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This paper aimed to estimate the influence of peppermint (Mentha × piperita L.) 
leaves grinding on the essential oil (PEO) yield, composition, antibacterial and 
antifungal activities. Besides positively affecting the yield, grinding provided PEO 
with 44 compounds, compared to 33 compounds isolated from non-ground leaves. 
The most abundant compounds in both PEOs were menthol and menthone. PEO 
isolated from the ground leaves expressed higher antibacterial and antifungal ac-
tivities, with S. aureus and C. albicans being the most susceptible microorganisms. 
According to these results, PEO from ground leaves has the potential to be used 
in food industry and packaging, production of nutraceuticals, natural pharmaceu-
ticals and cosmetics.
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Introduction 

Peppermint (Mentha × piperita L., or Mentha bal-
samea Wild) is one of the representatives from La-
miaceae family. It is a perennial and aromatic plant, 
grown worldwide, traditionally used for various illness-
ness and conditions [1, 2]. Peppermint is regarded as a 
valuable plant for large-scale manufacturing of various 
industrial products: teas, candies, alcoholic and non-
alcoholic beverages, cosmetic body-and-hair formula-
tions, cleaning products, oral hygiene products, natural 
pharmaceuticals (oral gels, creams, ointments, tooth-
pastes, sprays, plant-based capsules) etc.

Nowadays, essential oils are given higher impor-
tance due to their broad spectrum of usage in differ-
ent industries. Moreover, since the majority of essential 
oils are generally recognized as safe, essential oil-con-
taining products are widely accepted and purchased 
by consumers [3]. Since some essential oils exhibit 
high antimicrobial and antioxidant activities, they are 
especially considered valuable in food production and 
packaging, as well as designing natural cosmetic and 
pharmaceutical formulations.

Peppermint essential oil (PEO) is extracted from inflo-
rescences, leaves and stems. This species of pepermint 
is found around the world, so its chemical composition 
from different areas varies [4, 5, 6, 7, 8, 9, 10]. The most 
abundant PEO components are menthol and menthone [7, 
11, 12, 13,14]. Also, high percentages of carvone [15, 16], 
α-terpinene [10], menthyl acetate [9,12, 14, 17, 18,] and li-
monene [19] have been reported.

PEO is used in treatment of cold, topically as an an-
algesic and for treatment of many diseases of the skin, 
circulatory, respiratory, digestive, immune and nervous 
systems [1, 20]. PEO has been praised for its antioxi-
dant [4, 6, 8, 21, 22, 23, 24], antibacterial [7, 11, 12,16, 
18, 19, 20, 23, 24, 25] and antifungal activities [12, 16, 
17, 26]. Different strength of antimicrobial activity of 
Mentha spp. essential oils is associated with variations 
in their chemical composition [11, 22, 23] or their com-
binations [12].

Grinding of plant parts has been proven to be quite 
important pretreatment step in the essential oil isolation, 
providing the samples with higher yields [27]. Grinding 
reduces the size of plant material, disrupts the essen-
tial oil-containing cells and increases their surface area 
and permeability. This ensures easier oil isolation by 
solvents. Studies on the impact of grinding different 
plant materials provide valuable information on maxi-
mizing the yield, content and activity of the extracted oil.

The present paper aimed to examine the effect of Ser-
bian peppermint leaves grinding on the PEO yield, con-
tent, antibacterial and antifungal activities. These findings 
have a beneficial impact for the industry, especially food 
industry and packaging, production of nutraceuticals, nat-
ural pharmaceuticals and cosmetics. This paper is a con-
tinuation of our plant material grinding-focused investiga-
tions regarding essential oils isolation and improving their 
quality and biological activities. According to the available 
literature, no similar data have been found.
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Experimental

Material and chemicals
Peppermint leaves were picked and collected from 

the mountain field in Stara Planina, Serbia (43°22′10″N 
22°36′32″E). The dried leaves were separated in two 
piles. The first was ground in an electric grinder before 
the essential oil isolation, while the second pile was not 
ground and used as it is [27]. Dimethylsulfoxide (≥99%, 
Sigma Aldrich, Munich, Germany) was used.

PEO extraction 
Fifty grams of dried peppermint leaves (ground and 

non-ground) were soaked in water and subjected to 
Clevenger-type hydrodistillation for 3 h [27]. The pro-
cedure is described in detail in Milenković et al. [28]. 
Three replicates were performed for both PEO extrac-
tions. The results represent the mean value ± standard 
deviation.

Identification of PEO components
The conditions of GC–MS (gas chromatography-

mass spectrometry) and GC–FID (gas chromatogra-
phy-flame ionization detection) analyses were identical 
to those given in Ilić et al. (2019) [27] except the oven 
program used; starting and final temperature 60 and 
246 °C (rate of 3 °C/min). Quantification was done by 
area normalization using response factors method.

Antimicrobial activities of PEOs
Seven bacteria (Staphylococcus aureus ATCC 

25923, Enterococcus faecalis ATCC 51299, Listeria 
monocytogenes ATCC 19118, Escherichia coli ATCC 
25922, Salmonella enteritidis ATCC 13076, Klebsiella 
pneumoniae ATCC 700603, Proteus vulgaris ATCC 
8427) and one yeast (Candida albicans ATCC 2091) 
were selected for evaluating the antimicrobial activity 
of PEOs. 

The details of disc diffusion method for determina-
tion of PEOs' antimicrobial activity are given in Ilić et 
al. [27]; the differences being the usage of sterilized 6 
mm diameter paper discs (Schleicher & Schuell) and 
standardized 6 mm diameter discs of gentamicin (10 
µg/disc) and fluconazole (10 μg/disc) as positive con-
trol. Dimethylsulfoxide was used as negative control. 
These tests were triplicated and the results represent 
the mean value ± standard deviation.

The conditions used for minimal inhibitory concen-
tration (MIC) determination were given in Ilić et al. [ 
27]. Three replicates were performed for all oils against 
each microorganism.

Statistical analysis
The results were reported in terms of mean value 

± standard deviation. The software SPSS 23.0 (IBM, 
USA) performed statistical analysis: ANOVA (analysis 
of variance) combined with Tukey’s multiple compari-
son test (the significance level p < 0.05).

Figure 1. TIC chromatogram of essential oil isolated from ground (a) and non-ground (b) peppermint leaves.
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Results and discussion

Qualitative and semi-quantitative composition of PEOs 
PEO yield from ground and non-ground peppermint 

leaves were 5.1 ± 0.4 and 4.2 ± 0.2%, respectively. 
Grinding increases the plant material/solvent contact 

surface area, enhancing essential oil extraction and 
providing higher yield [27].  Both qualitative and quan-
titative PEOs compositions were different (Figure 1, Ta-
bles 1-2).

Table 1. Constituents of PEO isolated from ground peppermint leaves.
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Table 2. Chemical composition of peppermint essential oil isolated from non-ground leaves.

PEO derived from the ground peppermint leaves 
consisted of 44 compounds (Fig. 1a) representing 99.7 
± 0.26% of total oil composition (Table 1), while PEO 
from non-ground peppermint leaves consisted of 33 
compounds (Fig. 1b) constituting 99 ± 0.79% of total 
oil composition (Table 2). Components present only in 
PEO from ground leaves were: α-humulene, isopulegol, 
terpinolene, linalool, β-bourbonene, bicyclogermacrene, 
(E)-anethole, δ-cadinene, iso-menthone, methyl chavi-
col, dehydro-sabina ketone, 2-methyl butyl-2-methyl 
butyrate, 2-methyl butyl isovalerate and (3Z)-hexenyl-
3-methyl butanoate. On the other hand, trans-dihydro-
α-terpineol, δ-elemene and cis-dihydro-α-terpineol were 
detected only in PEO from non-ground peppermint 
leaves. 

The main component available in both PEOs were 
oxygen-containing monoterpenes (92.6 ± 0.7 and 90.9 ± 
0.17% from oil isolated from ground and non-ground pep-
permint leaves, respectively), followed by monoterpenes 
(4.4 ± 0.46 and 5.3 ± 1.05%, respectively) and sesquit-
erpene hydrocarbons (2.6 ± 0.5 and 2.6 ± 0.6%, respec-
tively). The most abundant components present in both 
PEOs were menthol and menthone, with equal amounts 
of myrcene, 3-octanol, neoiso-menthol, α-thujene, (Z)-
β-ocimene, carvone and α-copaene. PEO from ground 

leaves had larger amounts of menthone, menthol, p-cy-
mene, germacrene D, α-terpinene, γ-terpinene, cis-sabi-
nene hydrate, neo-menthyl acetate and iso-menthyl ac-
etate. On the other hand, PEO from non-ground leaves 
had larger amounts of menthyl acetate, 1,8-cineole, li-
monene, (E)-caryophyllene, β-pinene, α-pinene, pule-
gone, sabinene, iso-menthol, piperitone, α-terpineol and 
caryophyllene oxide. Although menthofuran and neo-
menthol were detected in both PEOs, these two com-
pounds formed a larger peak with cis-dihydro-α-terpineol 
in the oil from non-ground leaves (9.8 ± 0.8%) than with 
iso-menthone in the oil from ground leaves (6.9 ± 1.1%).

PEO is primarily composed of menthol, menthone, 
menthofuran and menthyl acetate, with the content de-
pending on climate conditions, cultivated variety and 
geographic location, among other factors [23]. Horváth & 
Koščová  [20] reported that the major component in PEO 
from Czech Republic was menthol, constituting more 
than 40% of oil, followed by menthone in almost a quar-
ter of total oil composition. Similar results were reported 
for commercial PEO from Serbia produced by steam 
distillation from aerial peppermint parts [29]. The main 
compound in PEO isolated by hydrodistillation from the 
aerial peppermint parts from Iran was menthol (almost 
a half of total oil), 16% of oil was menthone, followed 
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by similar amounts of menthofuran and cis-carane (less 
than 9% of each compound), 1,8-cineole and neo-men-
thol (less than 4.5% of each compound) and more than 
2% limonene [30]. The content of components in PEO 
obtained by steam distillation from peppermint grown in 
Mexico was in order menthol ˃ menthofuran ˃ mentho-
ne ˃ menthyl acetate [31]. Afridi et al. [15] isolated PEO 
from fresh mature peppermint leaves from Pakistan by 
steam distillation and reported significantly different con-
stituents in comparison to our results; close to half of 
their oil was carvone, quarter was menthol and almost 9 

and 6% were borneol and limonene, respectively. More-
over, 2-isopropylidenecyclohexanone and piperitone ox-
ide were also detected in their PEO.

Antimicrobial activity
The antimicrobial activity and MIC values for PEOs 

are listed in Table 3. 
 No inhibition was observed with dimethylsulfoxide 

(negative control, not shown in Table 3). According to the 
inhibition zones, PEO from ground peppermint leaves 
was proved be to be more effective than PEO isolated 

Table 3. Zones of growth inhibition (IZ, mm) and MIC values (μg/ml) for PEOs from groundand non-ground pep-
permint leaves.

from non-ground leaves against all tested microorgan-
isms, suggesting that grinding is also an important step 
for increasing the antimicrobial activity of the isolated oil 
(Table 3). 

S. aureus was the most susceptible to PEOs effect, 
especially after treatment with PEO isolated from ground 
peppermint leaves. On the other hand, standard antibiot-
ics were more efficient against S. aureus than PEO from 
non-ground leaves. Strong antibacterial activity of PEO 
against S. aureus was reported earlier [7, 12, 15, 20, 22, 
23, 25, 32].

The oil from ground leaves was also the most efficient 
against C. albicans, even more than the tested stand-
ard antifungal drugs. Moreover, the oil from non-ground 
leaves had the similar efficiency than fluconazole and 
higher than nystatin. According to some authors, C. albi-
cans showed high sensitivity to PEO, even higher than 
those reported for some bacteria [6,10,12].

E. faecalis was also the most sensitive to the oil from 
ground leaves, even more than to the standard antibac-
terial drugs. The sensitivity of E. faecalis to PEO was 
confirmed in the literature [12, 15].

Although standard antibacterial drugs were more po-
tent than both PEOs against E. coli, P. vulgaris, S. enter-
itidis, K. pneumoniae and L. monocytogenes, these bac-
teria were found to be more susceptible to the oil from 
ground leaves than to the oil from non-ground leaves, 
confirming the benefits of plant material milling pretreat-
ment.

Different locations of peppermint cause variations in 

PEO composition, which is reflected in its antimicrobial 
activity. PEO from Pakistan was quite effective against E. 
coli [15]. In a study by Sharafi et al. [32] this oil was the 
most efficient against E. coli, even more than against S. 
aureus and K. pneumoniae. E. coli was also more sensi-
tive than K. pneumoniae to Indian PEO [25]. Higher sus-
ceptibity of E. coli than that of S. aureus was ascribed to 
Turkish [6] and Iranian PEOs [10]. Different antibacterial 
potential of the oil against P. vulgaris [12], S. enteritid-
is [22, 33], K. pneumoniae [7, 12, 23] and L. monocy-
togenes [33] was also reported.

Essential oils are generally more efficient against 
Gram-positive bacteria; Gram-negative bacterial mem-
brane contains protective lipopolysaccharides success-
ful in prohibiting the diffusion of lipophilic compounds, 
while porins block the passing of larger molecules [34]. 
Since Gram-positive bacterial membrane does not con-
tain this barrier, penetration occurs much easier and 
leads to cell lysis [35, 36].

The highest susceptibility of C. albicans and S. au-
reus to oil was confirmed by lowest MIC values. The MIC 
values for essential oil from ground peppermint leaves 
were lower when E. coli, K. pneumoniae and P. vulgaris 
were tested, suggesting the grinding enables the isola-
tion of PEO with enhanced antimicrobial activity. PEO 
MIC values for E. faecalis and S. enteritidis were identi-
cal while the values for L. monocytogenes were unac-
quired even at maximum tested concentration.

Essential oils’ antimicrobial activity, among other fac-
tors, depends on structure and lipophilic nature of certain 
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present compounds [2]. Hydrophobic compounds inter-
act with the lipids located in microbial cell membranes, 
disturbing its functionality and resulting in cell death [37]. 
PEO from the ground peppermint leaves contains higher 
amount of oxygenated monoterpenes that could be a 
determinant factor for its higher antimicrobial activity. An-
timicrobial activity was previously reported for abundant 
components in PEO, namely menthol [11, 38], menthone 
[11] and 1,8-cineole [39]. Also, some minor compounds 
in the oil exhibit good antimicrobial activity such as li-
monene [3], β-pinene [38], α-pinene [38, 40, 41, 42], p-
cymene [38, 41], γ-terpinene [36]; α-terpineol [36] and 
linalool [38]. Increased PEO antimicrobial activity from 
ground peppermint leaves might be ascribed to the syn-
ergistic effect of components present therein, including 
minor compounds [2, 34, 43]. Lipophilic essential oils 
pass through skin and blood-brain barrier and express 
its activity [44], suggesting successful incorporation into 
varios food, pharmaceutical and cosmetic products.

Conclusion

PEO from ground and non-ground Serbian pepper-
mint leaves, isolated by hydrodistillation, contained 44 
and 33 compounds, respectively, with menthol and men-
thone being the most abundant. Higher antimicrobial ac-
tivity was observed with PEO from ground leaves, with 
S. aureus and C. albicans being the most susceptible to 
PEOs effect. These results suggest that PEO isolated 
from ground leaves has the potential to be used as a 
safe and natural antimicrobial preservative in food, phar-
maceutical and cosmetic products. In addition, these 
findings will be useful in promoting further progress and 
development of essential oil processing.
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Ispitivan je uticaj mlevenja lišća nane (Mentha × piperita L.) na prinos, sastav, anti-
bakterijsko i antigljivično delovanje etarskog ulja (PEO). Mlevenjem lišća nane posti-
glo se pozitivano dejstvo na prinos. Pored toga, mlevenjem se iz PEO dobilo 44 
jedinjenjenja, u poređenju sa 33 jedinjenja izolovanih iz PEO nesamlevenog biljnog 
materijala. Najzastupljenija jedinjenja u oba PEO-a bili su menthol i mentone. Iz 
samlevenog lišća nane izolovano PEO izrazilo je veće antibakterijsko i antigljivično 
delovanje, pri čemu su Staphilococus aureus i Candida albicans najosetljiviji mik-
roorganizmi. Na osnovu dobijenih rezultata, PEO iz samlevenog lišća nane ima po-
tencijal za upotrebu u prehrambenoj industriji, proizvodnji nutricionenata, prirodnih 
lekova i kozmetike. 
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