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Abstract
The aim of this research was to show the pattern of S. aureus bacteria isolated from raw milk from two dairy 
farms in Surabaya against antibiotics oxacillin, penicillin, amphicillin, chloramphenicol, and gentamicin. 
The study used purposive sampling method. About 72 samples isolated on Mannitol Salt Agar media (MSA) 
from the result which identified as Staphylococcus sp was 14 (19.44%) showed the positive samples on 
coagulase test. Antibiotic disk used i.e oxacillin, penicillin, amphicillin, chloramphenicol, gentamicin by 
using Kirby Bauer method. Inhibiton diameter zone measured at millimeter to determined a sensitivity level 
of antibiotic. The result showed about 14 (100%) of samples was resistant to Antibiotic oxacillin type, 14 
(100%) of samples was resistant to penicillin, 9 (64,2%) samples was resistant, and 5 (35,7%) of samples 
was sensitive to amphicillin, 14 (100%) of samples was sensitive to chloramphenicol, and 14 (100%) of 
samples was sensitive to gentamicin. These results will open up our view that cooking milk is important to 
eliminate the danger of S. aureus isolates which present in milk and have potential hazards to public health. 
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Introduction

Staphylococcus aureus is a pathogenic bacteria 
that usually causes mastitis in dairy cows, can cause 
economic losses for dairy farmers (1). The incidence 
of mastitis caused by S. aureus bacteria is the highest 
incidence rate(2, 3). For a long time S. aureus has been 
a causative agent of mastitis, besides that the bacteria 
can also cause food borne disease (FBD), because these 
bacteria can contaminate processed dairy products during 
processing, it is caused by hygiene factors from workers, 
equipment that used less sterile, the environment also 
affects the sanitation of the cage that is not good (1).

The use of antibiotics is a step of choice in treatment 
in cases of infections caused by bacteria known as the 

drug of choice, because one mechanism of action of 
antibiotics is to damage the bacterial cell wall, so that the 
bacteria can die. Recorded from some documentation 
about S. aureus for antibiotics has two relevant effects, 
the first is the reduction in cure rates after treatment, 
and the second is the potential impact of transmission of 
resistant bacteria to humans through the food chain (3, 4).

Antibiotics that are usually recommended in animal 
husbandry include β-lactam, tetracycline, and macrolide 
groups. However, the β-lactam group is most often used 
in the treatment of mastitis (5), due to S. aureus bacteria 
can produce β-lactamase. Therefore, almost all isolates 
of S. aureus bacteria are resistant to penicillin class 
antibiotics, it is caused by β-lactamase which can break 
the β-lactam ring found in penicillin group (6, 7).

In Surabaya, the number of cases of subclinical 
mastitis required treatment of antibiotic treatment, so 
we need data on antimicrobial patterns, especially from 
beta lactam antibiotics as the main antibiotics for the 
treatment of mastitis. Therefore, this study was to identify 
S. aureus antimicrobial resistance isolated from raw cow 
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milk samples from two dairy farms in Surabaya, East 
Java, Indonesia based on antibiotic sensitivity testing 
and to understand patterns of antimicrobial resistance. 

Materials and Methods

Sample collection

Thirty eight milk samples were taken from 
Kaliwaron Farm, and thirty four milk samples were 
taken Bendul Merisi Farm during the morning milking 
time. 10 ml of milk samples in test tubes collected from 
different farms were used for isolation of S. aureus by 
streaking on the MSA isolation media were incubated 
37oC for 24 hrs. The appearances of yellow coloured 
colonies were subjected to grams staining (8). 

Identification of Staphylococcus aureus

The presence of MSA was assessed by Catalase 
test by addition of 3% hydrogen peroxide on the yellow 
coloured colonies. The appearance of gas bubbles 
revealed the presence of S. aureus (Fig. 1). The catalase 
test was performed by inoculating the yellowish colonies 
in nutrient brooth, incubated at 37oC for 24 hrs followed 
by addition of 1 ml rabbit plasma and evenly mixed and 
incubated for 24 hrs. The clotting of plasma confirms the 
presence of S. aureus, as shown Fig.2 (9). 

Antibiotic sensitivity test

The antibiotic sensitivity test for S.aureus 
was carried out as per Kirby-Baurer method using 
Oxacillin, Penicillin, Amphicillin, Chloramphenicol and 
Gentamicin (Fig. 3) (10). 

Results and Discussion

The results of isolation and identification on 
72 samples of raw milk from 2 dairy farms in 
Surabaya revealed at 14 (19.45%) positive samples of 
Staphylococcus aureus (Tabel 1.). Fourteen positive 
samples for Staphylococcus aureus were subjected to 
antibiotic sensitivity test using five antibiotics and the 
results are presented in Table 2. 

Figure 1. S. aureus catalase test shows positive 
presence of bubbles 

Figure 2. The positive S. aureus coagulase test has a 
lump in plasma 

Figure 3. Zones of inhibition of antibiotic sensitivity test on the K2 sample
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Note : OX= Oxacillin; P= Penicillin; AMP= Amphicillin; C= Chloramphenicol;

CN= Gentamicin 

Table 1. Presence of Staphylococcus aureus from milk samples in Surabaya, Indonesia.

Location of farm Sample size (+) S. aureus

Kaliwaron (K) 38 7

Bendul Merisi (B) 34 7

Total 72 14

Table 2. Results of measurement of antibiotic sensitivity test on S. aureus 

Sample code
Antibiotic disk inhibition zone diameter in mm

Oxacillin Penicillin Amphicillin Chloramphenicol Gentamicin

K2 28(R) 18(R) 29(S) 31(S) 30(S)

K3 27(R) 16(R) 29(S) 27(S) 26(S)

K13 19(R) 19(R) 18(R) 24(S) 22(S)

K16 0(R) 18(R) 20(R) 28(S) 30(S)

K28 0(R) 0(R) 19(R) 26(S) 18(S)

K29 0(R) 0(R) 19(R) 28(S) 27(S)

K33 27(R) 21(R) 16(R) 31(S) 19(S)

B1 26(R) 0(R) 21(R) 30(S) 27(S)

B12 22(R) 18(R) 18(R) 28(S) 31(S)

B13 27(R) 26(R) 19(R) 30(S) 26(S)

B17 26(R) 17(R) 42(S) 26(S) 30(S)

B19 26(R) 19(R) 40(S) 27(S) 29(S)

B25 22(R) 18(R) 12(R) 27(S) 30(S)

B27 28(R) 18(R) 40(S) 29(S) 28(S)

Note : R = resistant; S = sensitive 

Based on the results of the S. aureus resistance test 
against several antibiotics, there were 14 (100%) samples 
resistant to oxacillin antibiotics, 14 (100%) samples 
were resistant to penicillin, 9 (64.2%) samples were 
resistant and 5 (35.7%) samples sensitive to amphicillin, 
14 (100%) samples were sensitive to chloramphenicol, 
and 14 (100%) samples were sensitive to gentamicin.

Oxacillin, penicillin, and amphicillin belong to 
the β-lactam antibiotic class. Β-lactam antibiotics are 
antibiotics that are often used in the treatment of mastitis 

in dairy cows. This antibiotic has activity in S. aureus 
through the interaction of three heavy molecules and 
one light molecule in penicillin binding proteins. The 
function of penicillin binding protein has an effect on the 
synthesis of peptidoglycan cell walls and cell growth. 
Β-lactam antibiotics bind to and inhibit penicillin binding 
protein (PBPs) which is an enzyme for Peptidoglycan 
synthesis (6, 11).

According to Quinn et al., (2002) stated that beta-
lactam antibiotics have the ability to inhibit bacterial 
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growth by influencing the process of bacterial cell wall 
synthesis(12). The mechanism of action of β-lactam 
antibiotics starts with penicillin binding protein (PBPs) 
in bacteria. Obstruction of bacterial cell wall synthesis 
occurs because the process of transpeptidation between 
the peptidoglycan chains is disrupted, then the activation 
of proteolytic enzymes in cell walls (13).

Resistance that occurs with oxacillin, penicillin and 
amphicillin antibiotics in S. aureus from fresh cow’s 
milk in Surabaya is probably due to the presence of PBP 
4 gene. PBP 4 gene is a PBP group that has a low BM 
and is associated with β-lactam antibiotic resistance, and 
possibly PBP 4 causes the ability to tolerate β-lactam 
antibiotics. The nature of PBP 4 causes penicillin 
deacylates about 10-20 faster than PBPs with high BM. 
This is possible because PBP 4 binds oxacilin, penicillin 
and amphicillin at higher concentrations. Some PBP 4 
molecules that are not bound to the concentration level 
that has been binding to PBP 2a molecules will tolerate 
β-lactam antibiotics given (6, 14). Resistance to β-lactams 
that occur can be caused by S. aureus being able to 
produce β-lactamases which can break down β-lactam 
rings or the expression of PBP 2a which has a low 
affinity for oxacillin or other β-lactams. The resistance 
of S. aureus bacteria to lactam β group antibiotics is 
caused by this broad-spectrum antibiotic, both in vivo 
and in vitro and against a large number of Gram positive 
and Gram negative bacteria (15, 16).

Β-lactam antibiotics in this study showed that 
Oxacillin and penicillin were no longer effective for 
the treatment of S. aureus infections because based 
on the results of the study 14 samples were resistant 
to these antibiotics. Whereas amphicillin also showed 
the same thing even though there were 5 samples that 
were still sensitive in samples B17, B19, B27, K2, and 
K3. Samples that are sensitive to β-lactam show that 
β-lactamase is still able to hydrolyze the β-lactam ring 
which can cause sensitivity (17).

Gentamicin antibiotics are very well used because 
14 samples are sensitive with 100% effectiveness for 
S. aureus. Gentamicin is an aminoglycoside class of 
antibiotics. Gentamicin has a sugar group (glycoside) 
that is bound to the NH2 (amino) group by a mechanism 
of action that binds irreversibly to the ribosome 30s sub 
unit of bacteria, namely by inhibiting or preventing cells 

from making proteins properly and causing errors in the 
translocation of the genetic code (18, 19) .

The results also showed that 14 samples were 100% 
sensitive to the antibiotic Chloramphenicol, making 
it very effective for S. aureus. Chloramphenicol is an 
antibiotic group that can inhibit the growth of bacteria 
with a broad spectrum of work against S. aureus 
bacteria. Chloramphenicol works by breaking the 
binding of new amino acids in the peptide chains that 
begin to arise, largely because Chloramphenicol inhibits 
peptidyl transferase in the process of protein production. 
Chloramphenicol is primarily bacteriostatic and the 
growth of microorganisms begins again when drug 
administration is stopped (20, 21).

The overall discussion of this study is that β-lactam 
antibiotics can still be the first choice for the treatment 
of S. aureus infections, but it is necessary to be aware of 
the resistance and transfer of antibiotic resistance that 
occurs in bacteria. The use of alternatives for treatment 
using Chloramphenicol and Gentamicin is highly 
recommended because it is very sensitive and effective 
for treatment, also provides information that in animal 
products namely raw cow’s milk in Surabaya has the 
potential for food borne disease (FBD) through S. aureus 
bacteria. 

Conclusion

Based on the research results it can be concluded 
that 14 (100%) samples are resistant to oxacillin, 14 
(100%) penicillin resistant samples, 9 (64.2%) resistant 
samples and 5 (35.7%) amphicillin sensitive samples, 
14 (100%) chloramphenicol sensitive samples, and 14 
(100%) gentamicin sensitive samples. These results 
will open up our view that cooking milk is important to 
eliminate the danger of S. aureus isolates present in milk 
and have potential hazards to public health. 

Designation : 

Wiwiek Tyasningsih as an associate professor on 
Universitas Airlangga

Lingga Pulung Wijanarka as an undergraduate 
student on Universitas Airlangga

Indra Raja Syahputra as an undergraduate student 
on Universitas Airlangga 



Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4      4091

Mustofa Helmi Effendi as an associate professor 
on Universitas Airlangga, 

Ethical Clearance: Raw milk were used in this 
study, hence ethical clearance was not necessary. Raw 
milk samples were collected from two dairy farms in 
Surabaya, East Java province, Indonesia. 

Source of Funding: Mandat Research Grant, 
Universitas Airlangga 

Conflict of Interest: Nil 

References
1.	 Effendi, M.H. and Harijani, N. Cases of Methicillin-

Resistant Staphylococcus aureus (MRSA) 
from Raw Milk in East Java, Indonesia. Global 
Veterinaria 2017.19 (1): 500-503 

2.	 Guler, L., U. Ok., K. Gunduz., Y. Guicu., H.H 
Hadimli. Antimicrobial Susceptibility and 
Coagulase Gene Typing of Staphylococcus aureus 
Isolated from Bovine Clinical Mastitis Cases in 
Turkey. J.Dairy.Sci. 2005. 88:3149 – 3154. 

3.	 Schmidt, T., Kock, M. M., and Ehlers, M. M. 
Diversity and antimicrobial susceptibility profiling 
of staphylococci isolated from bovine mastitis 
cases and close human contacts. Journal of Dairy 
Science. 2015. 98 (9): 2 – 14. 

4.	 Tenhagen, B. A., Koster., G. Wallmann., J. and 
Heuwieser. W. Prevalence of mastitis pathogens 
and their resistance against antimicrobial agents in 
dairy cows in Brandenburg, Germany. Journal of 
Dairy Science. 2006.89(7):2542-2551. 

5.	 Sawant, A. A. Descriptive and Molecular 
Epidemology of Antibiotic Resistant Gram 
Negative Enteric Bacteria from Dairy Cattle 
[Thesis]. The Pennsylvanis State University:USA. 
2005.

6.	 Effendi M. H., Hisyam M. A. M., Hastutiek P., 
Tyasningsih W. Detection of coagulase gene in 
Staphylococcus aureus from several dairy farms in 
East Java, Indonesia, by polymerase chain reaction, 
Vet. World, 2019. 12(1): 68-71. 

7.	 Landers, T.F., Cohen, B., Wittum, T.E., and Larson, 
E.L. A Review of Antibiotic Use in Food Animals: 
Perspective, Policy, and Potential. Public Health 
Rep., 2012. 127(1): 4–22. 

8.	 Effendi, M. H., Oktavianto, A and Hastutiek, P. 
Tetracycline Resistance Gene In Streptococcus 

Agalactiae Isolated From Bovine Subclinical 
Mastitis In Surabaya, Indonesia. Philipp. Journal 
of Veterinary Medicine. 2018. 55 (SI): 115-120. 

9.	 Tyasningsih, W., Effendi, M. H., Budiarto, B., 
and Syahputra, I. R. Antibiotic Resistance to 
Staphylococcus aureus and Methicillin Resistant 
Staphylococcus aureus (MRSA) Isolated from 
Dairy Farms in Surabaya, Indonesia. Indian 
Veterinary Journal. 2019. 96 (11) : 27 – 31. 

10.	 CLSI. M100 Performance Standards for 
Antimicrobial. 27th ed. Clinical and Laboratory 
Standards Institute, USA. 2017.

11.	 Jamali, H., Paydar, M., Radmehr, B., Ismail, S., 
and Dadrasnia, A. Prevalence and antimicrobial 
resistance of Staphylococcus aureus isolated from 
raw milk and dairy products. Food Control, 2015. 
54: 383-388. 

12.	 Quinn, P. J., Markey., B. K. Carter., M. EDonley., 
. W. J. and Leonard. F. C. Veterinary Microbiology 
and Microbial Disease. Blackwell Publishing. 
Great Britain. 2002. Pp.43-46.

13. 	 Fournier, C., Kuhnert, P., Frey, J., Miserez, R., 
Kirchhofer, M., Kaufmann, T., Steiner, A. and 
Graber, H.U. Bovine Staphylococcus aureus: 
Association of virulence genes, genotypes, and 
clinical outcome. Res. Vet. Sci. 2008. 85(3): 439-
448. 

14.	 Rahmaniar RP, Yunita MN, Effendi MH, Yanestria 
SM. Encoding Gene for Methicillin Resistant 
Staphylococcus aureus (MRSA) Isolated from 
Nasal Swab of Dogs. Indian Veterinary Journal. 
2020 . 97 : 37 – 40. 

15.	 Elsayed, M.S., El-Bagoury, A.M. and Dawoud, 
M.A. Phenotypic and genotypic detection of 
virulence factors of Staphylococcus aureus isolated 
from clinical and subclinical mastitis in cattle and 
water buffaloes from different farms of Sadat city 
in Egypt. Vet. World, 2015. 8(9): 1051-1058. 

16.	 Fiscbbacb M. A., and Walsb C. T. Antibiotics for 
Emerging Pathogens. American Association for 
the Advancement of Science. Science, 2009. 325 
(5944): 1089-1093. 

17. 	 Jagielski, T., Puacz, E., Lisowski, A., Siedlecki, P., 
Dudziak, W., Międzobrodzki, J. and Krukowski, H. 
Short communication: Antimicrobial susceptibility 
profiling and genotyping Staphylococcus aureus 
isolates from bovine mastitis in Poland. J. Dairy 
Sci.,2014. 97(10): 6122-6128.



4092      Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

18. 	 Ateba CN, Mbewe M, Moneoang MS, Bezuidenhout 
C.C. Antibiotic resistance Staphylococcus aureus 
isolated from milk in Mafikeng Area, North West 
province, South Africa. S Afr J Sci, 2010. 106 (11-
12): 243-248. 

19.	 Thaker, H. C., Brahmbhatt, M. N., and Nayak, J. 
B. Isolation and identification of Staphylococcus 
aureus from milk and milk products and their drug 
resistance patterns in Anand, Gujarat. Veterinary 

World. 2013. 6 (1) : 10-13.
20. 	 Shryock TR, Richwine A. The interface between 

veterinary and human antibiotic use. Ann N Y Acad 
Sci, 2010. 1213: 92-105. 

21.	 Sasidharan, S., Prema, B., and Latha, Y. L. 
Antimicrobial drug resistance of Staphylococcus 
aureus in dairy products. Asian Pacific Journal of 
Tropical Biomedicine. 2011. 1 (2): 130-132. 


