TAE buffer (Tris Acetate EDTA, 

HiMedia, Mumbai) buffer at 50 V. A 100 bp 

DNA ladder (200pg/µl, HiMedia, Mumbai) 
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was included as a reference. The gel was 

observed and photographed in the Gel 

documentation system (G-BOX, Syngene). 

 

Assessment of antibiotic sensitivity of the 

selected isolates 

 

Disc diffusion assay 
 

The susceptibility of the isolates to different 

antibiotics was determined as per the methods 

of Bauer et al., (1959). For this Mueller 

Hinton agar (MHA, HiMedia, Mumbai) plates 

were prepared and active cultures of isolates 

were swabbed over the surface of the plate. 

Nine different antibiotic discs (Ampicillin (10 

µg), Amoxicillin (10 µg), Amoxyclav (30 µg), 

Ceflazidime (30 µg), cefixime (30 µg), 

Cefepime (30 µg), Oxacillin (5 µg), 

Erythromycin (15 µg), Gentamicin (50 µg), 

Tetracycline (30 µg) and Linezolid (30 µg) 

(HiMedia, Mumbai) were placed over the 

surface of the inoculated plate and incubated 

at 37
0
C for 24 hours. Diameter of the zone of 

clearance developed around the discs were 

measured and recorded. The isolates were 

graded as either resistant/sensitive based on 

the antibiotic sensitivity chart provided by the 

supplier (HiMedia, Mumbai). 

 

Determination of minimum inhibitory 

concentration of selected antibiotics  
 

The minimum inhibitory concentration (MIC) 

for four different antibiotics (Ampicillin, 

Erythromycin and Tetracycline) for the 

isolates were determined using EZY MIC™ 

and HiComb™ MIC strips (HiMedia, 

Mumbai) as per the manufacturer’s 

instructions. For this active culture of isolates 

were inoculated at 1% level to nutrient broth 

and incubated at 37
0
C until an optical density 

of 0.08 at 620 nm was obtained. These O.D. 

adjusted active cultures were swabbed on pre- 

prepared MHA plates, the antibiotic strips 

were then placed on the plates and incubated 

at 37
0
C for 24 hours and read the MIC as the 

concentration where the ellipse intersects the 

MIC scale on the strip. Resistance/sensitivity 

was determined based on the interpretive data 

provided by the manufacturer of the strips. 

 

Results and Discussion 

 

Isolation of S. aureus from heat treated 

milk 

 

On pour plating of milk heat treated at 72
0
C 

for two or three minutes on Baird Parker agar 

medium typical colonies of S. aureus appeared 

as black and shiny with narrow white margins 

and surrounded by clear zone extending into 

the opaque medium (Figure 1). From the 

typical colonies, five were randomly selected 

(Table 1) and subjected to various tests to 

further characterize them. 

 

Physiological, biochemical and molecular 

level characterization of selected isolates 

 

Primary identification of the isolates was 

carried out by Gram staining and catalase test. 

Staphylococcus aureus are gram positive cocci 

which are catalase positive (Barrow and 

Feltham, 1993). All the isolates obtained in 

this work were found to be catalase positive, 

Gram positive cocci in clusters (Fig. 2). When 

streaked on Mannitol salt agar (MSA) all of 

them formed small yellow colonies and were 

presumptively identified as S aureus as the 

growth and production of yellow colonies in 

MSA is regarded as a presumptive tool in the 

identification of S. aureus (Fig. 3, Shittu et al., 

2006).  

 

Development of yellow colonies was 

considered as a characteristic for the 

differentiation of coagulase-positive 

staphylococci from coagulase-negative 

staphylococci (CNS, Duguid, 1989) earlier, 

but now it is known that some CNS can also 

produce yellow colonies on MSA (Zadik et 

al., 2001; Shittu et al., 2006). 
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Carbohydrate fermentation pattern of all the 

five isolates were in agreement with that given 

in Bergey’s manual (Schleifer and Bell, 2009) 

in terms of their ability to ferment maltose, 

mannitol, fructose, sucrose, trehalose (Table 

2).  

 

Fermentation pattern of the sugars xylose, 

raffinose and mannose varied in between 

strains as well as from the Bergey’s manual. 

Surprisingly none of the isolates could ferment 

cellobiose, though it is fermentable as per 

Bergey’s manual. Such variations in 

biochemical reactions of S. aureus isolates are 

reported by El-Hadedy and Abu El-Nour 

(2012). All the isolates were found to be 

coagulase positive (Table 2) on performing the 

tube test indicating the presence of unbound 

extracellular coagulase. 

 

Agarose gel electrophoresis of the PCR 

products revealed the presence of bands 

slightly higher than 100 bp size (Fig. 4). This 

is in agreement with Singh and Prakash (2012) 

who reported 108bp sized PCR products for 

S.aureus when species specific primers as that 

in current study were used.  

 

Isolation and confirmation of the presence of S 

aureus in milk subjected to heat treatments 

exceeding that of pasteurization raises an 

alarm. As observed in the current study other 

studies also reported the isolation of heat 

resistant S. aureus from food samples (Parente 

and Mazzatura 1991; Nema et al., 2007; 

Dewanti-Hariyadi et al., 2011). 

 

Assessment of antibiotic sensitivity of the 

selected isolates 

 

Disc diffusion assay 
 

In general, differences were observed among 

isolates in their antibiotic sensitivity or 

resistance patterns (Fig. 5 and Table 4). Isolate 

1 was found to be sensitive to all tested 

antibiotics except linezolid, one of the protein 

synthesis inhibitors tested. Isolate 3 being 

resistant to four antibiotics (ampicillin, 

amoxyclav, gentamicin and linezolid) was 

identified as the most resistant isolate and 

could be categorized as a multi-drug resistant 

S aureus (resistance to three or more 

antibiotics, Chandrasekharan et al., 2014). 

Isolate 4 was found to be resistant to only one 

antibiotic, ampicillin.  

 

Two isolates, namely isolates 2 and 5 

exhibited resistance to two antibiotics. All the 

isolates were sensitive or intermediate to the 

antibiotics amoxicillin, ceftazidime (a third-

generation cephalosporin), cefapime (a fourth-

generation cephalosporin), erythromycin (a 

macrolide antibiotic) and tetracycline (Table 

3).  

 

It is noteworthy that two out of the five 

isolates were resistant to linezolid, an anti-

MRSA (Methicillin resistant S. aureus) drug 

approved as an alternative to vancomycin for 

infections caused by MRSA.  

 

This observation is markedly different from 

the earlier report of sensitivity of all 

Staphylococcus aureus isolates to linezolid 

(Niveditha and Sujatha, 2015). 

 

Out of the six cell wall synthesis inhibiting 

and four protein synthesis inhibiting 

antibiotics tested, highest number of resistant 

isolates (three each) were obtained for 

ampicillin and gentamicin, a protein synthesis 

inhibiting aminoglycoside.  

 

Considering that the isolates were obtained 

from milk, the comparatively high resistance 

observed against these antibiotics could be due 

to the facts that Staphylococcus aureus is a 

major pathogen associated with bovine 

clinical and subclinical mastitis (Bhatt et al., 

2011; Verma et al., 2018) and these drugs are 

commonly used for mastitis therapy (De 

Oliveira et al., 2000; Manimaran et al., 2014) 
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Fig.1 S. aureus colonies on Baird Parker agar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Microscopic appearance of Gram stained S. aureus 

 

 
 

Fig.3 Growth of Staphylococcus aureus isolates on mannitol salt agar medium 
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Fig.4 Electrophoretic profile of PCR products of S. aureus isolates amplified by the species 

specific primers Sa442-1 and Sa442-2.Lane 1- 100bp marker, Lanes 2-6-Isolates 1-5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Disc diffusion assay for antibiotic susceptibility testing 
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Fig.6 Determination of MIC values using MIC strips 

 

 
 

Table.1 Details of isolates selected 

 

 

Table.2 Carbohydrate fermentation by Staphylococcus aureus isolates 

 

Test Bergey’s 

manual 

Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 

Catalase test + + + + + + 

Carbohydrate fermentation 

Lactose + - - + - + 

Maltose + + + + + + 

Mannitol + + + + + + 

Fructose + + + + + + 

Sucrose + + + + + + 

Trehalose + + + + + + 

Xylose _ + - - - + 

Cellobiose _ + + + + + 

Raffinose _ + - + - + 

Mannose + + - + - + 

Coagulase test +/ + + + + + 

+ - Positive reaction - Negative reaction 

 

Isolate no: Source of isolation 

Isolate 1 Milk heat treated at 72
0
C/ 2 minutes 

Isolate 2 Milk heat treated at 72
0
C/ 2 minutes 

Isolate 3 Milk heat treated at 72
0
C/ 2 minutes 

Isolate 4 Milk heat treated at 72
0
C/ 3 minutes 

Isolate 5 Milk heat treated at 72
0
C/ 3 minutes 
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Table.3 Resistance / Sensitivity of the isolates to the antibiotic tested 

 

a. Cell wall synthesis inhibiting antibiotics 

Sl 

no: 

Antibiotic 

tested 

Antibiotic 

content/di

sc µg 

Isolate

1 

Isolate 

2 

Isolate 

3 

Isolate 

4 

Isolate 

5 

Number of 

resistant 

isolates 

1 Ampicillin 10 S R R R S 3 

2 Amoxicillin 10 S S S S S 0 

3 Amoxyclav 30 S S R S S 1 

4 Ceftazidime 30 S I I I S 0 

5 Cefepime 30 S S I I S 0 

6 Oxacillin 5 S S S S R 1 

 Number of 

antibiotics to 

which the isolate 

was resistant 

 0 1 2 1 1  

b. Protein Synthesis Inhibitory Antibiotics 

1 Erythromycin 15 I I S S I 0 

2 Gentamicin 50 S R R S R 3 

3 Tetracycline 30 S I I I I 0 

4 Linezolid 30 R S R S S 2 

 Number of 

antibiotics to 

which the isolate 

was resistant  

 1 1 2 0 1  

R- Resistant, I – Intermediate, S-Sensitive 

 

Table.4 MICs (µg/ml) of selected antibiotics (determined using E-strips) for S aureus isolates 

and their resistance/ sensitivity (Alphabets in brackets are indicative of: R- Resistant, I – 

Intermediate, S-Sensitive) 

 

Sl no: Antibiotic 

tested  

Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 

1 Ampicillin 0.001(S) 3 (R) 4(R) 0.001(S) 0.01(S) 

2 Erythromycin 0.001(S) 8 (R) 2(S) 0.01(S) 0.001(S) 

3 Tetracycline 3(S) 2(S) 0.1(S) 8(I) 6 (I) 
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Determination of minimum inhibitory 

concentration of selected antibiotics  

 

On determining the minimum inhibitory 

concentration of ampicillin, erythromycin and 

tetracycline for the isolates, marked 

differences were observed in their values for 

different isolates (Table 5). In the case of 

ampicillin, the minimum inhibitory 

concentrations ranged from 0.001 to 4µg/ml. 

For isolates 2 and 3, the resistance patterns 

obtained based on MIC values was in 

agreement with that obtained for disc 

diffusion assay. However in the case of 

Isolate 4, there was difference between the 

results obtained for disc diffusion and MIC 

determination assays which needs to be 

further investigated. The widest range of MIC 

values was obtained for erythromycin: 

varying from 0.001 to 8µg/ml. Different from 

the ‘intermediate resistant’ grading obtained 

for isolate 2 based on the disc diffusion assay, 

it was graded as resistant on the basis of MIC 

value of erythromycin whereas for all the 

other isolates the observations were agreeing 

with each other. In the case of the other 

protein synthesis inhibitor tested, tetracycline 

the MIC values ranged from 0.1 to 8 µg/ml, 

the highest MIC value being similar to that 

obtained for erythromycin (Fig. 6). As 

observed in the disc diffusion assay none of 

the isolates was found to be resistant to this 

antibiotic based on their MIC values. So in 

general, irrespective of some variations 

between the resistance /sensitivity pattern 

derived based on zone of inhibition (disc 

diffusion assay) and minimum inhibitory 

concentrations, majority of the observations 

were comparable with each other. Previous 

studies also reported different levels of 

agreement between E-test and disk diffusion 

in determining antimicrobial sensitivity 

depending on the types of specific organisms 

and antibiotics used in the studies (Erfani et 

al., 2011; Khalili et al., 2012). Such 

variations are also attributed to the type of 

antibiotic discs used due to differences in 

quality of discs from different manufacturers. 

However this does not stand in the current 

study as both were from the same 

manufacturers. So the differences observed 

could be attributed to the differences in the 

isolates. 

 

Based on their MIC values three of the 

isolates, namely 1, 4 and 5 were not found to 

sensitive/intermediate to all the tested 

antibiotics. Isolate 3 was found to be resistant 

to ampicillin and isolate 2 to ampicillin and 

erythromycin. 

 

Exposures to deleterious stresses force the 

stressed bacteria to undergo phenotypic and 

genotypic adaptations in order to reduce the 

impact of these stresses. Some of these 

adaptation mechanisms are found to impart 

cross protection against a range of apparently 

unrelated challenges including resistance to 

antibiotics. However no such cross protection 

effects between heat and antibiotic resistances 

were observed in the current study. Results of 

this work is in agreement with the reports of 

absence of any interrelationship between 

antibiotic resistance and heat resistance in L 

monocytogenes (Walsh et al., 2001) and also 

between laboratory acquired antibiotic 

resistant mutation and heat resistance in 

Salmonella strains (Walsh et al., 2005). 

 

Antibiotic resistance in bacteria is a critical 

problem that is globally recognized. 

Indiscriminate use of antibiotics/antimicrobial 

agents for prophylactic and therapeutic 

purposes is identified as major reasons for this 

threat. Due to their unique ability to quickly 

develop resistance to new antibiotics 

Staphylococcus aureus is widely recognized 

as the best example for the adaptive evolution 

of bacteria in this antibiotic era. Current study 

reports the presence of S aureus in milk even 

after a heat treatment of 72
0
C for 3 minutes. 

This observation itself is of great relevance 
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due to the risk associated with their ability to 

surive pasteurization, a process highly relied 

upon to safeguard the health of consumers. 

The resistance exhibited by the isolates 

against multiple antibiotics makes the 

situation still graver and also reemphasize the 

need for adoption of good agricultural 

/hygienic practices at all levels of production 

and processing to safeguard the health of 

consumers. 
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