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Abstract: The present study aims to evaluate the prevalence and antimicrobial sensitivity of Staphylococcus aureus 
associated with bovine mastitis to selected antibiotics and plant extracts. In the current study, 140 milk sam-
ples were collected from cows and buffaloes. Among the 140 samples, 93 samples were positive for sub-clinical 
mastitis based on the California Mastitis Test (CMT). Out of the total positive samples, 45 were confirmed for 
S. aureus on a Mannitol salt agar media. The antimicrobial susceptibility test revealed that 44.82% of the isolates 
were resistant to cefoxitin (oxacillin) confirming methicillin-resistant S. aureus (MRSA) with a higher percentage 
(51.61%) in the buffalo than in the cow samples. Furthermore, the PCR assay confirmed the presence of the mecA 
gene in all the MRSA isolates. Among the seven tested antibiotics, sulfamethoxazole + trimethoprim showed high 
efficacy (71.1%) against methicillin-susceptible S. aureus isolates (MSSA). Oxytetracycline and sulfamethoxazole + 
trimethoprim showed 20% efficacy against MRSA followed by enrofloxacin (10%). On the other hand, the tested 
samples from Pistacia chinensis revealed that the ethyl acetate extract of bark showed a maximum zone of inhi-
bition of 21.3 mm against MSSA and MRSA isolates at 3 000 µg/disc. Moreover, the methanol extract of Coto-
neaster microphyllus formed a 12.3 mm and 9.1 mm zone of inhibition against the MSSA and MRSA isolates, 
respectively.
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Mastitis is  an infectious disease among the 
most prevalent diseases in the livestock sector, 
causing huge economic losses by  affecting the 

quality and quantity of  the milk yield (Halasa 
et al. 2007). It badly affects the nutritional com-
position of milk, fat, and caseins (Pyorala 2003). 
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The estimated reduction in the milk yield is 30% 
per infected quarter and up to a 12% reduction 
in one of the affected quarters per cow in lacta-
tion (Radostits et al. 2007). Among the causative 
agents of  mastitis, Staphylococcus aureus, and 
methicillin-resistant S. aureus (MRSA) are the 
most active and contiguous pathogens (Bergonier 
et al. 2014). Poor farm management and the ex-
tensive use of antibiotics in hospitals and animals 
have increased the emergence of multi-drug resist-
ant (MDR) Staphylococcus MRSA in bovine milk 
(Indian Network for Surveillance of Antimicrobial 
Resistance (INSAR) group, India et al. 2013; Resch 
et al. 2013). Recent research has reported a spa-
type MRSA strain CC398  from animals and their 
farmers known as livestock-associated MRSA 
(Anjum et al. 2019), showed resistance to various 
classes of antibiotics, more to tetracycline and less-
er to macrolides, lincosamides, aminoglycosides, 
and fluoroquinolones (Witte et al. 2007). Treatment 
of an intramammary bacterial infection with an-
tibiotics is complicated due to possible diagnostic 
errors and lack of therapeutic information (Kvist 
et al. 2008; Jahanfar et al. 2009).

Efficient treatment policies and proper anti-mi-
crobial usage are opposed to the antibiotic resist-
ance in highly pathogenic microbial strains (Wang 
et al. 2008). Microbial infections have been con-
trolled remarkably with anti-microbial drugs, but 
the prevalence of resistance of pathogenic bacte-
ria has led to the discovery of different antimicro-
bial and phytochemical constituents of medicinal 
extracts, which have the potential to be used for 
the treatment of microbial infections (Ohno et al. 
2003). Medicinal plant extracts have also been used 
as a treatment for microbial infections and are still 
providing an alternative treatment for microbial 
infections (Gurib-Fakim 2006). Additionally, me-
dicinal plant extracts oppose the development 
of resistance in infectious microorganisms (Ohno 
et al. 2003). The extracts of different medicinal 
plants have been reported for anti-MRSA activ-
ity (Kumar et al. 2011; Saddiqe et al. 2014; Uysal 
et al. 2015). Several species of Cotoneaster and 
Pistacia have been used in folk medicine for the 
treatment of several diseases. In different in vit-
ro  tests, species of  the genus Cotoneaster have 
been confirmed for antibacterial, anti-plasmodial, 
anti-cholinesterase, antioxidant, anti-dyslipidae-
mic, anti-glucosidase, anti-amylase, and anti-di-
abetic activities (Esmaeili et al. 2015; Mohamadi 

Sani and Yaghooti 2016). Similarly, different parts 
of Physalis species have various biological activities 
like hypoglycaemic, anti-atherogenic antioxidant, 
anti-inflammatory, and anti-insect activities (Duru 
et al. 2003; Dedoussis et al. 2004; Ozcelik et al. 
2005). As per our knowledge, the different parts 
of both C. microphyllus and P. chinensis have not 
been investigated for their antibacterial potential 
against the bovine mastitis pathogen.

The emergence of MRSA in bovine milk needs 
early attention before it goes through the circle 
from livestock to humans and from humans to live-
stock and finally develops into severe infectious 
strains. In the current scenario, proper manage-
ment and effective therapy by an antimicrobial 
agent is a prime necessity (Kadlec and Wallace 
2009). The present study investigated the preva-
lence of  the Staphylococcus species, an  in vitro 
therapy and categorised the isolates associated with 
mastitis in bovine animals by polymerase chain re-
action (PCR).

MATERIAL AND METHODS

Collection of samples

A total of one hundred and forty milk samples 
(140) including cows (82) and buffalos (58) were 
collected from different areas of District Swat, 
Pakistan in 2018–2019 through professional medi-
cal sampling following microbiological techniques. 
All the milk samples were screened by the California 
Mastitis Test (CMT) to confirm the range of sub-
clinical mastitis (Dingwell et al. 2003).

Isolation and identification of S. aureus 
species

S. aureus species isolation – CMT-positive milk 
samples were cultured overnight on a mannitol 
salt agar media (Oxoid UK, Musaji Adam & Sons, 
Pakistan) for the S. aureus species isolation. The iso-
lates were confirmed by phenotypic and biochemi-
cal tests (Table 1), such as Gram staining, tests for 
oxidation/fermentation, production of phenol, co-
agulase, catalase, indole-production, methyl red, 
acetone production, and cefoxitin disc diffusion 
following Bergey’s manual of systematic bacteriol-
ogy taxonomy (Collee et al. 1996; Skov et al. 2003).
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Extraction of DNA and PCR assay

After performing biochemical tests, the DNA 
was extracted from all 20 isolates using a Genomic 
ZR Genomic DNATM-Tissue Miniprep kit (Zymo 
Research Corp, Irvine, CA, USA). All the steps 
involved in the DNA extraction were performed 
according to the instructions of the manufactur-
er. The purity of the isolated DNA was checked 
by a NanoDrop™ spectrophotometer (2000/2000c) 
and stored at –20 °C till use. The polymerase chain 
reaction was undertaken for the amplification of the 
DNA by targeting the specific gene mecA to con-
firm the MRSA isolates. The PCR reaction mixture 
included 13 μl of a master mix, 0.5 μl of each primer 
(forward and reverse), 9 μl of double distilled wa-
ter, and 2 μl of the DNA sample. The mixture was 
mixed vigorously and the reaction was performed 
by a MultiGene Opti Max Thermal Cycler (TC9610) 
(Labnet International Inc., NJ, USA). The optimised 
conditions for the PCR reaction were the denatura-
tion step of each cycle at 95 °C for 30 s followed 
by annealing at 65 °C for 1 min and extension for 

1 min at 72 °C (Ahmad and Rahman 2019). Gel 
electrophoresis was performed for visualising the 
amplified product on the gel using the Gel docTM 
EZ Gel Documentation System (1708270) (BioRad, 
Hercules, CA, USA).

In vitro susceptibility of the S. aureus 
species to the antibiotics and extracts 
of medicinal plants

The in vitro susceptibility of  the isolates was 
checked by seven different antibiotics (Table 2) 
using a standard Kirby-Bauer disc diffusion test 
on Mueller Hinton Agar (MHA) media according 
to the instructions of The Clinical and Laboratory 
Standards Institute (CLSI) (Wikler 2006). Briefly, 
the standardised culture (100 µl) was spread evenly 
over the MHA, and the tested antibiotics were ap-
plied. The plates were then kept in an incubator for 
24 h at 37 °C. At the end of the experiment, the zone 
of inhibition was measured in mm (Hudzicki 2009). 
The same methodology was also applied to test the 
activity of the medicinal plant extracts against all 
the isolates.

For the preparation of the extracts, the different 
parts of C. microphyllus and P. chinensis were dried 
under shading and then powdered by a grinding 
machine. The powder plant material (150 g) was 
then added to the extraction flasks containing one 
litre of methanol and ethyl acetate. The solutions 
were then placed in a shaking incubator at 37 °C. 
These solutions were then filtered through fil-
ter paper (Whatman filter paper No. 1; CamLab, 
Cambridge, UK). The filtrate was then poured into 
a rotatory evaporator flask and dried via a rotary 
evaporator at a temperature of 37 °C. The extracts 
were completely dried through a desiccator. The 
different  concentrations of  the extracts were 
prepared in dimethyl sulfoxide (DMSO) and then 

Table 1. Biochemical tests used for the identification 
of S. aureus

Biochemical tests Results
CMT positive
Mannitol salt fermentation positive
Gram staining positive
Catalase positive
Coagulase positive
Indole positive
Oxidase negative
Urease positive
DNase positive
Acetone production positive

CMT = California Mastitis Test

Table 2. Antibiotics, code of the antibiotics, and the disc potency

Serial No. Antibiotic Code Disc potency
1 gentamicin CN-10 10 µg
2 streptomycin S-10 5 µg
3 ciprofloxacin CIP-5 30 µg
4 cefotaxime CTX-30 30 µg
5 oxytetracycline OT-30 30 µg
6 enrofloxacin ENR-5 5 µg
7 sulfamethoxazole + trimethoprim SXT-25 23.7 µg/1.25 µg
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tested for anti-bacterial efficacy against methicil-
lin-susceptible S. aureus (MSSA) and MRSA iso-
lates using a disc diffusion assay (Khan et al. 2020).

Statistical analysis

The antibacterial potential of the extracts was 
expressed as the mean ± standard deviation of the 
triplicate data of each treatment. The Statistix soft-
ware (v8.1; Analytical Software, USA) was used for 
the analysis of data.

RESULTS AND DISCUSSION

Subclinical mastitis is considered the most sig-
nificant disease in the livestock industry, causing 
huge economic losses not only in Pakistan, but also 
worldwide (Abebe et al. 2016). Bacterial pathogens 
are evolving day by day leading to the emergence 
of antibiotic resistance strains, risking public health 
due to the transmission of resistance to humans 
and the defectiveness in  the antibiotic therapy 
currently used (El-Sayed et al. 2020). Subclinical 
mastitis in dairy animals is the source of MRSA 
bacteria in raw milk samples (Shrestha et al. 2021). 
In this study, 93 out of 140 (66.6%) bovine animal 
milk samples were positive for sub-clinical mas-
titis based on the CMT (Table 3) which is high-
er than the previous study conducted in Punjab 
Pakistan (42.2%) and Faisalabad (27%) (Khan and 
Muhammad 2005; Maalik et al. 2019). The CMT 
analysis of the milk samples further revealed the 
prevalence of  sub-clinical mastitis was higher 
in buffalos (75.47%) than in cows (54.05%).

Furthermore, 45 (48.38%) of 93 samples showed 
cultural growth on selective media, a higher per-
centage of MSSA subclinical mastitis was recorded 
in buffalos (50.0%) than in cows (45.16%) (Table 4). 
In comparison to our findings, Dieser et al. (2014) 
reported 53.9%, while a study conducted by Nam 
et al. (2011) in Korea revealed a 54.3% prevalence 

of S. aureus sub-clinical mastitis in cows, which 
is near to our findings. The results of the study 
conducted in South Ethiopia reported a high preva-
lence rate of S. aureus associated with sub-clinical 
mastitis (74.7%) in the herd (Abebe et al. 2016). 
Research carried out in various countries showed 
inconsistencies in evaluating the prevalence rate 
of mastitis and its pathogenic micro-organisms due 
to differences in the sample collection, culture, and 
diagnostic techniques (Dieser et al. 2014). Other 
predisposing factors are also responsible for the dif-
ference in the prevalence rate of subclinical bovine 
mastitis, including the poor handling of animals 
and milk, poor sanitation systems, milking with 
contaminated machines and hands, and poor hous-
ing of animals. Moreover, the improper use of an-
tibiotics, severe infections in mammary glands, 
and the emergence of MDR pathogens are also ac-
countable for the differences in the prevalence rate 
of bovine mastitis (Seegers et al. 2003). The isolates 
were further screened for MRSA using a cefoxi-
tin disc diffusion assay. The results of the screen-
ing assay revealed 44.44% MRSA among the total 
isolates (Table 5). A higher percentage (51.61%) 
of MRSA was noted in the buffalo samples than 
in the cow samples (28.57%). The high incidence 
of MRSA in the buffalo samples can be attributed 
to several risk factors including poor hygienic con-
ditions in their housing system, bad sanitation, and 
the excessive use of antimicrobial agents for the 
treatment of mastitis (Algammal et al. 2020; Gwida 
et al. 2021). The DNA was isolated from the posi-
tive samples with the cefoxitin test and subjected 
to a PCR assay using a specific primer for the mecA 

Table 3. Prevalence of subclinical mastitis in bovine milk 
samples assayed by CMT

Bovine animal Samples tested CMT +ve %
Buffalo 82 62 75.60
Cow 58 31 53.44
Total 140 93 66.42

+ve = positive; CMT = California Mastitis Test

Table 4. S. aureus prevalence in bovine milk samples

Specie of animal Samples tested CMT +ve Positive culture % of S. aureus
Buffalo 82 62 31 50.00
Cow 58 31 14 45.16
Total 140 93 45 48.38

+ve = positive; CMT = California Mastitis Test
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gene. The results of the experiment revealed that 
all the isolates of MRSA, already confirmed by the 
cefoxitin test, have the mecA gene in their genomes. 
A similar finding was also reported by Dibah et al. 
(2014). The prevalence of MRSA reported in differ-
ent countries is variable (Guardabassi et al. 2013; 
Dibah et al. 2014). The current investigation re-
ported a higher incidence of MRSA in the raw milk 
samples than those in Italy (20%), Turkiye (17%), 
Germany (2.30%), and England (2.3%) (Turkyilmaz 
et al. 2010; Kreausukon et al. 2012; Paterson et al. 
2013; Riva et al. 2015). The difference in the preva-
lence rate may be due to differences in the study 
design, lab testing for identifying MRSA, improper 
and non-specific use of antibiotics, and other in-
fection control measures (Askari et al. 2012). After 
categorising the isolates into MSSA and MRSA, the 
isolates were tested for susceptibility to antibiotics 
and plant extracts using a disc diffusion assay. The 
data of the study indicated that a high percentage 
of MSSA isolates were susceptible to the tested 
antibiotics, sulfamethoxazole  + trimethoprim 
was found to be the most susceptible antibiotic 
(Table 6) among all the tested antibiotics (72.2%) 
followed by gentamicin (66%), streptomycin, and 
enrofloxacin (each 46.66%). The high percentage 

of susceptibility of MSSA isolates was also docu-
mented against sulfamethoxazole + trimethoprim, 
gentamicin, and enrofloxacin in previous studies 
(Kumar et al. 2011; Chandrasekaran et al. 2014; 
Aqib et al. 2019). Furthermore, the susceptibility 
of S. aureus isolated from different sources showed 
variations to the different antibiotics (Nam et al. 
2011). The high susceptibility of oxytetracycline 
was reported by Chandrasekaran et al. (2014) which 
is contrary to our findings. In this study, oxytetracy-
cline was the least susceptible and more intermedi-
ate, the decrease in susceptibility of oxytetracycline 
against S. aureus might be due to the acquisition 
of the day-by-day resistance. Furthermore, com-
parative antibiotic resistance profiles of S. aureus 
isolated from different food products and clinical 
specimens against cephems, tetracycline, amino-
glycosides, penicillin macrolides, lincosamides, 
fluoro-quinolones have also been reported in pre-
vious studies (Paludi et al. 2011; Jackson et al. 2013; 
Momtaz et al. 2013; Sallam et al. 2015; Safarpoor 
Dehkordi et al. 2017).

The current study revealed higher resistance 
in  the MRSA isolates than the MSSA isolates 
to the most commonly used antibiotics. The high-
est MRSA resistance was noted for streptomycin, 

Table 5. MRSA prevalence in bovine milk samples by the cefoxitin test and PCR

Animals Tested samples % MRSA by cefoxitin test % MRSA by PCR % MRSA
Buffalo 31 16 16 51.61
Cow 14 4 4 28.57
Total 45 20 20 44.44

MRSA = methicillin-resistant S. aureus; PCR = polymerase chain reaction

Table 6. Antibiotics’ zone of inhibition interpretation according to the CLSI with values and the in vitro therapeutic 
efficacy of the antibiotics used against the MSSA isolates

Antimicrobial 
class

Antimicrobial 
agents Concentration S I R S I R

Fluroquinolone enrofloxacin 5 µg ≥ 21 17–20 ≤ 16 21 17 11
Fluroquinolone ciprofloxacin 5 µg ≥ 21 16–20 ≤ 15 19 11 25
Aminoglycoside gentamicin 5 µg ≥ 15 13–14 ≤ 12 30 6 9
Aminoglycoside streptomycin 5 µg ≥ 15 12–14 ≤ 11 21 9 15
Cephalosporin cefotaxime 5 µg ≥ 23 15–22 ≤ 14 19 21 5
Tetracycline oxytetracycline 5 µg ≥ 26 16–25 ≤ 15 10 29 6

Sulfonamide sulfamethoxazole + 
trimethoprim 5 µg ≥ 16 11–15 ≤ 10 32 2 11

CLSI = Clinical and Laboratory Standards Institute; I = intermediate; MSSA = methicillin-susceptible S. aureus; R = 
resistant; S = sensitive
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gentamicin, ciprofloxacin, and cefotaxime (90%, 
85%, 70%, and 65%, respectively) (Table 7). A simi-
lar finding was also reported by Dibah et al. (2014) 
in which the MRSA isolates were found nearly re-
sistant to all the tested antibiotics. Although oxy-
tetracycline and sulfamethoxazole + trimethoprim 
showed a minimum of 20% anti-MRSA activity. Our 
study is contrary to the findings of Chandrasekaran 
et al. (2014) who reported that most of the MRSA 
isolates were susceptible to the tested antibiotics. 
Even though they also reported MRSA as multid-
rug-resistant in their research study. On the other 
hand, the extracts from the medicinal plant also 
showed antibacterial potential against MSSA and 
MRSA isolates.

The methanol and ethyl acetate extracts of P. chin-
ensis leaves showed a maximum zone of inhibition 

of 16.68 mm and 15.82 mm against S. aureus iso-
lates and 14.58 mm and 12.4 mm zone of inhibi-
tion against the MRSA isolates, respectively. The 
antibacterial efficacy of P. chinensis leaves was 
also reported by Rashed et al. (2016) against dif-
ferent microorganisms. Similarly, the ethyl acetate 
extracts of the bark of P. chinensis revealed high 
antibacterial activity against these isolates. Ethyl 
acetate extracts formed a maximum zone of inhi-
bition of 21.3 mm followed by the methanol ex-
tract of 14.1 mm against MSSA and a 20.3 mm and 
12.7 mm zone of inhibition against MRSA isolates, 
respectively. The antibacterial potential of metha-
nol extracts of bark against the bacterial species 
was also reported in the previous research study 
(Hazrat et al. 2013). Furthermore, methanol and 
ethyl acetate solvent extracts of the fruit of P. chin-

Table 8. Average zone of inhibition of the MRSA isolates produced by the medicinal plant extracts at 1 000, 2 000 and 
3 000 µg/disc

Plants Parts used Extract
Zone of inhibition (mm)

1 000 µg/disc 2 000 µg/disc 3 000 µg/disc

P. chinensis fruits
methanol 9.23 ± 1.0 13.35 ± 1.1 15.2 ± 1.4

ethyl acetate 8.13 ± 0.9 11.93 ± 0.9 14.4 ± 1.3

P. chinensis leaves
methanol 8.69 ± 0.6 11.41 ± 0.9 14.8 ± 1.2

ethyl acetate 4.17 ± 0.1 10.24 ± 1.0 12.4 ± 1.1

P. chinensis bark
methanol 5.0 ± 0.3 9.93 ± 1.0 12.7 ± 1.2

ethyl acetate 10.37 ± 1.0 15.44 ± 1.2 21.3 ± 1.6

C. microphyllus leaves
methanol 3.15 ± 0.9 7.28 ± 0.9 9.1 ± 1.1

ethyl acetate 2.91 ± 0.7 5.31 ± 0.8 6.4 ± 1.0

mm = millimetre; MRSA = methicillin-resistant S. aureus

Table 7. Antibiotics’ zone of inhibition interpretation according to the CLSI with values and the in vitro therapeutic 
efficacy of the antibiotics used against the MRSA isolates

Antimicrobial 
class

Antimicrobial 
agents Concentration S I R S I R

Fluroquinolone enrofloxacin 5 µg ≥ 21 17–20 ≤ 16 2 6 12
Fluroquinolone ciprofloxacin 5 µg ≥ 21 16–20 ≤ 15 1 5 14
Aminoglycoside gentamicin 5 µg ≥ 15 13–14 ≤ 12 1 2 17
Aminoglycoside streptomycin 5 µg ≥ 15 12–14 ≤ 11 0 2 18
Cephalosporin cefotaxime 5 µg ≥ 23 15–22 ≤ 14 1 6 13
Tetracycline oxytetracycline 5 µg ≥ 26 16–25 ≤ 15 4 5 11

Sulfonamide sulfamethoxazole + 
trimethoprim 5 µg ≥ 16 11–15 ≤ 10 4 6 10

CLSI = Clinical and Laboratory Standards Institute; I = intermediate; MRSA = methicillin-resistant S. aureus; R = resist-
ant; S = sensitive
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ensis revealed a 15.19 mm and 14.44 mm zone of in-
hibition against MRSA isolates while a maximum 
zone of inhibition of 20 mm and 19.2 mm against 
MSSA isolates was found (Tables 8 and 9). The anti-
microbial potential against different gram-positive 
bacteria has been reported in the fruit of Pistacia 
integerrima (Ahmad et al. 2013).

The methanol and ethyl acetate extracts of the 
leaves of C. microphyllus showed a maximum zone 
of  inhibition of 12.34 mm and 9.82 mm against 
MSSA isolates while a 9.1 mm and 6.4 mm zone 
of inhibition against MRSA isolates was seen, re-
spectively (Tables 8 and 9). The antibacterial poten-
tial of this genus C. microphyllus is also been known 
for the other species of this genus, which supports 
the current findings of the study. Furthermore, the 
antibacterial potential of Cotoneaster nummularius 
against various human pathogenic bacteria is due 
to the inclusion of phenolic and flavonoid bioac-
tive constituents, as reported in previous studies 
(Zengin et al. 2014; Uysal et al. 2016). On the other 
hand, both the methanol and ethyl acetate root ex-
tracts of C. microphyllus were inactive against both 
MSSA and MRSA isolates. The inactivity of the 
root extracts might be due to the uneven distri-
bution of the bioactive compound in the different 
parts of the plant.

Furthermore, according to Taylor et al. (2001), the 
absence of the antibacterial potential does not show 
the absence of bioactive compounds in the roots, 
but there may be an insufficient amount of bioac-
tive compounds in the solvent extracts to validate 
the biological activities at the used dosage level 
(Lindsey et al. 1999).

In conclusion, it could be stated that both MRSA 
and MSSA isolates causing bovine mastitis were 
resistant to the commonly used antibiotics. The 
extracts of the medicinal plants showed promis-
ing results in the current study and can be used 
as an alternative drug for the control of bovine 
mastitis in cows and buffaloes.

Acknowledgement

The research study is  a  contribution from 
University of Swat, and Veterinary Research and 
Disease Investigation Center, Balogram, Swat, 
Pakistan.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Abebe R, Hatiya H, Abera M, Megersa B, Asmare K. Bovine 
mastitis: Prevalence, risk factors and isolation of Staph-
ylococcus aureus in dairy herds at Hawassa milk shed, 
South Ethiopia. BMC Vet Res. 2016 Dec 3;12(1):270.

Ahmad R, Pieters L, Riaz M. Antimicrobial and antioxidant 
activity of crude extracts of two medicinal plants Pistacia 
integerrima and Debregeasia salicifolia. Int J Pharm Sci 
Rev Res. 2013 Jan-Feb;18(1):13-7.

Ahmad SI, Rahman HU. The emerging trend of brucella 
abortus zoonotic incidence in both human and animal 

Table 9. Average zone of inhibition of the MSSA isolates produced by the medicinal plant extracts at 1 000, 2 000 and 
3 000 µg/disc

Plant species Parts used Extract
Zone of inhibition (mm)

1 000 µg/disc 2 000 µg/disc 3 000 µg/disc

P. chinensis fruits
methanol 10.23 ± 1.0 15.35 ± 1.1  20.0 ± 1.4

ethyl acetate 10.13 ± 0.9 13.93 ± 0.9 19.2 ± 1.3

P. chinensis leaves
methanol 9.79 ± 0.6 13.31 ± 0.9 16.6 ± 1.2

ethyl acetate 0.7 ± 0.3 11.24 ± 1.0 14.8 ± 1.1

P. chinensis bark
methanol 6.0 ± 0.3 10.93 ± 1.0 12.7 ± 1.2

ethyl acetate 13.31 ± 1.0 16.34 ± 1.2 21.3 ± 1.6

C. microphyllus leaves
methanol 5.75 ± 0.9 9.58 ± 0.92 12.3 ± 1.1

ethyl acetate 5.41 ± 0.7 7.51 ± 0.8 9.82 ± 1.0

mm = millimetre; MSSA = methicillin-susceptible S. aureus

https://www.agriculturejournals.cz/web/vetmed/


278

Original Paper	 Veterinarni Medicina, 68, 2023 (07): 271–280

https://doi.org/10.17221/80/2022-VETMED

populations of district Swat Khyber-Pakhtunkhwa. Eu-
ropean J Biomed Pharm Sci. 2019 Jan;6(1):123-30.

Algammal AM, Enany ME, El-Tarabili RM, Ghobashy MOI, 
Helmy YA. Prevalence, antimicrobial resistance profiles, 
virulence and enterotoxin determinant genes of MRSA 
isolated from subclinical bovine mastitis samples 
in Egypt. Pathogens. 2020 May 9;9(5):362.

Anjum MF, Marco-Jimenez F, Duncan D, Marin C, Smith 
RP, Evans SJ. Livestock-associated methicillin-resistant 
Staphylococcus aureus from animals and animal products 
in the UK. Front Microbiol. 2019 Sep 12;10:2136.

Aqib AI, Ijaz M, Farooqi SH, Raza A. Dairy Staphylococcus 
aureus: Epidemiology, drug susceptibilities, drug modu-
lation and preventive measures. London, UK: Intech 
Open Limited; 2019. p. 57-73.

Askari E, Soleymani F, Arianpoor A, Tabatabai SM, Amini A, 
Naderinasab M. Epidemiology of mecA-methicillin resist-
ant Staphylococcus aureus (MRSA) in Iran: A systematic 
review and meta-analysis. Iran J Basic Med Sci. 2012 Sep; 
15(5):1010-9.

Bergonier D, Sobral D, Fessler AT, Jacquet E, Gilbert FB, 
Schwarz S, Treilles M, Bouloc P, Pourcel C, Vergnaud G. 
Staphylococcus aureus from 152 cases of bovine, ovine 
and caprine mastitis investigated by Multiple-locus var-
iable number of tandem repeat analysis (MLVA). Vet Res. 
2014 Oct 2;45(1):97.

Chandrasekaran D, Venkatesan P, Tirumurugaan KG, 
Nambi AP, Thirunavukkarasu PS, Kumanan K, Vaira-
muthu S, Ramesh S. Pattern of antibiotic resistant mas-
titis in dairy cows. Vet World. 2014 Jun 1;7(6):389-94.

Collee JG, Mackie TJ, McCartney JE. Mackie & McCartney 
practical medical microbiology. New York, USA: Har-
court Health Sciences; 1996. 978 p.

Dedoussis GV, Kaliora AC, Psarras S, Chiou A, Mylona A, 
Papadopoulos NG, Andrikopoulos NK. Antiatherogenic 
effect of Pistacia lentiscus via GSH restoration and down-
regulation of CD36 mRNA expression. Atherosclerosis. 
2004 Jun;174(2):293-303.

Dibah S, Arzanlou M, Jannati E, Shapouri R. Prevalence 
and antimicrobial resistance pattern of methicillin resist-
ant Staphylococcus aureus (MRSA) strains isolated from 
clinical specimens in Ardabil, Iran. Iran J Microbiol. 2014 
Jun;6(3):163-8.

Dieser SA, Vissio C, Lasagno MC, Bogni CI, Larriestra AJ, 
Odierno LM. Prevalence of pathogens causing subclinical 
mastitis in Argentinean dairy herds. Pak Vet J. 2014 Mar 1; 
34(1):124-6.

Dingwell RT, Leslie KE, Schukken YH, Sargeant JM, Timms 
LL. Evaluation of the California mastitis test to detect 
an intramammary infection with a major pathogen in early 
lactation dairy cows. Can Vet J. 2003 May;44(5):413-5.

Duru ME, Cakir A, Kordali S, Zengin H, Harmandar M, 
Izumi S, Hirata T. Chemical composition and antifungal 
properties of essential oils of three Pistacia species. Fi-
toterapia. 2003 Feb;74(1-2):170-6.

El-Sayed MAE, Zhong LL, Shen C, Yang Y, Doi Y, Tian GB. 
Colistin and its role in the Era of antibiotic resistance: 
An extended review (2000–2019). Emerg Microbes Infect. 
2020 Dec;9(1):868-85.

Esmaeili S, Ghiaee A, Naghibi F, Mosaddegh M. Antiplas-
modial activity and cytotoxicity of plants used in tradi-
tional medicine of iran for the treatment of fever. Iran J 
Pharm Res. 2015 Winter;14(Suppl):103-7.

Guardabassi L, Larsen J, Weese JS, Butaye P, Battisti A, 
Kluytmans J, Lloyd DH, Skov RL. Public health impact 
and antimicrobial selection of methicillin-resistant staph-
ylococci in animals. J Glob Antimicrob Resist. 2013 Jun; 
1(2):55-62.

Gurib-Fakim A. Medicinal plants: Traditions of yesterday 
and drugs of tomorrow. Mol Aspects Med. 2006 Feb; 
27(1):1-93.

Gwida MM, Saad TM, Elgohary A, Mohamed A. Charac-
terization of methicillin-susceptible and methicillin-re-
sistant Staphylococcus aureus from healthy cattle and 
buffaloes in a linked community. Mansoura Vet Med J. 
2021 Jun 1;22(2):76-81.

Halasa T, Huijps K, Osteras O, Hogeveen H. Economic ef-
fects of bovine mastitis and mastitis management: A re-
view. Vet Q. 2007 Mar;29(1):18-31.

Hazrat A, Nisar M, Zaman S. Antibacterial activities of six-
teen species of medicinal plants reported from Dir Ko-
histan Valley KPK, Pakistan. Pak J Bot. 2013 Aug 1;45(4): 
1369-74.

Hudzicki J. Kirby-Bauer disk diffusion susceptibility test 
protocol. Am Soc Microbiol. 2009 Dec 8;15:55-63.

Indian Network for Surveillance of Antimicrobial Resist-
ance (INSAR) group, India; Joshi S, Ray P, Manchanda V, 
Bajaj J, Chitnis DS, Gautam V, Goswami P, Gupta V, Har-
ish BN, Kagal A, Kapil A, Rao R, Rodrigues C, Sardana R, 
Devi KS, Sharma A, Balaji V. Methicillin resistant Staph-
ylococcus aureus (MRSA) in India: Prevalence & suscep-
tibility pattern. Indian J Med Res. 2013 Feb;137(2):363-9.

Jackson CR, Davis JA, Barrett JB. Prevalence and charac-
terization of methicillin-resistant Staphylococcus aureus 
isolates from retail meat and humans in Georgia. J Clin 
Microbiol. 2013 Apr;51(4):1199-207.

Jahanfar S, Ng CJ, Teng CL. Antibiotics for mastitis 
in breastfeeding women. Cochrane Database Syst Rev. 
2009 Jan 21;(1):CD005458. Update in: Cochrane Database 
Syst Rev. 2013;2:CD005458.

Kadlec RH, Wallace S. Treatment Wetlands. 2nd ed. Boca 
Raton: Taylor & Francis; 2009. 1016 p.

https://www.agriculturejournals.cz/web/vetmed/


279

Veterinarni Medicina, 68, 2023 (07): 271–280	 Original Paper

https://doi.org/10.17221/80/2022-VETMED

Khan AZ, Muhammad G. Quarter-wise comparative prev-
alence of mastitis in buffaloes and crossbred cows. Paki-
stan Vet J. 2005;25(1):9-12.

Khan W, Ullah R, Wahab Z, Uddin MN. Antimicrobial ef-
fects of Verbascum thapsus L. leaf extracts. Bangladesh 
J Bot. 2020 Dec 31;49(4):1119-25.

Kreausukon K, Fetsch A, Kraushaar B, Alt K, Muller K, 
Kromker V, Zessin KH, Kasbohrer A, Tenhagen BA. 
Prevalence, antimicrobial resistance, and molecular char-
acterization of methicillin-resistant Staphylococcus au-
reus from bulk tank milk of dairy herds. J Dairy Sci. 2012 
Aug;95(8):4382-8.

Kumar R, Yadav BR, Singh RS. Antibiotic resistance and 
pathogenicity factors in Staphylococcus aureus isolated 
from mastitic Sahiwal cattle. J Biosci. 2011 Mar;36(1): 
175-88.

Kvist M, Hancock V, Klemm P. Inactivation of efflux pumps 
abolishes bacterial biofilm formation. Appl Environ Mi-
crobiol. 2008 Dec;74(23):7376-82.

Lindsey K, Jager AK, Raidoo DM, van Staden J. Screening 
of plants used by Southern African traditional healers 
in the treatment of dysmenorrhoea for prostaglandin-
synthesis inhibitors and uterine relaxing activity. J Eth-
nopharmacol. 1999 Jan;64(1):9-14.

Maalik A, Shahzad A, Iftikhar A, Rizwan M, Ahmad H, 
Khan I. Prevalence and antibiotic resistance of Staphylo-
coccus aureus and risk factors for bovine subclinical 
mastitis in District Kasur, Punjab, Pakistan. Pakistan J 
Zool. 2019 Jun 30;51(3):1123.

Mohamadi Sani A, Yaghooti F. Antibacterial effects and 
chemical composition of essential oil from Cotoneaster 
nummularioides leaves extract on typical food-borne 
pathogens. J Essent Oil-Bear Plants. 2016 Feb 17;19(2): 
290-6.

Momtaz H, Dehkordi FS, Rahimi E, Asgarifar A, Momeni M. 
Virulence genes and antimicrobial resistance profiles 
of Staphylococcus aureus isolated from chicken meat 
in Isfahan province, Iran. J Appl Poult Res. 2013 Dec 1; 
22(4):913-21.

Nam HM, Lee AL, Jung SC, Kim MN, Jang GC, Wee SH, 
Lim SK. Antimicrobial susceptibility of Staphylococcus 
aureus and characterization of  methicillin-resistant 
Staphylococcus aureus isolated from bovine mastitis 
in Korea. Foodborne Pathog Dis. 2011 Feb;8(2):231-8.

Ohno T, Kita M, Yamaoka Y, Imamura S, Yamamoto T, Mit-
sufuji S, Kodama T, Kashima K, Imanishi J. Antimicrobial 
activity of essential oils against Helicobacter pylori. Hel-
icobacter. 2003 Jun;8(3):207-15.

Ozcelik B, Aslan M, Orhan I, Karaoglu T. Antibacterial, 
antifungal, and antiviral activities of the lipophylic ex-
tracts of Pistacia vera. Microbiol Res. 2005;160(2):159-64.

Paludi D, Vergara A, Festino AR, Di Ciccio P, Costanzo C, 
Conter M, Zanardi E, Ghidini S, Ianieri A. Antimicrobial 
resistance pattern of methicillin-resistant Staphylococcus 
aureus in the food industry. J Biol Regul Homeost Agents. 
2011 Oct-Dec;25(4):671-7.

Paterson GK, Harrison EM, Craven EF, Petersen A, Larsen 
AR, Ellington MJ, Torok ME, Peacock SJ, Parkhill J, Za-
doks RN, Holmes MA. Incidence and characterisation 
of methicillin-resistant Staphylococcus aureus (MRSA) 
from nasal colonisation in participants attending a cattle 
veterinary conference in the UK. PLoS One. 2013 Jul 15; 
8(7):e68463.

Pyorala S. Indicators of  inflammation in  the diagnosis 
of mastitis. Vet Res. 2003 Sep-Oct;34(5):565-78.

Radostits OM, Gay CC, Hinchcliff KW, Constable PD. Vet-
erinary medicine: A textbook of the diseases of cattle, 
horses, sheep, pigs and goats. 10th ed. Edinburgh: Elsevier 
Saunders; 2007. p. 2045-50.

Rashed K, Said A, Abdo A, Selim S. Antimicrobial activity 
and chemical composition of Pistacia chinensis Bunge 
leaves. Int Food Res J. 2016;23(1):316-21.

Resch G, Francois P, Morisset D, Stojanov M, Bonetti EJ, 
Schrenzel J, Sakwinska O, Moreillon P. Human-to-bovine 
jump of Staphylococcus aureus CC8 is associated with 
the loss of a β-hemolysin converting prophage and the 
acquisition of a new staphylococcal cassette chromosome. 
PLoS One. 2013;8(3):e58187.

Riva A, Borghi E, Cirasola D, Colmegna S, Borgo F, Amato E, 
Pontello MM, Morace G. Methicillin-resistant Staphylo-
coccus aureus in raw milk: Prevalence, SCC mec typing, 
enterotoxin characterization, and antimicrobial resist-
ance patterns. J Food Prot. 2015 Jun;78(6):1142-6.

Saddiqe Z, Naeem I, Hannan A, Cheema Y. Extracts of Hy-
pericum ericoides possess antibacterial activity against 
clinical isolates of methicillin-resistant Staphylococcus 
aureus (MRSA). J  Appl Pharmacy. 2014 Sep  24;6(3): 
339-46.

Safarpoor Dehkordi F, Gandomi H, Basti AA, Misaghi A, 
Rahimi E. Phenotypic and genotypic characterization 
of antibiotic resistance of methicillin-resistant Staphylo-
coccus aureus isolated from hospital food. Antimicrob 
Resist Infect Control. 2017 Oct 4;6:104.

Sallam KI, Abd-Elghany SM, Elhadidy M, Tamura T. Mo-
lecular characterization and antimicrobial resistance 
profile of methicillin-resistant Staphylococcus aureus 
in retail chicken. J Food Prot. 2015 Oct;78(10):1879-84.

Seegers H, Fourichon C, Beaudeau F. Production effects 
related to mastitis and mastitis economics in dairy cattle 
herds. Vet Res. 2003 Sep-Oct;34(5):475-91.

Shrestha A, Bhattarai RK, Luitel H, Karki S, Basnet HB. 
Prevalence of methicillin-resistant Staphylococcus aureus 

https://www.agriculturejournals.cz/web/vetmed/


280

Original Paper	 Veterinarni Medicina, 68, 2023 (07): 271–280

https://doi.org/10.17221/80/2022-VETMED

and pattern of antimicrobial resistance in mastitis milk 
of cattle in Chitwan, Nepal. BMC Vet Res. 2021 Jul 7; 
17(1):239.

Skov R, Smyth R, Clausen M, Larsen AR, Frimodt-Moller N, 
Olsson-Liljequist B, Kahlmeter G. Evaluation of a ce-
foxitin 30 microg disc on Iso-Sensitest agar for detection 
of methicillin-resistant Staphylococcus aureus. J Antimi-
crob Chemother. 2003 Aug;52(2):204-7.

Taylor JL, Rabe T, McGaw LJ, Jager AK, Van Staden J. To-
wards the scientific validation of traditional medicinal 
plants. Plant Growth Regul. 2001 May;34(1):23-37.

Turkyilmaz S, Tekbiyik S, Oryasin E, Bozdogan B. Molecu-
lar epidemiology and antimicrobial resistance mecha-
nisms of methicillin-resistant Staphylococcus aureus 
isolated from bovine milk. Zoonoses Public Health. 2010 
May;57(3):197-203.

Uysal A, Gunes E. Antimicrobial and anti-MRSA effects 
of  three extracts of  some Hypericum species against 
standard microorganisms and methicillin resistant Staph-
ylococcus aureus (MRSA) strains. Curr Bioac Compd. 
2015 Sep 1;11(3):146-51.

Uysal A, Zengin G, Mollica A, Gunes E, Locatelli M, 
Yilmaz T, Aktumsek A. Chemical and biological insights 
on Cotoneaster integerrimus: A new (-)- epicatechin 
source for food and medicinal applications. Phytomedi-
cine. 2016 Sep 15;23(10):979-88.

Wang Y, Wu CM, Lu LM, Ren GW, Cao XY, Shen JZ. Mac-
rolide-lincosamide-resistant phenotypes and genotypes 
of Staphylococcus aureus isolated from bovine clinical 
mastitis. Vet Microbiol. 2008 Jul 27;130(1-2):118-25.

Wikler MA. Performance standards for antimicrobial disk 
susceptibility tests: Approved standard. Pennsylvania, 
USA: Clinical and Laboratory Standards Institute; 2006. 
p.  100-16.

Witte W, Strommenger B, Stanek C, Cuny C. Methicillin-
resistant Staphylococcus aureus ST398 in humans and 
animals, Central Europe. Emerg Infect Dis. 2007 Feb;13(2): 
255-8.

Zengin G, Uysal A, Gunes E, Aktumsek A. Survey of phy-
tochemical composition and biological effects of three 
extracts from a wild plant (Cotoneaster nummularia Fisch. 
et Mey.): A potential source for functional food ingredi-
ents and drug formulations. PLoS One. 2014 Nov 19; 
9(11):e113527.

Received: September 13, 2022
Accepted: June 19, 2023

Published online: July 27, 2023

https://www.agriculturejournals.cz/web/vetmed/

