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ABSTRACT 

A total of 315 samples comprising of raw milk, traditional sweets, frozen milk products and hand swabs were col- 

lected from retail shops and vendors from the Mathura district of Uttar Pradesh, India. The prevalence of Staphylococcus 

aureus and methicillin resistant S. aureus (MRSA) was found to be 78.0%, 21.3%, 15.0%, 32.7 % and 24.0%, 6.6%, 

5.0% and 16.3% in retail raw milk, traditional sweets, frozen milk products and hand swabs, respectively. The overall 

prevalences of S. aureus and MRSA were 31.1% and 10.7% from all the studied sample sources. The confirmed MRSA 

isolates were analysed for biofilm formation capability by three different methods, namely: Tissue culture plate (TCP), 

Tube method (TM) and Congo red agar (CRA) assay, and strong biofilm forming MRSA was detected by these methods 

in 61.7%, 38.2% and 20.5% samples, respectively. The tissue culture plate method was found to be the most sensitive 

assay of the three. The strong biofilm forming MRSA strains (n=21) were analysed to find the minimum inhibitory con- 

centration (MIC) values against eugenol by the microdilution method. The MIC values of eugenol ranged from 3.125 

to 0.190 (v/v) for the MRSA strains. The antibiofilm effect of eugenol on the established biofilms of the MRSA strains 

was evaluated after challenging with MIC and 2×MIC concentrations of eugenol of 0.19 and 0.39 (v/v). After treatment 

with eugenol, at the 0.19 (v/v) concentration, the Optical Density (OD) values decreased and ranged from 0.612 to 0.912, 

while at the 0.39 (v/v) concentration, the OD values decreased and ranged from 0.301 to 0.663. Under Scanning electron 

microscopy (SEM) analysis, the MRSA biofilms treated with MIC and 2×MIC of eugenol showed loss of cell-to-cell 

connections, disruption of the organized structures of the biofilms, loss of normal morphology, the surface became rough 

and the bacterial cells collapsed, possibly due to exudation of the contents. The outcomes of MIC and SEM revealed that 

eugenol had a remarkable antibiofilm effect on the biofilm of the MRSA strains. This study concluded that eugenol oils 

exert remarkable antibiofilm effects on MRSA biofilms and can be applied to the surfaces of equipment, food containers, 

utensils and other materials to inhibit the growth of MRSA biofilms. 
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Introduction 

The Staphylococcus aureus bacterium is nor- 

mally found as a commensal, present on the skin 

and in the upper respiratory tract of animals and hu- 

mans (VERMA et al., 2023). Milk and milk prod- 

ucts can harbour multiple varieties of food-borne 

pathogens, such as S. aureus, Shigella like toxin 

producing Escherichia coli, Salmonella and me- 

thicillin resistant Staphylococcus aureus (MRSA) 

(KAHRAMAN et al., 2024). In last two decades, 

the presence of MRSA has often been reported in 

milk and milk-based products worldwide (KHAIR- 

ULLAH et al., 2024). S. aureus is an important 

food-borne pathogen that has the ability to form a 

biofilm over the surfaces of equipment and dairy 

utensils, and secrete different types of enterotoxins 

that cause food intoxications in humans (PATEL 

and RAWAT, 2023). Biofilm is a community of mi- 

croorganisms encased in a matrix of extracellular 

polysaccharide (EPS) (MISHRA et al., 2020). The 

attachment of biofilm- forming food borne patho- 

gens such as S. aureus and MRSA to food contact 

surfaces in food processing plants and local food 

manufacturing units raises the risk of contamina- 

tion by these organisms in milk and milk products 

(WORMANN et al., 2023). 

Nowadays, antibiofilm agents are used to erad- 

icate the biofilms produced by food-borne patho- 

gens, and may be natural or synthetic (GÓMEZ-SE- 

QUEDA et al., 2020). A list of natural compounds 

derived from plants with antibiofilm properties is 

available in the literature that are capable of dis- 

rupting pre-formed biofilms and are more efficient 

than their chemically synthesized counterparts, 

with fewer side effects (JAFRI and AHMAD, 

2021). These are environmental-friendly and effec- 

tive alternatives to disinfectants, and are necessary 

to reduce the microbial load and the emergence of 

antimicrobial-resistant bacterial strains in food-re- 

lated environments (MILLEZI et al., 2019). To 

maintain food safety and preservation, plant essen- 

tial oils (EOs) with antimicrobial properties are a 

promising alternative (CALO et al., 2015). One of 

the essential oils, clove and its phyto-compound 

eugenol (4-allyl-2-methoxyphenol) have antimi- 

crobial, anticarminative, and antispasmodic prop- 

erties, and are also used as preservative and coating 

agent to increase the quality of foods (SHARIF- 

MEHR et al., 2019). At present, biofilm formation 

caused by foodborne pathogens is a serious issue 

that leads to spoilage of food, as well health prob- 

lems in consumers. Therefore, this study was de- 

signed to observe the antibiofilm effects of eugenol 

on MRSA isolated from milk, milk-based products 

and human hands. 

 

Materials and methods 

Sampling. A total of 315 samples comprising 

retail raw milk (n=50), traditional sweets (Burfi 

(n=40), Peda (n=40), Milk cake (n=40) and Dudhi 

halva (n=30)), frozen milk products (ice cream and 

kulfi; n=60) and hand swabs (n=55) were collect- 

ed from retail shops and vendors in nearby regions 

of the Mathura district of Uttar Pradesh, India. The 

samples were brought in chilled condition and pro- 

cessed within 24 hrs, for isolation and identifica- 

tion of S. aureus according to the standard microbi- 

ological techniques (KOU et al., 2021) with slight 

modifications. 

Isolation and identification of S. aureus. The 

samples of milk (1ml), milk products (25g) and 

hand swabs were enriched in 9 ml, 250 ml and 5 ml 

buffered peptone water (BPW) at 37°C for 24 hrs 

(HiMedia, India), respectively. The loopful culture 

growth from the BPW was streaked on Baird Park- 

er agar and incubated at 37°C for 24 hrs. Staphy- 

lococcus spp. produced specific jet black coloured 

colonies over this agar A single jet black coloured 

colony per positive sample was picked and streaked 

on mannitol salt agar (MSA) and incubated at 37°C 

for 24 hrs. On MSA staphylococci produced gold- 

en yellow colonies surrounded by a yellow zone. A 

single colony was picked from the MSA, streaked 

on nutrient agar slant, incubated at 37°C for 24 hrs, 

and stored at 4°C until further processing. 

Molecular detection of S. aureus. After bio- 

chemical confirmation, the S. aureus were further 

subjected to monoplex PCR for screening of the 

housekeeping nuc gene according to the procedure 

given by BRAKSTAD et al. (1992) and the details 

of the primer are given in Table 1. 

Detection of methicillin resistant S. aureus 

(MRSA). For screening the MRSA, the Antibiotic 
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sensitivity test (ABST) and selective plating on 

MeReSa Agar were used according to the proce- 

dure given by BAUER et al. (1966) and BHAT- 

TACHARYA et al. (2016), respectively. A methi- 

cillin disc (5 µg) was used, and isolates with a zone 

of inhibition ≤21 mm were categorised as MRSA. 

Further ABST positive strains were streaked over 

a MeReSa Agar Base (HiMedia) and strains that 

produced pink-coloured colonies on MeReSa agar 

were identified as MRSA. Phenotypically con- 

firmed MRSA was subjected to monoplex PCR 

for detection of the mec A gene according to the 

method of TIWARI and SEN (2006) and the primer 

details are given in Table 1. 

Biofilm production by phenotypic assays. 

MRSA isolates were observed for biofilm forming 

capacity in vitro by three different assays, viz. Con- 

go red agar (CRA) assay, the Tube method (TM) 

and Tissue culture plate (TCP) assay. In the CRA 

assay, black coloured colonies with a dry crystalline 

consistency on CR agar indicated biofilm produc- 

ers, whereas colonies showing a red colour were 

considered non-biofilm producers (PANDA et al., 

2016). In TM, a visible film lining the wall and the 

bottom of the tube were considered to demonstrate 

a positive reaction and a strong biofilm former 

(CHRISTENSEN et al., 1985). In the TCP assay, 

the OD values were considered as an index of bac- 

teria adhering to the surface and forming biofilms. 

Strains were classified into three categories: weak 

biofilm producers, when ODc < OD ≤ (2×ODc), 

moderate biofilm producers, when (2×ODc) < OD 

≤ (4×ODc), and strong biofilm producers, when 

(4×ODc) < OD (RODRIGUEZ-LAZARO et al., 

2018). 

Screening of the biofilm forming gene (bap) in 

MRSA isolates. Biofilm formers MRSA isolates 

were screened for biofilm forming bap (biofilm 

associated protein) gene. Monoplex PCR was con- 

ducted according to CUCARELLA et al. (2004) 

and the primer details are depicted in Table 1. 

Determination of minimum inhibitory concen- 

tration (MIC) of eugenol. The broth microdilution 

method was used to determine the MIC of eugenol 

according to the guidelines given by CLSI (2019). 

) Isolates of MRSA were inoculated in Muller 

Hinton broth (MHB) overnight at 37°C then fur- 

ther, fresh MHB was used to make a 10 fold dilu- 

tion which was incubated at 37°C until the expo- 

nential phase was attained. Eugenol was diluted 

serially two-fold in 0.1% (v/v) Dimethyl sulfox- 

ide (DMSO) to prepare concentrations of eugenol 

ranging from 0.01 to0.04%. In the microdilution 

method, 96 well plates were used and they were 

all loaded with 200 μl mixture containing 100 μl 

MHB with the culture and 100 μl of diluted oil 

in different concentrations. The solubility of the 

eugenol was increased by DMSO. A bacterial sus- 

pension with 5×105 colony forming units (CFU/ 

ml) was added to each well, which was confirmed 

by the total viable count. Positive control wells 

were created without eugenol and with only ATCC 

S.aureus 25923 culture, while negative control 

wells were without bacteria and with only media. 

The plates were incubated at 37°C for 24 hrs. OD 

was measured as 600nm and MIC was calculat- 

 

Table 1. Primer details for housekeeping (nuc), antibiotic resistance (mecA) and biofilm forming (bap) 

genes 

     

 
nuc R 

 
3’AGCCAAGCCTTGACGAACTAAAGC5’ 

267 BRAKSTAD 

et al. (1992) 

2. mecA F 5’GTAGAAATGACTGAACGTCCGATGA3’ 310 TIWARI and SEN 

 mecA R 5’CCAATTCCACATTGTTTCGGTCTAA3’  (2006) 

3. bap F 5’CCCTATATCGAAGGTGTAGAATTGCAC3’ 971 CUCARELLA et 

bap R 5’GCTGTTGAAGTTAATACTGTACCTGC3’ al. (2004) 
 

 

S. No. Targeted 

gene 

(F/R) 

Primer sequences Amplicon References 

size (bp) 

1. nuc F 5’GCGATTGATGGTGGATACGGTT3’  
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ed as the lowest concentration of eugenol without 

visible growth. 

Antibiofilm effect of eugenol on established 

MRSA biofilms. Crystal Violet microtiter plate as- 

say was performed using the procedure given by 

CHRISTENSEN et al. (1985) with slight modifi- 

cations. MRSA isolates were inoculated in Tryp- 

tic soya broth (TSB) medium at 37°C for 12 hrs 

and diluted to 1:200 with fresh sterile TSB medi- 

um containing 0.5% glucose. They were dispensed 

into 96 well plates to grow biofilms over 24 hrs. 

Further, the biofilms washed with PBS were chal- 

lenged with the MIC of eugenol for 6 hrs at 37°C. 

Thereafter, the medium was discarded and the wells 

were washed with sterile PBS at least 3 times, and 

stained with 50 μl crystal violet (0.1%) for 15 min- 

utes at 37°C. The CV stains attached to the biofilms 

in the wells were dissolved with 200 μl of ethanol 

and the OD value was observed at 570 nm using 

a spectrophotometer (Eppendorf). The experiment 

was repeated in triplicate to obtain the mean value 

under each treatment. 

Statistical analysis. The chi-square test was 

used to compare the efficacy of different biofilm 

forming methods, and the OD values for different 

concentrations of eugenol were calculated as the 

means of individual experiments performed in trip- 

licate and compared with those of the control group 

(0%) by one way analysis of variance (ANOVA) 

using SPSS (ver. 16). 

Scanning electron microscopy (SEM). SEM 

was performed to observe the effect of eugenol 

on the integrity, structure and other morphologi- 

cal changes of the MRSA biofilms. First, a single 

colony was inoculated into 5 ml of TSB and incu- 

bated at 37°C for 12 hrs. The bacterial culture was 

matched with 0.5 McFarland and further diluted to 

100 times, with a range of bacterial cells of from 

105 to 106 cells per ml. A cover slip of 1 cm diam- 

eter was placed at the bottom of 24 well plates and 

each well was filled with 1.8 ml of TSB supple- 

mented with sucrose (1% w/v) and 200 μl of bacte- 

rial inoculum, and incubated for 24-48 hrs at 37°C. 

Thereafter, the wells were rinsed 3 times with 2 ml 

of PBS to eliminate non-adherent bacteria. Then 

the established biofilms were challenged with fresh 

media containing eugenol (0.39 v/v and 0.19 v/v) 

and further incubated for 6 hrs. The plate was gen- 

tly washed three times with sterile PBS to remove 

the planktonic cells. Pre-fixing of samples was per- 

formed by immersion in 2% glutaraldehyde in 0.1 

M phosphate buffer. The samples were treated with 

gradient ethanol (30%, 50%, 70%, 90% and 100%) 

(CUI et al., 2020). The antibiofilm effect of euge- 

nol was observed under a Scanning electron mi- 

croscope (JEOL-JSM 6510 LV), at the University 

Sophisticated Instruments Facility (USIF), AMU, 

Aligarh, Uttar Pradesh, India. 

 

Results 

Isolation of S. aureus. A total of 98 presump- 

tive S. aureus were isolated from 315 samples (a 

single colony was taken from each positive sample) 

and phenotypically confirmed by production of jet 

black coloured colonies on Baird Parker agar and 

golden yellow colonies on MSA, and by a series 

of biochemical tests. The prevalence of S. aureus 

was found to be 78.0% (39/50), 21.3% (32/150), 

15.0% (9/60) and 32.7% (18/55) in retail raw milk, 

traditional sweets, frozen milk products and hand 

swabs, respectively with an overall prevalence of 

31.10% in all studied sources (Table 2). All the 

phenotypically confirmed isolates were nuc gene 

bearers, thus the house keeping gene was present 

in all the S. aureus isolates with a prevalence of 

100.0% (Table 2). 

Phenotypic and genotypic detection of MRSA. 

Further, phenotypically and genotypically con- 

firmed S.aureus isolates (n=98) were subjected 

to antimicrobial sensitivity testing against methi- 

cillin (5 μg) using ABST, and the results showed 

that 34.6% (34/98) isolates were resistant to me- 

thicillin, showing a zone of inhibition less than 

or equal to 21 mm diameter, while the interme- 

diate and sensitive scores for methicillin were 

36.7% (36/98) and 28.57% (28/98), respectively. 

Methicillin resistant ABST positive isolates also 

produced pink coloured colonies over MeReSa 

agar and were further phenotypically confirmed 

as MRSA. Thus, in some sources, the prevalence 

of MRSA was found to be 24.0% (12/50), 6.6% 

(10/150), 5.0% (3/60) and 16.3% (18/55) in retail 

raw milk, traditional sweets, frozen milk prod- 
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ucts and hand swabs, with an overall prevalence 

of 10.7% (34/315). The percent positivity of the 

mecA gene was 41.6%, 30.0%, 33.3% and 33.3% 

in retail raw milk, traditional sweets, frozen milk 

products and hand swabs, with an overall positiv- 

ity of 35.29% (Table 2). 

Biofilm production by phenotypic assays. In the 

CRA assay, 20.5% (7/34) MRSA produced black 

coloured colonies on CRA and were found posi- 

tive, while 79.4% (27/34) of the isolates produced 

red coloured colonies and were negative for CRA. 

In TM, 38.2% (13/34) isolates produced slime on 

the bottom and walls of the tubes, and were cate- 

gorized as strong biofilm formers. The remaining 

isolates produced slime either on the bottom or the 

wall, and were considered moderate 2.94% (1/34) 

or non-biofilm formers 29.4% (10/34). In the TCP 

assay, 61.7% (21/34), 23.5% (8/34) and 14.7% 

(5/34) were strong, moderate and weak biofilm 

producers. In the three phenotypic assays, 61.7% 

MRSA isolates were revealed to be biofilm formers 

by the TCP method, 38.2% by TM and 20.5%, by 

CRA assay. A chi-square test showed significantly 

(P<0.001) more positive results with TCP than TM 

and CRA assay, thus TCP was the most sensitive of 

all three assays (Table 3). 

Screening of the bap gene in MRSA isolates. In 

this study, none of the MRSA isolates found in raw 

 

Table 2. Prevalence of S. aureus, MRSA, nuc and mecA genes in retail raw milk, milk products and hand 

swabs 
 

Sample 

source 

Total 

samples 

No. of 

Staphylococcus 

spp isolates 

No. of S. 

aureus 

isolates 

Prevalence 

of S. aureus 

(%) 

No. of 

MRSA 

isolates 

Prevalence 

of MRSA 

(%) 

Prevalence of 

nuc gene% 

Prevalence 

of mec A 

gene % 

Retail raw 

milk 

50 47 39 78.0 12 24.0 100 41.6 

 

Traditional 

sweets 

150 124 32 21.3 10 6.6 100 30.0 

Frozen milk 

products 

60 12 9 15.0 3 5.0 100 33.3 

Hand swabs 55 34 18 32.7 9 16.3 100 33.3 

Total (n) 315 217 98 31.1 34 10.7 100 35.29 

 

Table 3. Comparison of different MRSA biofilm formation methods 
 

 

 

 

 

 

 
n=98 n=34 Moderate - 2.94 23.5 

    (1/34) (8/34) 

  Weak/ none 79.41 29.4 14.7 

   (27/34) (10/34) (5/34) 

  Total Biofilm former 20.5 41.17 85.2 

  (Strong + Moderate) (7/34) (14/34) (29/34) 

n= Number of samples; χ2 
T1T2

=3.376 (P=0.066); χ2 
T1T3

=12.174** (P=0.000); χ2 
T2T3

=14.233** (P=0.000) 

S. aureus MRSA isolates 

isolates 

Biofilm formation Congo Red agar 

assay 

(CRA) (%) 

(T1) 

Tube method 

(TM) 

(%) 

(T2) 

Tissue Culture plate 

assay (TCP) (%) 

(T3) 

 Strong 20.5 38.2 61.7 

 (7/34) (13/34) (21/34) 
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milk, traditional sweets, frozen milk products and 

hand swabs had biofilms with the bap gene. 

Determination of the minimum inhibitory con- 

centration (MIC) of eugenol. Twenty-one strong 

biofilm former MRSA strains were tested to find 

the MIC values of eugenol, and the range of MIC 

values was 3.125 - 0.190 (v/v). 

Antibiofilm effect of eugenol on established bi- 

ofilms of MRSA strains. The antibiofilm attribute 

of eugenol was evaluated after challenging with 

MIC and 2×MIC of 0.19 and 0.39 eugenol (v/v) on 

established MRSA biofilms. The mean OD values 

of the control and two different concentrations of 

eugenol 0.19 and 0.39 (v/v) were observed at 570 

nm. The OD values of the control for all the strains 

ranged from 0.813 to 1.419, while after treatment 

with eugenol, at a concentration of 0.19 (v/v), the 

OD values decreased and the values ranged be- 

tween 0.612 and 0.912 and at 0.39 (v/v) concentra- 

tion, the OD values decreased further and ranged 

between 0.301 and 0.663 (Table 4). On statistical 

analysis of the increase in concentration of eugen- 

ol oil from 0.19 to 0.39, a significant (P<0.01) de- 

crease in the OD values of the MRSA strains was 

found (Table 5). 

Scanning electron microscopy (SEM). The 

MIC and 2×MIC of eugenol were challenged on 

 

Table 4. The effect of different eugenol concentrations against MRSA biofilms (OD
570

) 

 

S. No. 

 

MRSA strain 

 

Source 

Eugenol concentration 

0.39% 

Eugenol concentration 

0.19% 

(Control) Eugenol 

concentration 0% 

Mean ±SD Mean ±SD Mean ±SD 

1. MM3 Milk 0.407 ±0.00 0.761 ±0.11 0.936 ±0.17 

2. MM7 Milk 0.301 ±0.05 0.812 ±0.17 0.912 ±0.19 

3. MM11 Milk 0.302 ±0.17 0.912 ±0.10 1.419 ±0.16 

4. MB1 Burfi 0.521 ±0.16 0.814 ±0.15 0.997 ±0.24 

5. MP1 Peda 0.451 ±0.16 0.821 ±0.19 0.985 ±0.20 

6. MP3 Peda 0.515 ±0.23 0.912 ±0.20 1.345 ±0.16 

7. MP4 Peda 0.567 ±0.22 0.713 ±0.18 0.843 ±0.09 

8. MMC1 Milk cake 0.321 ±0.05 0.812 ±0.14 0.919 ±0.22 

9. MMC3 Milk cake 0.402 ±0.17 0.612 ±0.15 0.834 ±0.11 

10. MK1 Dudhi halwa 0.592 ±0.20 0.615 ±0.18 0.813 ±0.13 

11. MK2 Dudhi halwa 0.562 ±0.11 0.613 ±0.21 0.815 ±0.16 

12. MIC1 Ice cream 0.591 ±0.19 0.715 ±0.19 0.916 ±0.21 

13. MKU1 Kulfi 0.612 ±0.23 0.761 ±0.14 0.943 ±0.15 

14. MKU2 Kulfi 0.663 ±0.21 0.812 ±0.21 0.987 ±0.21 

15. MHSW1 
Hand swab of shop 

worker 
0.361 ±0.26 0.813 ±0.17 0.954 ±0.22 

16. MHSW3 
Hand swab of shop 

worker 
0.351 ±0.10 0.856 ±0.21 0.976 ±0.14 

17. MHSW4 
Hand swab of shop 

worker 
0.413 ±0.22 0.893 ±0.12 0.991 ±0.12 

18. MHSV1 
Hand swab of 

vendor 
0.405 ±0.20 0.714 ±0.20 0.881 ±0.17 

19. MHSV2 
Hand swab of 

vendor 
0.456 ±0.14 0.613 ±0.20 0.821 ±0.19 

20. MHSV4 
Hand swab of 

vendor 
0.582 ±0.11 0.631 ±0.07 0.813 ±0.20 

21. MHSV5 
Hand swab of 

vendor 
0.496 ±0.16 0.699 ±0.14 0.893 ±0.14 

22. ATCC 25923  0.512 ±0.21 0.713 ±0.21 0.923 ±0.20 
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3. 0.39 0.4719±0.0108a 

Table 5. Comparison of the mean OD
570 

values of MRSA biofilms treated with different concentrations of 

eugenol 
 

S. No. Concentration (v/v) OD value (Mean ± SE) 

1. Control (0%) 0.9507±0.0320c 

2. 0.19 0.7553±0.0210b 

 

 

the established MRSA biofilms and structural 

changes were observed by SEM at 5000X mag- 

nification. The SEM analyses of the control of 

MRSA revealed that the biofilm was very well 

organized in a 3D structure, with intact cell-to- 

cell connections (Fig 1A). The morphology of the 

untreated MRSA cells was smooth and regular, 

with an intact cell membrane. After challenging 

the established MRSA biofilms with a 0.19 (v/v) 

concentration of eugenol, it was observed that the 

bacterial cells were not well organized and start- 

ed scattering, and there was a loss of the normal 

cell morphology (Fig 1B). Conversely, with a 0.39 

(v/v) concentration of eugenol on the MRSA bio- 

film, completely disorganised biofilm structures, 

leakage of intracellular contents, and dead cells 

were observed (Fig. 1C). 

 

 

Fig 1. Scanning electron microscopy images (5000X) showing the antibiofilm effect of eugenol on MRSA biofilm 

(A) Control sample of MRSA biofilm growing without eugenol, white arrow showing its well-organised 3D 

structure; (B) Biofilm grown with eugenol 0.19 (v/v) conc., white arrows showing loss of morphology and cell to 

cell connection; (C) Biofilm grown with eugenol 0.39 (v/v) conc., white arrows showing complete disruption of the 

organized structure of the biofilm and dead cells 
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Discussion 

Milk and milk products can harbour a number 

of spoilage and pathogenic microorganisms, in- 

cluding multidrug resistant food-borne pathogens. 

Of these, MRSA causes a wide spectrum of infec- 

tions in both animals and humans (MASTOOR et 

al., 2022; JHA et al., 2024). In the last two decades, 

the presence of MRSA in foods and food-produc- 

ing animals, including milk and milk products and 

their biofilm forming capabilities has often been 

reported worldwide, raising public health con- 

cerns (PICOZZI et al., 2017). In order to monitor, 

prevent and control biofilm forming food borne 

MRSA contamination, it is necessary to understand 

its sources, phenotypic and genotypic characteris- 

tics, and transmission dynamics. 

A similar prevalence value of S. aureus (70.0%) 

was revealed from raw milk in Riyadh by ALGHIZ- 

ZI and SHAMI (2021) while TIBEBU et al. (2021) 

found 25.53% in cow’s milk followed by 19.23% 

in hand swabs. LAKHANPAL et al. (2019) also 

reported prevalences of 26.6% and 10.0% of S. au- 

reus in traditional sweets and frozen milk products 

from Himachal Pradesh, India. The discrepancies 

in the prevalence values of S. aureus may be due to 

differences in the procedure of sample collection, 

processing and laboratory practices. 

In the present study, screening of the house 

keeping nuc gene done in S. aureus isolates and all 

were nuc gene bearers showing the 100% preva- 

lence of this gene. In other studies researchers re- 

vealed 37.32% and 50.62% nuc genes from various 

milk sources in Turkey and Bangladesh, respective- 

ly (KEYVAN et al., 2020; SHAHID et al., 2021). 

In other studies, the prevalence values of 

MRSA in raw retail milk were reported in the fol- 

lowing countries: Nigeria (7.14%), China (51.6%), 

Ethiopia (33.3%) and India (23.8%), respectively, 

in the studies by ALIYU et al. (2020); KOU et al. 

(2021); GIRMAY et al. (2020) and SWETHA et al. 

(2017), respectively. In traditional sweets, in com- 

parison with 6.6% in our study, a 3.0% prevalence 

of MRSA was reported from India in the study by 

THAKER et al. (2013) and a similar prevalence 

value of 8.4% was reported from Brazil by KRO- 

NING et al. (2016). In our study, hand swab sam- 

ples showed 5.0% MRSA prevalence, while higher 

values, 19.0%, 36.36% and 10.0%, were reported in 

the studies by TIBEBU et al. (2021); SINGH et al. 

(2013); SAYED et al. (2010), respectively, which 

is significantly higher than in the present study. The 

differences in the values may be due to differences 

in the geographical conditions and the processing 

procedures of samples. 

In this study, the methicillin resistant mec gene 

was screened in MRSA isolates and overall, 35.29% 

were mecA gene bearers. These results were con- 

sistent with the study by ALIYU et al. (2020) who 

reported a prevalence of 33.3% from milk products 

in Nigeria, while SHAHID et al. (2021) and OMA- 

RA et al. (2021) reported a prevalence of 12.2% 

and 72.6% in Bangladesh and Giza, respectively, 

where the outcomes were lower and higher than in 

the present study. MRSA represents those S. aureus 

strains that possess the mecA gene garbling penicil- 

lin-binding protein 2a, which mediates resistance 

to methicillin and all other b-lactam antibiotics, so 

it represents a global health problem (ALGHIZ- 

ZI and SHAMI, 2021). Due to its importance and 

prevalence, nosocomial infection caused by MRSA 

has been listed as one of the three most difficult in- 

fectious diseases in the world by the World Health 

Organization (MOGHADDAM et al., 2021). 

Overall our data revealed that MRSA is fre- 

quently detected in retail raw milk, traditional milk- 

based products (burfi, peda, milk cake and dudhi 

halva), frozen milk products (ice cream and kulfi) 

and hand swabs (milk shop workers and vendors) 

in the Mathura region. Failure to follow hygienic 

practices, lack of personal hygiene, and poor food 

processing methods lead to contamination of milk 

and milk products. These pathogenic organisms are 

also spread through unclean hands that serve as a 

source of contamination. Differences in prevalence 

are largely due to differences in the hygienic prac- 

tices involved in the processing and storing of milk 

and milk products, and the surrounding environ- 

mental conditions. So, the collection, production, 

transportation and sale of retail raw milk and milk 

products in local shops and by vendors should be 

standardized. 

Biofilm production is recognized as an impor- 

tant virulence factor of some food-borne pathogens 
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including MRSA, and is a major concern for the 

dairy industry. It frequently related to a lack of 

monitoring standards and unhygienic practices dur- 

ing the processing and handling of milk and milk 

products (JHA et al., 2024). The results of biofilm 

production were in contrast with YOUNIS et al. 

(2021), who reported 26.6.0% non-biofilm formers 

and 73.3% biofilm formers. KOU et al. (2021) re- 

vealed 66.1% strong 32.3.0% moderate and 1.6% 

weak biofilm formers which is similar to the cur- 

rent study. The findings of our study suggest that 

the TCP assay is a more reliable method for detec- 

tion of biofilm forming MRSA compared to the TM 

and CRA methods. 

The discrepancies in the categorization of bi- 

ofilm phenotypes could result from differences in 

the interpretation of results. Therefore, it is impor- 

tant to align the method and interpretation of bio- 

film formation. At the same time, MRSA has var- 

ying abilities to form biofilm and it is important to 

explain the various sources fully (SOLTAN et al., 

2018). It has been demonstrated previously that the 

phenotypic expression of biofilm production, abili- 

ty is influenced by number of factor including com- 

position of medium also (RAHIMI et al., 2016). 

In current study, none of the biofilm-forming 

MRSA strains harboured the biofilm forming bap 

gene, with a prevalence value of 0.0%. In contrast 

to these results, other studies showed the bap gene 

occurred in biofilm forming S. aureus isolates in 

5.0% and 10.0% of samples, (MARQUES et al. 

(2017) and BALLAH et al. (2022)), respectively. 

In agreement with the present study, in the study 

by NOTCOVICH et al. (2018) it was found that the 

phenotypically confirmed biofilm former S. aureus 

was negative for the bap gene Similarly, this study 

also revealed no association between the formation 

of biofilms on a phenotypic basis and the presence 

of bap genes in biofilm formation. In other studies, 

an explanation of the absence of the bap gene was 

found, and it was said that pathogenicity islands are 

able to be transmitted horizontally between strains 

and are not present in every strain (TORMO et al., 

2005). Moreover, our results confirmed the hypoth- 

esis proposed by the researchers that the bap gene 

has not yet spread among MRSA isolates of animal 

and human origin (MOSSELHY et al., 2021). 

The natural antibiofilm agent eugenol was 

shown to have an inhibiting effect on MRSA bio- 

films. The range of the MIC of eugenol for MRSA 

biofilms was between 3.125 and 0.19 (v/v). These 

results are in agreement with YADAV et al. (2015) 

who reported the MIC range varied between 0.01% 

and 0.04% in South Korea, and with EL-FAR et al. 

(2021) who stated that the MIC values of eugenol 

for MRSA ranged from 3.125% to 0.01%. 

These results were consistent with the results of 

YADAV et al. (2015), the range of OD was found 

to be between 0.456 and 1.602 at 0.2 (v/v), and in 

a range between 0.241 and 0.591. In the current 

study, the results showed that eugenol has remark- 

able antibiofilm activity and there was a significant 

decrease in OD values at a 0.39 (v/v) eugenol con- 

centration. This outcome is supported by the work 

of AZMI et al. (2019). 

The results of SEM were in accordance with 

the studies of researchers GÓMEZ-SEQUEDA et 

al. (2020) and BAI et al. (2023), which revealed 

similar changes in the architecture of MRSA bio- 

films after treatment with eugenol. 

 

Conclusions 

MRSA has a tendency to form biofilms and be- 

comes attached to the surface of food and contain- 

ers. This leads to an increase in the microbial load 

of food products including dairy products, which 

may cause economic losses to the dairy industry. 

Persistent biofilm-related infections are not easy 

to treat due to the resident multidrug resistant mi- 

crobes. The low efficiency of various treatments 

and in vivo toxicity of the available antibiotics, 

disinfectants and sanitizers are driving researchers 

towards the discovery of effective natural anti-bio- 

film agents. The findings of the CV- microtitre plate 

method and SEM in this study show that eugenol 

possesses considerable antibiofilm activity against 

MRSA biofilms. Thus, this study reveals that euge- 

nol exerts antibiofilm effects on MRSA biofilms 

and can be applied to the surfaces of equipment, 

food containers, utensils and other materials, to pre- 

vent and eradicate of MRSA biofilms. The present 

study revealed that eugenol has antibiofilm effect 

on established MRSA biofilms and thus this oil can 
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be applied to the surfaces of equipment, food con- 

tainers, utensils and other materials to inhibit the 

formation of biofilm by this food borne pathogen. 

The outcome of the study may be useful in the nat- 

ural control of MRSA as well other biofilm-form- 

ing food borne pathogens. 
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SAŽETAK 

Ukupno je 315 uzoraka sirovog mlijeka, tradicionalnih slatkiša, zamrznutih mliječnih porizvoda i brisova ruku 

prodavača prikupljeno u maloprodajnim trgovinama u okrugu Mathura, u pokrajini Uttar Pradesh, u Indiji. Preva- 

lencija zlatnog stafilokoka (Staphylococcus aureus) u uzorcima sirovog mlijeka bila je 78,0%, tradicionalnih slatkiša 

21,3%, zamrznutih mliječnih porizvoda 15,0% i brisova ruku prodavača 32,7%, a prevalencija zlatnog stafilokoka 

rezistentnog na meticilin (engl. methicillin resistant S. aureus, MRSA) 24,0 % u uzorcima sirovog mlijeka, 6,6% u 

uzorcima tradicionalnih slatkiša, 5,0% u uzorcima zamrznutih mliječnih proizvoda i 16,3% u uzorcima brisova ruku 

prodavača. Ukupna je prevalencija zlatnog stafilokoka i MRSA bila 31,1% i 10,7% u svim analiziranim uzorcima. 

U izolatima u kojima je potvrđena MRSA analizirana je sposobnost stvaranja biofilma trima različitim metodama te 

je metodom kulture tkiva (engl. tissue culture plate, TCP) utvrđena sposobnost stvaranja biofilma u 61,7% uzoraka, 

metodom epruvete (engl. tube method, TM) u 38,2% uzoraka, a metodom bojenja kongo crvenilom (engl. Congo red 

agar, CRA) u 20,5% uzoraka. Ustanovljeno je da je metoda kulture tkiva najosjetljivija metoda među navedenima. 

Mikrodilucijskom metodom sojevi MRSA koji su formirali najjači biofilm (n=21) analizirani su kako bi se ustanovila 

minimalna inhibicijska koncentracija (MIK) protiv eugenola. Vrijednosti MIK-a eugenola bile su od 3,125 do 0,190 

(v/v) za sojeve MRSA. Učinak antibiofilma eugenola na utvrđene biofilmove sojeva MRSA procijenjen je nakon 

izlaganja minimalnoj inhibicijskoj koncentraciji eugenola od 0,19 i dvostrukoj MIK koncentraciji od 0,39 (v/v). Nakon 

tretmana eugenolom u koncentraciji od 0,19 (v/v), vrijednosti optičke gustoće (OD) smanjile su se i bile u rasponu od 

0,612 do 0,912, dok su se pri koncentraciji od 0,39 (v/v), OD vrijednosti smanjile i bile od 0,301 do 0,663. Pretražnom 

elektronskom mikrokoskopijom (SEM) uočeno je da su biofilmovi MRSA tretirani MIK-om i dvostrukim MIK-om 

eugenola pokazali gubitak povezanosti među stanicama, oštećenje organiziranih struktura biofilma i gubitak uredne 

morfologije, površina je postala hrapava, a bakterijske su stanice propale, vjerojatno zbog gubitka sadržaja. Rezultati 

su pokazali da eugenol ima znatan antibiofilmni učinak na biofilm sojeva MRSA. Zaključeno je da se uljni ekstrakti 

eugenola mogu nanijeti na površinu opreme, spremnika za hranu, pribor i druge materijale kako bi se spriječio razvoj 

biofilma sojeva MRSA. 

Ključne riječi: MRSA; eugenol; antibiofilmna aktivnost; sirovo mlijeko 
 


