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ABSTRACT
With ongoing use of preservative chemical compounds in the food industry, in addition to the challenge of microbial resistance,
also there is growing concerns over side effects of these compounds. So, the use of herbal essential oils in food preservatives
with much less side effects and sometimes even positive effects, has been considered. Therefore, in the present study, the
antibacterial effects of Nisin and Satureja montana essential oil have been studied separately and in combination on standard
strains of Escherichia coli and Staphylococcus aureus, that are important bacteria in food microbial contamination.
Constituents analysis of Satureja essential oil was performed by GC/MS. Antimicrobial susceptibility testing as Minimum
Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) was performed by Broth micro dilution
method and evaluation of interactions between the compounds, was performed by calculating FIC index (Fractional Inhibitory
Concentration) method. Antimicrobial susceptibility test showed that MIC and MBC of Satureja montana essential oil and Nisin
on S.aureus were 1.25mg/ml and ≤7.8I.U/ml, respectively. and MIC and MBC of Satureja montana and Nisin on E.coli were
<10mg/ml and 1000 I.U/ml, respectively. Results of FIC index revealed that antibacterial effects of Satureja montana in
combination with Nisin on E.coli O157 , synergistically increased. While, antibacterial effect of the above mentioned compounds
on S.aureus was indifferent. Present study showed a significant improvement in the antibacterial effects of Satureja montana
essential oil in combination with Nisin on E.coli compared to S.aureus. The effect of Nisin alone on gram-negative bacteria is
weak and now faces the challenge of microbial resistance. However, obtaining a stable combination of herbal essential oils
containing antimicrobial agents such as Carvacrol for use in food preservation, can be a good point for further research and
development.
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INTRODUCTION
Today, the use of chemical preservatives, is the
most important way for a long-term food

preservation [1]. Frequent use of these chemical
compounds such as sodium benzoate, benzoic acid,
sodium sorbate, sodium nitrate and potassium
sorbate has been followed by some side effects
including behavioral disorders in children such as
Attention-deficit hyper activity disorder (ADHD)
[2, 3]. Overuse of food chemical preservatives and
their side effects as well as increasing rate of
antibiotic resistance in the recent years, has
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created a growing interest of using extracts and
herbal medicines with antibacterial nature as the
food preservatives. Extracts and the essential oils
have antimicrobial, antifungal and antioxidant
properties and are able to control the pathogens
growth. One of the most important antimicrobial
preservatives used in food industry is Nisin. Nisin
is a kind of amphipathic polypeptide bacteriocin
with 32 amino acids which are produced by specific
strains of lactococcuslactis sub specious lactis[4].
Nisin prevents the growth of gram-positive
bacteria including Clostridium and Bacillus spores
[5]. Nisin disrupts the cell membrane function
through creating pores in it. In order to increase the
effect of Nisin as well as its efficacy on gramnegative bacteria, it is necessary to combine Nisin
with other antimicrobial compounds [6]. Among
the antimicrobial agents which are efficient in
combination with Nisin, herbal essential oils such
as Satureja essential oil can be mentioned. Today,
special attention has been dragged to the use of
essential oils as the natural antimicrobial agents for
food preservatives. Satureja is a herbaneous, one
year old plant which is considered as one of the
peppermint family [7]. Satureja essential oil is
obtained from steam distillation from leaves and
fresh branches with leaves. This essential oil is a
colorless or yellowish liquid with a nasty smell.
Satureja has 0.8 to 1.5% essential oils associated
with tannin, resin and mucilage. The summer
Satureja includes substances such as carvacrol,
thymol, betapinene, paracymon, limonene and
camphon. Its other ingredients include different
vitamins and minerals. Satureja compounds can be
different depending on the weather conditions of
plant area [8].
In previous studies such as Pol (et al.) study (1999),
herbal essential oils with Nisin and di-glyceride
fatty acids were used to inhibit Listeria
monocytogenes bacterium. Among them, carvacrol
and thymol were the most efficient agents against
Listeria monocytogenes and then, eugenol,
cinnamaldehyde and iso-ovogenol, respectively
[9]. Also, the results of Zhang (et al..2004.) study
showed that co-administration of Nisin and
carvacrol acts as a synergist and reduces the
number of live Listeria monocytogenes and
Bacillus cereus [10].
Staphylococcus aureus and E.coli bacteria are
important for the creation of microbial
contamination in food industries. Staphylococcus
aureus is a gram positive coccus which is the main
cause of staphylococcal food poisoning and extra-

intestinal infections such as ulcer, abscess,
pneumonia, meningitis, bacteremia and toxic shock
syndrome [11]. On the other hand, the E.coli
bacterium which is a gram-negative bacillus from
Enterobacteriaceae family, is seen abundant in
microbial contamination in food industries. The
main source of E.coli bacteria is human and animal
intestines. Humans are known as the major
reservoir for enterotoxin-produced E.coli and
invasive intestinal E.coli strains [12]. Therefore,
the importance of combating microbial
contamination in food industries as well as the use
of effective compounds with the least
disadvantages to achieve this goal, make it
essential to achieve new antimicrobial compounds
in food industries. In the present study, the
antimicrobial effect of Nisin and Satureja montana
have been investigated separately and in
combination on Staphylococcus aureus and E.coli
bacteria.
MATERIAL AND METHODS
2-1-Preparation of bacterial strain: For this
study, standard strains of Escherichia coli (ATCC
25922) and Staphylococcus aureus (ATCC 25923)
bacteria were used.
2-2-Preparation of Satureja montana essential
oil: Satureja montana plant was gathered from the
hillsides of the Zagros Mountains in Iran and then,
its genus and specious were identified by the
experts at the Faculty of Agriculture of Razi
University in Kermanshah. The plant essential oil
was prepared by steam distillation using the
Clevenger apparatus. Then, it was dehydrated by
anhydrase sodium sulphate and passed through
22µm filters and kept at 4ºC in special dark glasses
with closure until use.
2-3- Analysis of the chemical compounds of
Satureja montana essential oil using the GC
Mass: The essential oil was constantly injected into
a column of gas chromatography (Thermo
Finnigan, USA) with a mass spectrophotometry
(Trace 2000/EI quadrupole) which was equipped
by a thin column of DB1-MS (30m × 0.25mm) that is
chemically linked to the constant phase of DB1-MS
0.25m. The injection temperature was 260ºC and
the flow rate of clearing walls was 20ml/min. Clearing
was activated after 60 seconds. The flow rate of gas
in the columns was 1ml/min. The primary
temperature of columns was kept at 70ºC for 2
minutes and then was increased to 180ºC with the
rate of 3ºC/min (for 15 seconds) and finally increased
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to 250ºC at the rate of 10ºC/min. The temperature of
ion sources was 290ºC. Ionization was carried out
with a 70eV electron beam at a flow of 2.0mA. The
masses were collected at TIC when the accelerated
voltage after a 190 seconds delay. All data were
analyzed by an Xcalibur (Thermo Finnigan, USA).
The inhibitory index for each compound was
calculated using comparison of its inhibition time
with the inhibition time of alkane sets. The
specification of all substances was obtained by
comparing both spectra with those that were
collected from the library data including Wiley,
NIST and internal libraries.
2-4- Preparation of Nisin Solution: The main
solution of Nisin (104IU/ml) was prepared by
dissolving 20mg (0.02g) of pure Nisin (MerckGermany) in 1ml of Chloridric acid 0.02mol/L. Then,
this solution was centrifuged at 1500rpm for 20
minutes and the supernatant solution was
removed. Filtration was carried out using a syringe
filter with a pore diameter of 0.45µm and the
obtained solution was stored in a captive tube at
the refrigerated temperature of +4ºC.
2-5- Disk diffusion test: To do this test, 24-hours
culture of the bacteria was incubated in BHI broth
(Merck-Germany) at 37ºC, at first. Then, the
turbidity of bacterial culture was visually
compared and adjusted using the 0.5 McFarland
standard and the inoculum was finally adjusted
using a spectrophotometer (Jenway 6305) with
wavelength of 600nm, so that the number of
bacteria was obtained 1.5×108 CFU/ml. Then, each of
the studied bacteria was cultured on a MullerHilton Agar medium (Merck, Germany) using a
sterile swab. In the next step, 20µl of Satureja
essential oil was loaded on standard sterilized
disks (BaharAfshan, Iran), then disks were put on
Muller-Hilton Agar medium and incubated at 37ºC
for 24 hours. Also, the loaded sterilized disks with
DMSO (Merck, Germany) on Muller-Hilton Agar
medium were used as the control negative. After 24
hours, the diameter of inhibition zone around the
disks were measured under the study light and
using a colis and reported as mm unit. This test was
performed for each bacterium, separately.
2-6- Determination test of MIC and MBC: To
determine MIC and MBC, Broth Microdilution MIC
testing was used. The microplate containing 96wells (SPL-South, Korea) was used in this method.
To adjust the amount of bacterial inoculation and
using the 0.5 McFarland standard, the number of
studied bacteria was first obtained 1.5×108CFU/ml.

Then, optical density of bacterial suspension was
determined using a spectrophotometer at 600nm.
Then, to achieve the bacterial inoculation of
5×106CFU/ml, the suspension was diluted with BHI
broth medium by one-twentieth.
2-6-1- Determination of essential oil and Nisin
concentration: To dissolve the essential oil, DMSO
10% solution (Merck, Germany) was used. So that,
0.1g of the studied essential oils wad added to the
test tubes containing 1ml of DMSO 10% solution at
first and the test tubes were shaken using a shaker
to create a dye suspension. Then, two-times to
seven-times dilutions of essential oil solutions
were prepared in the test tubes containing BHI
broth medium. To obtain the desired concentration
of Nisin, 8 sterile tubes containing 0.5ml of sterile
distilled water in any of them were prepared. Then,
0.02g of pure Nisin powder + 1ml HCL (Merck,
Germany) were taken and diluted to the eighth
tube in two-fold way. Adding Nisin to the wells, the
tube number 1 which was contained 104IU/ml, was
diluted to 10-1 and reached to 103 IU/ml. This process
went up to well number H, so that the
concentration in wells reached from 103 to 7.8 IU/ml.
2-6-2- MIC and MBC determination of Nisin and
Satureja montana essential oil, separately:
First, 160µl of BHI broth and then, 20µl of the
prepared
Nisin
and
Satureja
montana
concentrations were separately added to the
microplate wells in two separate microplate and
finally 20µl of bacterial inoculation was added into
microplate wells. Thus, the volume of contents in
the wells was reached to 200µl and according to the
dilution of 0.1 in wells, the concentration of the
substances in wells was diluted to 10 times and the
approximate number of bacteria in the wells
reached to 5×105CFU/ml. For positive and negative
controls, 200µl and 180µl BHI broth with 20µl
bacterial inoculation were added to the wells,
respectively. The microplates were shaken for 20
seconds at the speed of 300rpm on the platethermoshaker machine after cap-covering and then
incubated at 37ºC for 24 hours. After 24 hours, the
microplates were removed from the incubator and
the wells were examined visually for the
appearance or absence of turbidity and the first
and second wells were considered as MIC and MBC,
respectively. This test was performed for each
bacterium and each combination, separately.
2-6-3- MIC and MBC determination of Nisin in
combination with Satureja montana: To do this
test, first, 140µl of BHI broth and then 20µl of the
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prepared concentration of Nisin solution and 20µl
of the prepared concentration of essential oil and
finally 20µl of bacterial inoculation were added to
the wells of microplate. So that, the volume of
contents in the wells reached to 200µl and
according to the created dilution of 0.1 in the wells,
the concentration of the substances was diluted 10
times and the approximate number of bacteria in
the wells was reached to 5×105 CFU/ml. For positive
and negative controls, 200µl of BHI broth and 180µl
of BHI broth with 20µl of bacterial inoculation were
added to the wells, respectively. After cap-covering,
microplates were shaken for 20 seconds at the
speed of 300rpm on the plate-thermoshaker
machine and then, were incubated at 37ºC for 24
hours. After 24 hours, microplates were removed
from the incubator and the wells were examined
visually for the presence or absence of turbidity
and the first and second wells were considered as
MIC and MBC, respectively. This test was
performed for each bacterium, separately.
2-7- Evaluation of the effect of Nisin and
Satureja montana combination: To determine
the interaction between studied essential oil and
Nisin,
FIC
index
(Fractional
Inhibitory
Concentration) was used which is calculated using
the below formula. If the FIC index of antimicrobial
compounds is less than 0.5, interaction of
antimicrobial compounds is synergistic. If the FIC is
between 0.5 and 1, the interaction is additive. If the
FIC is between 1 and 4, the interaction is
indifference and finally if the FIC is greater than 4,
the interaction of antimicrobial compounds is
antagonistic.

Table 1. Essential oil analysis of Satureja by GC-MS
Chemical compositions

Percent (%)

π-Cymene

29.47

γ-Terpinen

28.02

Carvacrol

25.97

1R-α-Pinene

4.53

3-Carene

2.72

α-Pinene

1.91

β-Bisabolene

1.39

3-Thujene

1.24

Terpinenol-4

0.86

1,2,5,5,8,a-Pentamethyl1,2,3,5,6,7,8,8aoctahydronaphthalen-1-ol

0.68

(+)-4-Carene

0.64

Acetylthymol

0.62

Caryophyllene oxide

0.52

Limonene oxide, cis-

0.41

Camphene

0.28

(−)-Alloaromadendrene

0.25

α-Myrcene

0.19

α-Phellandrene

0.17

3-2- Disk diffusion test results of Satureja
montana: This test was performed in three
replications and the results have been presented
in the table-2.
Table 2. Disk diffusion test results of Satureja montana
Bacteria

MIC α in participation
MIC α alone
FICI : FIC nisin + FICessential oil

FICα =

RESULTS
3-1- Analysis of Satureja montana essential oil:
According to GC-MS system analysis, 18
compounds and a total of 99.87% was identified in
essential oil. Major compounds include: π-Cymene
(29.47%), γ-Terpinen (28.02%), carvacrol
(25.97%) that the above compounds contain more
than 83.46% of essential oil. Of course, other
compounds such as 1R-alpha-pinene, 3-Thujene,
alpha-pinene, 3-carene, beta-bisabolene also
formed much less essential compounds. In table-1,
the results of the analysis of Saturej montana
essential oil have been listed.

E.coli (ATCC25922)
S.aureus (ATCC
25923)

18±2 mm

Neg.
Control
0

27±2 mm

0

Mean±SD

3-3- The results of MIC and MBC determination
test of Nisin and Satureja montana essential oil:
The results of MIC and MBC determination showed
that Nisin and Satureja montana essential oil have
significant antibacterial effects on Staphylococcus
aureus, so that, MIC and MBC of Satureja montana
and Nisin on S.aureus are obtained 1.25mg/ml and
≤7.8I.U/ml, respectively. Also, the results of MIC and
MBC determination showed that Satureja montana
and Nisin have a little antimicrobial effect on
Escherichia coli, so that, MIC and MBC of Satureja
montana and Nisin on E.coli are obtained <10mg/ml
and 1000 I.U/ml , respectively. The results of MIC and
MBC determination of Satureja montana essential
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oil and Nisin on E.coli and S.aureus have been
presented in table-3.
3-4- Evaluation of the interactions of Satureja
montana with Nisin using the FIC index: The
results of FIC index calculation showed that the
antimicrobial effects of Satureja montana essential
oil in combination with Nisin is increased on E.coli,
synergistically while these effects have no changes
on S.aureus such that antimicrobial effect was
Indifferent. The results of FIC index calculation has
been mentioned in table-3.
Table3. The average comparison of Minimum Inhibitory
Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) of Satureja montana essential oil
alone and in combination with Nisin on the E.coli and
S.aureus bacteria and calculating Fractional Inhibitory
Concentration (FIC) index to evaluate their interaction.

E.coli (ATCC 25922)

S.aureus (ATCC 25923)

MIC
mg/ml

MIC
mg/ml

MBC
IU/ml

FIC

MBC
FIC
IU/ml

Essenti
al oil

˃ 10

˃ 10

-

1.25

2.5

-

Nisin

1000

˃ 1000

-

≤7.8

≤15.6

-

1.0
Essenti
0.0
al oil 15.6+0.15 31.2+0.3 3 ≤7.8+≤0.07 ≤15.6+≤0.1 6
8
56
+
6
1
(I)
Nisin
(S)
S: Synergism, I: Indifference

DISCUSSION AND CONCLUSION
The results of this study showed that Satureja
montana essential oil have more antimicrobial
effects on gram-negative bacteria compared to the
gram-positive bacteria. In addition to that, the
antimicrobial effects of Satureja montana essential
oil in combination with Nisin act as synergism and
are increased on E.coli while have no change on
Staphylococcus aureus (Indifferent). Nisin, as a
preservative in food industries, has a little effect on
gram-negative bacteria. Gram-negative bacteria
are resistant to Nisin due to having the lipopoly
saccharide composition (LPS) in their outer layer
which acts as a barrier against Nisin on cytoplasmic
wall and in addition to that, peptide antibiotics like
Nisin are not able to pass the bilayer wall in the
absence of wall potential [13]. On the other hand,
some of gram-positive bacteria are also resistant to
Nisin because of having nisinase enzyme, changes
in the cell wall and membrane phospholipids,
regulatory networks as well as ABC transfers [14].
Therefore, combination of Nisin with other
substances with antimicrobial properties which
increases the antimicrobial function of Nisin and

have low side effects is important. To achieve such
this compound, herbal essential oils such as
Satureja essential oil are considered appropriate.
Many studies have shown that the main
components of the specious of Satureja genus, have
contained phenolic monotherapines such as
thymol and carvacrol which there are usually
associated with γ-Terpinen, paracymene and
linalool and this group of phenolic compounds has
antimicrobial properties [15,16]. Phenolic
compounds lead to impair the cell membrane
function and inhibit the functional properties of the
cell and finally cause the leakage of intracellular
materials and thus, they act their bactericidal role.
The chemical structure of herbal essential oil and
their volatile compounds have the greatest effect
on the antimicrobial mechanisms of essential oils.
The antimicrobial effects of herbal essential oils are
highly dependent on extraction methods, growth
phase, bacterial count, type of culture medium, pH,
incubation time and temperature, packaging
method and the physical structure of foods, so the
results obtained from different studies are
sometimes associated with differences [17,18]. In a
similar study to the present study, the combination
effect of Nisin and carvacrol on the bioavailability
of different strains of Bacillus cereus was
investigated in different levels of pH and heat. The
results indicated that five studied strains showed
significant difference in the sensitivity to Nisin and
when the combination of Nisin and carvacrol was
used, the bioavailability of the cells was lower than
the time when Nisin was used, alone. On the other
hand, carvacrol concentration has had an
important role on the antimicrobial effect of Nisin
and has a synergistic role in this combination [19].
In another study in this regard, which was carried
out on the antimicrobial effect of herbal essential
oil on Satureja hortensis, the inhibitory effects of
thymol compound derived from the essential oil
were confirmed on 25 bacteria and 8 fungi [20].
The results of our research, aligned with the
previous studies, indicate the antibacterial effects
of Satureja essential oil and according to the
previous studies [21,22] about the antibacterial
effect of carvacrol, it seems that carvacrol which
contains 26% of Satureja montana essential oil, has
had the greatest role in the antimicrobial effects of
essential oil in this research. Therefore, it is
recommended to continue this research to achieve
a stable and natural compound of Satureja essential
oil to use in the preservatives of the food industry.
Since, Satureja essential oil is a natural substance
and in addition to antimicrobial effects, has other
desirable effects such as antioxidant effect, many
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side effects of the essential oil are not anticipated
for human. Although, it seems that investigation of
the effects of long-term use of this substance alone
or in combination with the other preservatives like
Nisin, can be a good topic for the further research.
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