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ABSTRACT

Bovine mastitis causes a lot of economic losses, and the appearance of resistant strains of bacteria has led
to the use of alternative natural bioagents for treatment. It is generally believed that high levels of fat and/
or protein in foods may protect bacteria against the effects of essential oils (EOs). The purpose of this paper
was to investigate the effect of EOs of Mentha piperita (peppermint) and Mentha pulegium (pennyroyal)
on three bovine mastitis bacteria (Escherichia coli, Streptococcus agalactiae, and Staphylococcus aureus) in
milk. Gas chromatography/mass spectrometry was used for the analysis of EOs. Antibacterial effects of the
EOs on bacteria were evaluated with minimum bactericide concentration (MBC), minimum inhibitory
concentration (MIC), and time-kill assay. Major components of peppermint EO were carvone (63.02%) and
limonene (24.48%), and those of pennyroyal EO were pulegone (48.16%), eucalyptol (14.57%), and piperi-
tenone (10.09%). The MIC and MBC were 0.62% and 1.25% for pennyroyal, 0.31-1.25% and 0.62-2.5% for
peppermint, 0.31-0.62% and 0.62-2.5% for peppermint and pennyroyal, respectively. At 6-h, the bacterial
reduction of treatments compared to the control group was significant for E. coli and S. agalactiae bacteria.
The S. agalactiae and S. aureus counts significantly decreased in the peppermint and pennyroyal group at
24-h. In conclusion, peppermint and pennyroyal EO showed an antibacterial effect on these three bacteria
and can be evaluated as an adjunct or alternative to antibiotics in the treatment of bovine mastitis.
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Introduction

ovine mastitis is a universal disease caused by

many agents and affects the quality and quan-
tity of milk. Mastitis is the cause of most economic
losses in dairy cattle in many countries [1]. For a long
time, antibiotics have been the most important cure
and control program for mastitis. The appearance of
resistant strains of common bacteria in lactating ani-
mals has been due to the usage of antibiotics [2]. EOs
are secondary metabolites of plants and possess anti-
microbial activity. After long-term use, no side effects
in humans and resistance in bacteria have been ob-
served, making them a potential weapon in the fight
against bacterial diseases [3]. Antimicrobial effect of
EOs is not due to one specific mechanism because
there are several different chemical groups in the
structure of EO. Hydrophobicity of essential oils or
their components helps them to target the cell mem-
branes of bacteria that contain lipid. This property in-
creases the permeability of membranes, thus contents
of cell leak [4].

The Mentha species is the most common plant for
medicinal and health purposes [5]. Most studies have
shown the antibacterial ability of Mentha pulegium
(pennyroyal) and Mentha piperita (peppermint), two
of the Mentha species, against different bacteria [6,7].

Escherichia coli, Staphylococcus aureus, and Strep-
tococcus agalactiae cause various diseases. Moreover,
these bacteria are the most important causes of bovine
mastitis [8]. The most common treatment for mastitis
is intramammary antibiotics. Nutrients of milk, such
as fat and protein, may interfere with the antibacteri-
al agents and decrease the bioavailability of EOs [9].
It is essential to examine the antibacterial activity of
essential oils in milk before using them as an intra-
mammary infusion. In previous studies, we tested the
antimicrobial effects of essential oils from four oth-
er plants on these bacteria in milk [10,11]. Although
many studies have been conducted on the antibac-
terial effect of various EOs in laboratory media, few
studies exist investigating this antimicrobial effect in
milk. Therefore, in this study, we decided to study the

impact of peppermint and pennyroyal essential oils in
milk.

Result
GC/MS analysis

The chemical constituents of peppermint and pen-
nyroyal EO are given in Tables 1 and 2. Eight con-
stituents were determined in peppermint, which
represented 98.57% of the total oils. Carvone
(63.02%) and limonene (24.48%) were found as
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Table 1.
Chemical composition (relative % of peak area) of essential oil of
peppermint determined by GC-MS analyses.

No. Components tRetenti9n Aref,‘
ime (min) sum%

1 (-)-B-Pinene 4.931 0.91

2 D-Limonene 6.007 24.48

3 E;lhﬁ:flth's'en'z'one’ 10.177 2.88

4 (+)-Pulegone 11.23 2.13

5 (-)-Carvone 11.438 63.02

6 Carvyl acetate E 14.357 1.08

7 (-)-B-Bourbonene 15.039 0.88

8 Caryophyllene 15.939 3.19

Table 2.
.Phytochemical components (relative % of peak area) of penny-
royal essential oil assessed by GC-MS analyses.

No. Components tl.}:::l(lg?:) sﬁ:‘:‘;)
1 3-Carene 4.105 1.58
2 Sabinen 4.817 1.43
3 B-Pinene 4.936 2.12
4 B-Myrcene 5.103 0.76
5 Cymene 5.892 0.8

6 D-Limonene 6.003 2.37
7 Eucalyptol 6.08 14.57
8 iofyglstiefiﬁegh;?etha 8.939 261
9 Menthone 9.092 0.79
10 .p-Menthan-3-one 9.323 0.78
11 endo-Borneol 9.516 0.96
12 Isopulegon 9.592 0.92
13 L-.alpha.-Terpineol 10.112 0.95
14 Pulegone 11.285 48.16
15 Carvone 11.381 1.55
16 Piperitone 11.64 1.45
17 Thymol 12.601 1.02
18 Piperitenone 13.837 10.09
19 Terpinyl acetate 14.058 1.01
20 ; ;\f;g’ox‘/’s Propvl 505 4.17
21 Caryophyllene 15.942 1.42
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the major components. GC/MS
analysis of the pennyroyal EO
showed 21 various constituents
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Table 3.

MIC and MBC of peppermint and pennyroyal essential oils against bacteria compared
with a positive standard antibiotic (lincospectinomycin) in milk

. ) Bacteri MIC MBC
(99.51% of its chemical compo- acterium (%V/V) (%V/V)
sition). Three major compounds Escherichia coli 1.25 2.5
were: pulegone (48.16%), eu-
puicg ( 0)‘ . Peppermint Staphylococcus aureus 0.62 1.25
calyptol (14.57%), and piperi-
tenone (10. 09% ) Streptococcus agalactiae  0.31 0.62
Escherichia coli 0.62 1.25
MIC and MBC
Pennyroyal Staphylococcus aureus 0.62 1.25
The effects of peppermint, pen- Streptococcus agalactiae  0.62 1.25
nyroyal‘ EOs, anc} positive con- Escherichia coli 0.62 125
trol (lincospectinomycin) on
bacteria are declared in Table Peppermint+pennyroyal  Staphylococcus aureus 1.25 2.5
3. The antibacterial effect was Streptococcus agalactiae ~ 0.31 0.62
shown on the microorganisms. Escherichia coli 0.078 0.156
0
The MIC and MBC were 0.62% Lincospectinomycin Staphylococcus aureus 0.039 0.078
and 1.25% for pennyroyal, 0.31-
Streptococcus agalactiae  0.039 0.078

1.25% and 0.62-2.5% for pep-

MIC: minimum inhibitory concentration; MBC: minimum bactericidal concentration.
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Figure 2.

Time-kill curve for S. aureus exposed to 0% (¢, control) and sub-
MIC of peppermint (e) and pennyroyal (=) EOs in milk.
*<Values with different letters are significantly (p < 0.05) different
within the same time.

Time-kill curve for E. coli exposed to 0% (¢, control) and sub-MIC
of peppermint () and pennyroyal (=) EOs in milk.

< Values with different letters are significantly (p < 0.05) different
within the same time.
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Figure 3.

Time-kill curve for S. agalactiae ex-
posed to 0% (#, control) and sub-MIC
of peppermint () and pennyroyal (=)

Bacterial count (log cfu/ml)

. EOs in milk.
be < Values with different letters are sig-
be nificantly (p < 0.05) different within the
2 same time.
0
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permint, 0.31-0.62% and 0.62-2.5% for pepper-
mint and pennyroyal, respectively.

Time kill assay

The influence of peppermint and pennyroyal on
the bacteria is depicted in Figures 1, 2, and 3.
The bacterial counts of the treatment and control
groups were initially about 6.0 loglOcfu/ml for
all three bacteria. At 6-h, the bacterial reduction
of treatments compared to the control group was
significant for E. coli (p = 0.00) and S. agalactiae
(p = 0.01) bacteria. The S. agalactiae (p = 0.00)
and S. aureus (p = 0.01) counts significantly de-
creased in peppermint and pennyroyal group at
24-h.

Discussion

In our study, the main components of pepper-
mint were carvone (63.02%) and limonene (24.48%).
The Mentha piperita EO extracted from Poland in-
cluded menthyl acetate (19.2%), menthone (22.7%),
and menthol (29.0%) [12]. In another study from
Saudi Arabia, the main constituents of peppermint
were menthofuran (6.88%), menthyl acetate (8.95%),
menthone (24.56%), and menthol (36.02%) [5]. Ma-
jor chemical compositions of peppermint EO from
Brazil were terpin-4-ol (8.00%), 3-octanol (10.1%),
carvone (23.42%), and linalool (51.0%) [13]. In sev-
eral studies from Iran, major components of pepper-
mint were reported as 1,8-cineole (2.15%), menthyl
acetate (4.61%), menthofuran (6.49%), and menthol
(25.16%) [14]; menthofuran (11.18%), menthyl ace-
tate (15.1%) and menthol (53.28%) [6]; isomenthone
(10.3%), trans-carveol (14.5%), pipertitinone oxide
(19.3%), and a-terpene (19.7%) [15]. The major com-
ponents of peppermint in our study were similar to a
previous study from Iran [15] but different from other
Iranian studies [6, 14].

Carvone is an oxygenated monoterpene and lim-
onene is a monoterpene hydrocarbon. Most of the an-
timicrobial activity in the oils has been attributed to
the oxygenated monoterpenes [16]. The mechanism
of monoterpene’s antimicrobial action is mainly as-
sociated with the lipophilic nature of their aglycones,
which allows them to rapidly cross biological mem-
branes and then interact with a plethora of biomole-
cules [17].

Major constituents of pennyroyal in the present
study were pulegone (48.16%), eucalyptol (14.57%),
and piperitenone (10.09%). These results are similar
to EO from Iran [18] that report (E)-p-mentha-2-
en- 1-ol (12.157%), 3,3'-dimenthol (18.859%), and
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cis-pulegone oxide (45.676%) as major components
and essential oil from Portugal [19] represents pule-
gone (86.64%), isomenthone (4.60%), and piperi-
tenone (2.58%) as main components. Also, another
study from Portugal reported the main components
of pennyroyal as neo-menthol (9.2%), pulegone
(23.2%), and menthone (35.9%) [20]. The difference
in principle components may be the result of climate,
the effect of sunlight, and geographical conditions.

The strong antibacterial activity of pulegone have
been demonstrated against a set of bacteria, including
S. typhimurim and E. coli. Cytotoxicity of this essen-
tial oil appears to include a bacterial membrane dam-
age that occurs when the essential oil passes through
the cell wall and cytoplasmic membrane, and disrupts
the structure of their different layers of polysaccha-
rides, fatty acids and phospholipids [20].

To the best of our knowledge, there is no study
about the antibacterial effects of peppermint and pen-
nyroyal oil against these three bacteria in milk. Nev-
ertheless, various MIC and MBC values have been
declared against S. aureus and E. coli in laboratory me-
diums. In one study, the MIC value ranged from 0.39
to 3.12 mg/ml, and the MBC value ranged from 0.78
to 12.48 mg/ml for peppermint against multidrug-re-
sistant strains of S. aureus [12]. In other studies, MIC
values of peppermint were reported against reference
strains of S. aureus 0.5 mg/ml [21], 0.75 + 0.03 pg/ml
[5], 0.10% [22] and against E. coli 0.20 £ 0.09 pg/ml
[5] and 0.25% [22]. The MIC and MBC of pennyroyal
oil reported by Luis and Domingues (2021) against
E. coli and S. aureus were %8. In another study, MIC
and MBC of pennyroyal against S. aureus and E. coli
were reported 0.004% and 0.0005%, respectively [23].
In our study, the MIC of peppermint against E. coli
and S. aureus was 1.25% and 0.62%, respectively and
the MIC of pennyroyal on S. aureus and E. coli was
0.62% which was higher than most of other studies in
the laboratory mediums.

Based on findings of the present study, the anti-
bacterial activity of peppermint and pennyroyal was
lower than lincospectin in milk, but in a previous
study, the antibacterial effect of peppermint was the
same (Streptococcus agalactiae) or higher (S. aureus
and E. coli) than lincospectin and pennyroyal effect
on Streptococcus agalactiae was higher than linco-
spectin in laboratory synthetic media [24].

According to the MIC and MBC results of
the present study, E. coli (Gram-negative bacteria)
was more resistant than S. aureus and S. agalactiae
(Gram-positive bacteria) to peppermint EO. The re-
sistance of the three bacteria to pennyroyal EO was
the same. The resistance of Gram-negative bacteria
is due to the outer membrane surrounding the cell
wall which restricts the diffusion of hydrophobic

Effect of peppermint and pennyroyal on mastitis bacteria
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compounds through the lipopolysaccharide. In addi-
tion, the periplasmic space contains enzymes, which
are able to break down foreign molecules introduced
from outside [25].

Significant reductions in bacterial population
were observed at 6 and 24-hour in the time-Kkill assay.
The antibacterial activity of peppermint and penny-
royal oil appears promising based on their activity at
sub-MIC concentrations. To the best of our knowl-
edge, we did not find any other studies comparing the
impact of these essential oils on the bacteria in milk.

Though much information exists about the an-
tibacterial activity of EOs, many studies have been
done in model broth systems. The essential oil con-
centrations for antibacterial effect are higher in com-
plex foodstuffs such as vegetables, dairy products, fish,
and meat than in laboratory media [26]. For the ap-
plication of essential oils in the treatment of bovine
mastitis, oils must have miscibility in milk and obtain
in vivo antibacterial effect in milk. In this study, we
investigated the antibacterial effect of peppermint and
pennyroyal EOs using the MIC&MBC method and
time-kill assay in milk. According to MIC and MBC
results, the antibacterial effects of our EOs were low-
er in milk than those effects in laboratory mediums
in other studies. In a few studies, the activity of es-
sential oils in milk and laboratory medium has been
compared. Zhue et al. (2016) studied the antibacterial
effect of Cinnamon cassia on major bacterial bovine
mastitis in culture media and its miscibility in milk
[9]. They showed that 4 MBC of oil of C. cassia was
eliminated and had similar activity against S. aureus
and E. coli 29 in milk within 8 hours [9]. In another
study, milk composition, especially fat content, de-
creased the antibacterial efficacy of eugenol in milk
[27].

In conclusion, peppermint and pennyroyal essen-
tial oils exhibited antibacterial properties against the
three bacteria tested, indicating potential as a supple-
ment or alternative to antibiotics in treating bovine
mastitis.

Materials and Methods

Essential oils Analysis

EOs of peppermint and pennyroyal were ob-
tained from Dorrin Golab Company, Kashan, Iran.
Chemical composition determination was conducted
with gas chromatography coupled to GC/MS (Model
5977 A, Agilent Technologies, USA) using an HP-5MS
capillary column with an internal diameter of 0.25
mm and film thickness of 0.25 pm. The temperature
of the injection port was set to 260 °C, while the oven
temperature was programmed to increase from 50°C

Effect of peppermint and pennyroyal on mastitis bacteria
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to 250°C at a rate of 4°C per minute. Helium was used
as the carrier gas, with an injection volume of 1ul and
a flow rate of 1 mL/min.

Cultures and Medias

The antibacterial effects were assessed against
three major mastitis reference bacteria purchased
from Persian Type Culture Collection, Tehran, Iran
(PTCC) as a lyophilized culture: one gram-negative
bacteria (Escherichia coli ATCC 25922) and two
gram-positive bacteria (Streptococcus agalactiae
ATCC 13813 and Staphylococcus aureus ATCC 9144).
Cultures were prepared with twice the growth of the
lyophilized cultures in tryptic soy broth (TSB) (Bio-
life, Milano, Italy) for 18 - 20 h at 37 °C. Sterile glycer-
in (1:5) was used for dilution of the cultures, and these
cultures were kept at - 20 °C. Stock cultures were ob-
tained by twice culture in TSB and streaking on tryp-
tic soy agar (TSA) (Biolife, Milano, Italy) slant. After
incubation at similar conditions, these cultures were
kept at 4 °C and subcultured once a month [28].

Inoculum Preparation

Bacterial inoculum was obtained by transferring
cells from working cultures to TSB tubes, and after
incubation for 18 h at 35 °C, the subcultures were
performed. The optical density (OD) (absorbance) of
the bacterial broth cultures was adjusted to an optical
density at 600 nm of 0.1 with a spectrophotometer (Li-
bra S12, Biochrom Ltd., Cambridge, London). The cell
concentration of these cultures was 1.64 x 1011 cfu/
ml of S. agalactiae, 3.4 x 1010 cfu/ml of S. aureus, and
2.4 x 1011 cfu/ml of E. coli [28].

Preparation of Milk

Free antibiotic residue milk was obtained and
sterilized with autoclavation (121 °C, 15 min) [4].

Determination of MIC and MBC

DMSO (Sigma, Germany) was used to increase
the solubility of EOs in milk with the preparation of a
1:1 dilution of the oils. Antibacterial analysis was done
using this dilution. Autoclaved milk was applied as the
growth medium rather than the laboratory medium.
MIC was determined using double serial dilutions
(10,5, 2.5,1.25,0.62,0.31, 0.15, and 0.07%) of the oils
in milk. These tubes containing 1 mL of liquid were
vortexed for 90 s. 100 pl of 1:400 dilution of bacteri-
al inoculums were inoculated in tubes, and after 15 s
vortex, the cultures were incubated at 37 °C for 24 h.
After the vortex, eight dilutions (10-fold) were made
with 0.1 mL of culture and normal saline. Eighths of
a TSA plate were inoculated with dilutions and incu-
bated at 37 °C for 24 h. Then, bacterial counts were
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determined. The lowest concentration that did not
result in the growth of bacteria after subculture on
TSA was regarded as MBC. MIC was considered the
Ante-MBC concentration [9].

For assessment of synergism/antagonism in anti-
bacterial action between the EOs of peppermint and
pennyroyal, the essential oils were mixed volume to
volume (1:1). Some controls were employed in exper-
iments. The negative control was milk to assess au-
toclavation. Positive control was milk containing the
bacteria to evaluate the growth of bacteria in the milk.
Also, bacterial culture and DMSO without the EOs
were other positive controls. Another control was the
antibiotic Linco-Spectin (Linco-Spectin 5% + specti-
nomycin 10%) (Lincoject, Rooyan Darou, Semnan,
Iran) to compare the antibacterial activity of essential
oils. Each treatment was done in duplicate. Each trial
was repeated at two separate times.

Time-kill assay

Sub-MIC of EOs and each bacteria were inocu-
lated to milk. Inoculated media lacking in EO were
regarded as control. After 0, 6, 10, and 24 h of incu-
bation at 37 °C nine 10-fold dilutions using sterile
normal saline were created. TSA plates were used to
plate on dilutions, and after incubation for 24 h at 37
°C, a count of bacteria in dilutions was carried out.
Each trial was repeated at two separate times. Plotting
log10 cfu/ml versus time (hour) was used to construct
curves [9,28].

Statistical analysis

The data were analyzed utilizing one-way ANO-
VA along with Tukey’s test employing the SPSS (18)
software (IBM Corp., Armonk, NY, USA) at p <0.05).

Authors' Contributions

R.R.: study design and preparation of manu-
script. S.N.: conduct the study and data collection.
J.B.K.: analysis and interpretation of the data.

Acknowledgements
The authors would like to thank Gonbad Kavous
University for funding this project.

Competing Interests

The authors declare that there is no conflict of in-
terest regarding to publication of this paper.

Rahchamani R. et al.,, IJVST 2023; Vol.15, No.4
DOI: 10.22067/ijvst.2023.80895.1227

34

RESEARCH ARTICLE

Reference

1.

11.

Montironi ID, Cariddi LN, Reinoso EB. Evaluation of the an-
timicrobial efficacy of Minthostachys verticillata essential oil
and limonene against Streptococcus uberis strains isolated
from bovine mastitis. Rev Argent Microbiol. 2016;48(3):210-
6. do0i:10.1016/j.ram.2016.04.005.

Alekish MO, Ismail ZB, Awawdeh MS, Shatnawi S. Effects of
intramammary infusion of sage (Salvia officinalis) essential
oil on milk somatic cell count, milk composition parameters
and selected hematology and serum biochemical parame-
ters in Awassi sheep with subclinical mastitis. Vet World.
2017;10(8):895-900. doi:10.14202/vetworld.2017.895-900.

Perini S, Piccoli RH, Nunes CA, Bruhn FRP, Custédio DAC,
Costa GM. Antimicrobial activity of essential oils against
pathogens isolated from Bovine Mastitis. ] Nat Prod Plant
Resour. 2014;4(2):6-15.

Ananda Baskaran S, Kazmer GW, Hinckley L, Andrew SM,
Venkitanarayanan K. Antibacterial effect of plant-derived an-
timicrobials on major bacterial mastitis pathogens in vitro. J
Dairy Sci. 2009; 92(4): 1423-1429.

Desam NR, Al-Rajab AJ, Sharma M, Mylabathula MM,
Gowkanapalli RR, Albratty M. Chemical constituents,
in vitro antibacterial and antifungal activity of Mentha x
Piperita L. (peppermint) essential oils. J King Saud Univ.
2019;31(4):528-33. d0i:10.1016/j.jksus.2017.07.013.

Saharkhiz M]J, Motamedi M, Zomorodian K, Pakshir K, Miri
R, Hemyari K. Chemical Composition, Antifungal and Anti-
biofilm Activities of the Essential Oil of Mentha piperita L. .
ISRN Pharm. 2012; 2012:1-6. d0i:10.5402/2012/718645.

Parham S, Kharazi AZ, Bakhsheshi-Rad HR, Nur H, Ismail
AEFE Sharif S, et al. Antioxidant, antimicrobial and antiviral
properties of herbal materials. Antioxidants. 2020;9(12):1-
36. d0i:10.3390/antiox9121309.

Contreras GA, Rodriguez JM. Mastitis: Comparative etiol-
ogy and epidemiology. ] Mammary Gland Biol Neoplasia.
2011;16(4):339-56. d0i:10.1007/s10911-011-9234-0.

Zhu H, Du M, Fox L, Zhu M]. Bactericidal effects of Cin-
namon cassia oil against bovine mastitis bacterial patho-
gens. Food Control. 2016;66:291-9.d0i:10.1016/j.food-
cont.2016.02.013.

. Noori S, Rahchamani R, Kohsar JB, Binabaj FB. Antibacte-

rial effect of Lavandula stoechas and Origanum majorana
essential oils against Staphylococcus aureus, Streptococ-
cus agalactiae, and Escherichia coli. Iran J Vet Sci Technol.
2019;11(1):35-41. doi:10.22067/veterinary.v1il1.77679.

Zarooni S, Rahchamani R, Ghanbari F, Khanahmadi A.
Antibacterial effect of Satureja hortensis and Salvia offi-
cinalis essential oils against major bovine mastitis bacte-
ria. Iran J Vet Sci Technol. 2021;13(1):75-81.d0i:10.22067/
ijvst.2021.68752.1017.

Effect of peppermint and pennyroyal on mastitis bacteria



RESEARCH ARTICLE

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kot B, Wierzchowska K, Piechota M, Czerniewicz P, Chr-
zanowski G. Antimicrobial activity of five essential oils from
lamiaceae against multidrug-resistant Staphylococcus au-
reus. Nat Prod Res. 2019;33(24):3587-91. doi:10.1080/1478
6419.2018.1486314.

Sartoratto A, Machado ALM, Delarmelina C, Figueira GM,
Duarte MCT, Rehder VLG. Composition and antimicrobial
activity of essential oils from aromatic plants used in Bra-
zil. Brazilian ] Microbiol. 2004; 35(4):275-80. doi:10.1590/
S$1517-83822004000300001.

Moghaddam M, Pourbaige M, Tabar HK, Farhadi N, Hos-
seini SMA. Composition and antifungal activity of pep-
permint (Mentha piperita) essential oil from Iran. ] Essent
Oil-Bearing Plants. 2013;16(4):506-12. doi:10.1080/097206
0X.2013.813265.

Yadegarinia D, Gachkar L, Rezaei MB, Taghizadeh M, Astaneh
SA, Rasooli I. Biochemical activities of Iranian Mentha piper-
ita L. and Myrtus communis L. essential oils. Phytochemistry.
2006;67(12):1249-55. doi:10.1016/j.phytochem.2006.04.025.

Aggarwal KK, Khanuja SPS, Ateeque A, Santha kumar TR,
Vivek KG, Kumar S. Antimicrobial Activity Profiles of the
Two Enantiomers of Limonene and Carvone Isolated from
the Oils of Mentha Spicata and Anethum Sowa. Flavour and
Fragrance J. 2002; (17): 59-63. doi:10.1002/11}.1040.

Le$nik S, Furlan V, Bren U. Rosemary (Rosmarinus Offic-
inalis L.): Extraction Techniques, Analytical Methods and
Health-Promoting Biological Effects. Phytochemistry Rev.
2021; 20 (6): 1273-1328. d0i:10.1007/s11101-021-09745-5.

Dehghani N, Afsharmanesh M, Salarmoini M, Ebrahimnejad
H. Characterization of pennyroyal (Mentha pulegium) essen-
tial oil as an herbal, antibacterial, and antioxidant substance.
Comp Clin Path. 2018;27(6):1575-81. doi:10.1007/s00580-
018-2776-4.

Luis A, Domingues E Screening of the potential bioactivities
of pennyroyal (Mentha pulegium L.) essential oil. Antibiot-
ics. 2021;10(10):1266. doi:10.3390/antibiotics10101266.

Teixeira B, Marques A, Ramos C, Batista I, Serrano C, Ma-
tos O, et al. European pennyroyal (Mentha pulegium) from
Portugal: Chemical composition of essential oil and antiox-
idant and antimicrobial properties of extracts and essential
oil. Ind Crops Prod. 2012;36(1):81-7. doi:10.1016/j.ind-
crop.2011.08.011.

Kang J, Jin W, Wang J, Sun Y, Wu X, Liu L. Antibacteri-
al and anti-biofilm activities of peppermint essential oil
against Staphylococcus aureus. Lwt- Food Sci Technol.
2019;101:639-45. doi:10.1016/j.1wt.2018.11.093.

Catherine AA, Deepika H, Negi PS. Antibacterial activity of
eugenol and peppermint oil in model food systems. J Essent
Oil Res. 2012;24(5):481-6. doi:10.1080/10412905.2012.7035
13.

23. Mahboubi M, Haghi G. Antimicrobial activity and chemical

Effect of peppermint and pennyroyal on mastitis bacteria

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

24.

25.

26.

27.

28.

composition of Mentha pulegium L. essential oil. J Ethno-
pharmacol. 2008; 119: 325-7. doi: 10.1016/j.jep.2008.07.023.

Rahchamani R, Noori S, Bayat Kouhsar J. Antibacterial ef-
fect of essential oils of peppermint and pennyroyal on major
bovine mastitis bacteria. New Find Vet Microbio. 2023; 6(1):
64-75. do0i:10.22034/NFVM.2023.385595.1175.

Bouyahya A, Et-Touys A, Abrini J, Talbaoui A, Fellah H,
Bakri Y, et al. Lavandula stoechas essential oil from Morocco
as novel source of antileishmanial, antibacterial and antiox-
idant activities. Biocatal Agricul Biotechnol. 2017; 12: 179-
184. doi:10.1016/j.bcab.2017.10.003.

Burt S. Essential oils: their antibacterial properties and po-
tential applications in foods—a review. Int ] Food Microbiol.
2004; 94:223-53. d0i:10.1016/j.ijfoodmicro.2004.03.022.

Gaysinsky sylvia, Taylor TM, Davidson PM, Bruce BD,
Weiss J. Antimicrobial efficacy of eugenol microemul-
sions in milk against Listeria monocytogenes and Esch-
erichia coli O157:H7. J Food Prot. 2007;70(11):2631-7.
do0i:10.4315/0362-028X-70.11.2631.

Basti AA, Misaghi A, Khaschabi D. Growth response and
modelling of the effects of Zataria multiflora Boiss. essen-
tial oil, pH and temperature on Salmonella Typhimurium
and Staphylococcus aureus. LWT - Food Sci Technol. 2007
Aug;40(6):973-81. doi:10.1016/j.1wt.2006.07.007.

Rahchamani R. et al., I[JVST 2023; Vol.15, No.4
DOI: 10.22067/ijvst.2023.80895.1227

35



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY RESEARCH ARTICLE

COPYRIGHTS

©2023 The author(s). This is an open access article distributed under the terms of the

Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, @
and reproduction in any medium, as long as the original authors and source are cited. No

permission is required from the authors or the publishers.

How to cite this article

Rahchamani R, Noori S, Bayat Kouhsar J. The antimicrobial activity of peppermint and pennyroyal essential oil on three masti-
tis-causing pathogens in milk. Iran J Vet Sci Technol. 2023; 15(4): 29-36.

DOIL https://doi.org/10.22067/ijvst.2023.80895.1227

URL:https://ijvst.um.ac.ir/article_44407.html

Rahchamani R. et al,, IJVST 2023; Vol.15, No.4 Effect of peppermint and pennyroyal on mastitis bacteria
DOI: 10.22067/ijvst.2023.80895.1227

36



