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Natural compounds including essential oils (EOs) are used to inhibit the pathogenic
bacterial growth in foods. The objective of this study was to investigate the combined effect
of Trachyspermum ammi EO and propolis ethanolic extract (PEE) on some food pathogenic
bacteria. In this study, the effect of 7. ammi EO and PEE at different concentrations,
individually and in combination, on Escherichia coli, Salmonella typhimurium, Listeria
monocytogenes, Bacillus cereus, and Staphylococcus aureus were investigated using minimum
inhibitory concentration and fractional inhibitory concentration (FIC) indices. Moreover, the
effect of sub-inhibitory concentrations of EO and extract on E. coli and S. aureus growth curve
was determined. The results revealed the synergistic effect of T. ammi EO and PEE on S.
aureus, B. cereus, E. coli, S. typhimurium, and L. monocytogenes. The effects of EO and extract
sub-inhibitory concentrations on bacterial growth curve resulted in an increased lag phase of
the culture and decelerated bacterial growth, especially S. aureus. The results showed that T.
ammi EO and PEE, especially when combined, are effective in bacterial growth inhibition and
their potential use in food systems is recommended.

© 2019 Urmia University. All rights reserved.

Introduction

Antimicrobials and additives are used to control
pathogenic bacteria growth in the food products. With
respect to the antibacterial function of natural compounds
as flavoring agents and the growing concerns of inter-
national organizations responsible for food hygiene and
safety about using chemical preservatives, studies have
increased to substitute chemical flavoring agents with
natural ones.!

Trachyspermum ammi essential oil (EO) and propolis
ethanolic extract (PEE) are among these natural
compounds that could be readily used as flavorings and
additives. The T. ammi commonly known as Ajowan is one
of the aromatic seed spices originated from the Middle
East, India, Iran, Afghanistan, and Egypt. In these regions, it
is traditionally used as a medicinal plant for its antiseptic,
appetizer and carminative properties. Thymol, the major
phenolic compound of Ajowan, has been reported to be a
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germicide, antispasmodic and antifungal agent.Z Propolis,
a honeybee product, is used to cover hive walls and fill
gaps. Bees collect the resin-like product from cracks in
the bark of trees and leaf buds. Thereby, propolis does
not only act as a structural compound, but it is mainly
responsible as a chemical agent for the honeycombs
safety, especially against microorganisms.3 Antibacterial,
antifungal, anti-viral, anti-inflammatory and anti-tumor
effects of propolis have been previously demonstrated.*
Also, it is used for infections treatment in oriental
medicine and as an antiseptic and anti-inflammatory
agent in European pharmacology.

Application of high concentrations of EOs and other
antimicrobial substances negatively affects the flavor of
the food. Together with this, the high cost of using an
additive in high amounts may limit the use of plant EO or
any natural additive individually. Thus, recently, growing
interest has focused on the combined use of two or more
natural additives to achieve synergistic or additive effects.5
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This study aimed to investigate the individual and
combined activity of T. ammi EO and PEE on Escherichia
coli 0157:H7, Salmonella typhimurium, Listeria mono-
cytogenes, Bacillus cereus and Staphylococcus aureus as the
most important food pathogenic bacteria, and the effect of
their inhibitory concentrations on E. coli 0157:H7 and S.
aureus growth curves.

Materials and Methods

Preparation of T. ammi EO. The T. ammi plants were
obtained from Sistan and Baluchestan province, Iran in
spring and the scientific name was confirmed at the
Department of Pharmacognosy, Faculty of Pharmacy,
Tehran University of Medical Sciences, Tehran, Iran. The
herbarium voucher number was 15125. The EO was
extracted from the top branches through hydro-
distillation using Clevenger system and dried by sodium
sulphate (Merck, Darmstadt, Germany). The extracted EO
was then stored in dark glass containers at 4 °C.2

Preparation of PEE. Propolis was obtained from an
apiary in Hamedan province, Iran. Initially, 50 g of bee
propolis was extracted using 80.00% ethanol and a shaker
for 24 hr. The extract was concentrated by a rotary
evaporator (RC 600; KNF, Freiburg, Germany), dried and
finally lyophilized with a freeze-dryer-cryodo (Telstar,
Barcelona, Spain).3

Gas chromatography (GC) and gas chromatography
/mass spectroscopy (GC/MS) analyses of T. ammi EO.
The compounds of T. ammi EO were characterized by GC
and GC/MS. The GC-MS (model 6890; Agilent, Santa Clara,
USA) was equipped with a capillary column (30 m, inner
diameter 250 pm, thickness 0.25 pm) with the
temperature-programmed at 50 to 265 °C (2.50 °C per
min) and kept at 265 °C for 30 min. The temperature of the
injection room was 250 °C and the carrier gas was helium
(1.50 mL min?). The ionization energy of 70.00 ev and a
source temperature of 250 °C were used. The components
were determined using inhibition index as compared to
the injected series of alkanes (Sigma, Dorset, UK) with DB5
column as well as standard compounds spectra and the
reflection pattern was reported in valid references and
mass data with the help of databases.® Relative percentage
of each component was determined by under-curve area.

Studied bacteria. First, strains of E. coli 0157:H7
(ATCC 10536), S. typhimurium 11 (ATCC 14028), L. mono-
cytogenes (ATCC 19118), B. cereus (ATCC 11778) and S.
aureus (ATCC 6538) were provided from previous studies
in Department of Food Hygiene, Faculty of Veterinary
Medicine, University of Tehran were cultured in brain
heart infusion (BHI; Merck) at 37 °C for 18 hr and then re-
cultured and stored at 37 °C for 18 hr. The second culture
was mixed with sterile glycerine (Bracco, Milan, Italy; 1:5)

and stored in 100 pL sterile glass tubes at - 20 °C.

Experimental design. The effect of T. ammi EO (0,
62.50, 125, 250, 500, 1000, 2000 and 4000 pg mL1) and
PEE (0, 62.50, 125, 250, 500, 1000, 2000, 4000 and
6000pg mL1), individually or in combination, was
investigated in order to determine minimum inhibitory
concentration (MIC) via microdilution method. Also, the
effect of subinhibitory concentrations of T. ammi EO and
PEE on E. coli and S. aureus growth curves were studied.

Bacterial inoculum preparation. The stock was
introduced into BHI broth and incubated at 37 °C for 18
hr. The first culture was re-cultured and incubated at 37
°C for 18 hr. Different amounts of the second culture
were transferred to a cuvette containing 4.00 mL sterile
BHI to obtain 0.10 optical density (OD) at 600 nm. Then,
1.00 mL of the bacterial suspension was transferred
into a tube containing 9.00 mL of 0.10% peptone water
to prepare successive dilutions of up to 10-6. Then, 100
pL from each dilution was transferred to plates
containing BHI agar. The plates were incubated at 37.00
°C for 24 hr and then, the bacteria were counted twice
to determine the mean bacterial count in the cuvette
containing bacterial suspension with 0.10 OD. Thus, the
bacteria count in a bacterial suspension with 0.10 OD
was equal to the calculated number. The exact number
of inoculated bacteria was calculated through co-culture
and colony count.?

Determination of MIC by microdilution method. In
the present study, a 96-well plate with 300 pL round-
botton wells was used for MIC determination. Different
concentrations of T. ammi EO (0, 62.50, 125, 250, 500,
1000, 2000 and 4000 pg mL1) and PEE (0, 62.50, 125, 250,
500, 1000, 2000, 4000 and 6000 pg mL71) in 5.00%
dimethyl sulfoxide (Merck) containing BHI were prepared.
Then, 100 pL of EO and extract were transferred to each
well to which, 10.00 pL of each bacterial suspension (with
0.10 OD) was added (maximum concentration of 5 x 105
CFU mL1 bacteria per well) and confirmed by successive
dilutions of bacterial suspension in plate culture and
colony count. The well contents were mixed with a plate
reader (M201; Emperor Electronic Technology Co., Ltd,
Shenzhen, China) equipped with a shaker for 2 min. The
plates were then incubated at 37.00 °C for 24 hr, the
turbidity if any was observed with eye and the absorbance
was read using the plate reader at 630 nm. Increase in
absorbance ( = 0.10) suggested bacterial growth and
turbidity and the first single or combined concentration of
the EO and extract without turbidity was MIC.”

Interaction of T. ammi EO and PEE. Antibacterial
activity of T. ammi EO and PEE, individually and in
combination, was evaluated and their interactive effect
was measured using the following relation and fractional
inhibitory concentration (FIC) index as below:

MIC of T. ammi EO with propolis ethanolic extract . MIC of propolis ethanolic extract combined with T. ammi EO

FIC index = MIC of T. ammi EO alone

MIC of propolis ethanolic extract alone
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If FIC index was < 1, then, the interactive effect of EO
and extract was synergistic and if FIC was =1, 1 < FIC < 2
or FIC > 2, their effects were enhancing, neutral and
antagonistic, respectively.8

Effect of T. ammi EO and PEE on the bacterial
growth curve. The effect of sub-inhibitory concentrations
of T. ammi EO and PEE, individually or in combination, on
the growth of E. coli and S. aureus within 24 hr was
evaluated. The concentrations were as follows: T. ammi
EO: 0 and 250 pg mL1 for both bacteria and PEE: 0 and
500 pg mL1 for S. aureus and 0 and 3000 pg mL-1 for E. coli.
10 mL of the solutions (at different concentrations) were
distributed into the tubes to which, 100 pL of the bacterial
suspension was added (maximum bacterial concentration
of 5 x 105 CFU mL1). The tubes were incubated at 35 °C,
the dilutions of interest were made from each tube at 0, 2,
4, 8, 10, 12 and 24 hr and triple-cultured in BHI agar at
35 °C for 24 hr, colony count and bacteria number (log CFU
mL1) were determined.?

Statistical analysis. Bacterial growth curves were
drawn by Graphpad Prism Software (version 4.0;
GraphPad Software Inc., La Jolla, USA) and all statistical
analyses for bacteria number log at different times as well
as the growth curves gradient were performed using SPSS
software (version 16.0; SPSS Inc., Chicago, USA). One-way
analysis of variance (ANOVA) and Tukey posthoc test were
used for means comparison. Difference among samples
was considered significant at 5.00% level.

Results

Analysis of T. ammi EO components. The results
from the analysis of T. ammi EO components by GC/MS are
given in Table 1. As shown in Table 1, the most
predominant compounds in T. ammi EO were thymol,
paracimen and y-terpinen, respectively.

MIC determination. The results of MIC determination
for T. ammi EO and PEE and their combination against the
five aforementioned bacteria using the microdilution
method are presented in Table 2. As shown, the MIC of T.
ammi EO alone against E. coli S. typhimurium, L.
monocytogenes, B. cereus, and S. aureus was 500 pg mL-,
whereas it was 6000, 6000, 500, 500 and 1000 pg mL for
PEE individually against the above bacteria, respectively.

Table 1. Trachyspermum ammi chemical compositions.

Component Inhibition index Percentage
a-thujene 931 0.07
a-pinene 939 0.09
Sabinen 976 0.44
B-pinene 980 0.84
p-cymene 1018 18.01
Y-terpinen 1061 15.89
Thymol 1278 62.42
Carvacrol 1292 0.33
Total - 98.09

The results showed that the combination of T. ammi EO
and PEE could inhibit the growth of all mentioned bacteria
and the FIC indexes for this combined effect were,
respectively, 0.63, 0.65, 0.69, 0.50 and 0.56 for E. coli, S.
typhimurium, L. monocytogenes, B. cereus, and S. aureus,
suggesting a synergistic inhibitory effect of EO and
extract on all studied bacteria.

Effect of T. ammi EO and PEE on E. coli and S.
aureus growth curves. Figure 1 shows the growth
curves and linear gradient (increasing trend) of the
curves for S. aureus in the presence of T. ammi EO and
PEE. The statistical analysis showed that from the second
hour of incubation, the bacterial count in the control was
greater than other treatments (p < 0.001) and within 8
and 24 hr, the bacteria count in the mixed treatment was
lower than T. ammi EO treatment. There was also fewer
bacterial count in T. ammi EO treatment than PEE
individually (p < 0.001). Comparison of the bacterial
count and its significant increase (p < 0.001) revealed
that lag phase periods for the control, PEE, T. ammi EO
and T. ammi EO plus PEE treatments were 1, 4, 6 and 8
hr, respectively. Comparison of linear gradient of growth
curves for S. aureus in the presence of T. ammi EO and
PEE revealed that there was no significant difference in
increasing trend of bacteria count for S. aureus between
the control (gradient of 0.17 + 0.02) and PEE alone (0.16
* 0.02) and also between T. ammi EO alone (0.12 + 0.01)
and T. ammi EO plus PEE (0.11 = 0.02; p > 0.05) but
increasing trend of bacterial count of S. aureus in T. ammi
EO alone and T. ammi EO plus PEE was significantly
lower than control (p < 0.05).

Figure 2 shows the growth curves and linear
gradient (rising trend) of the curves for E. coli in the
presence of T. ammi EO and PEE. The statistical analysis
showed that from the second hour of incubation, the
bacterial count in the control and propolis extract
groups was greater than T. ammi EO and T. ammi EO
plus PEE treatments (p < 0.001) and there was no
significant difference between the control and PEE
treatments (p > 0.05). Comparison of T. ammi EO and T.
aami EO plus PEE treatments revealed that there was
no significant difference between these two groups over
6 hr of incubation (p > 0.05).

The comparison of bacterial count as well as
significant increase examination in bacterial count
showed that lag phase periods for the control (p = 0.003),
PEE alone (p = 0.01), T. ammi EO alone (p = 0.001) and
T. ammi EO plus PEE (p < 0.001) were 1, 1, 2 and 2 hr,
respectively. Comparison of linear gradient of growth
curves for E. coli in the presence of T. ammi (EO) plus PEE
revealed that there was no significant difference in
increasing trend of bacteria count for E. coli among the
control (gradient of 0.17 * 0.02), PEE alone (0.17 + 0.02),
T. ammi EO alone (0.17 + 0.01) and T. ammi EO plus PEE
(0.16 £ 0.01; p > 0.05).
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Table 2. The minimum inhibitory concentration (MIC) of Trachyspermum ammi and propolis ethanolic extract on Escherichia coli,
Salmonella typhimurium, Listeria monocytogenes, Bacillus cereus and Staphylococcus aureus (ug mL1) separately and combinatorial

approaches determined using microdilution method.

Microorganism MIC T. ammi essential oil MIC PEE T. ammi essential oil/PEE Combination effect FIC index
Escherichia coli 500 6000 125 +2000/250 + 1000 Synergistic 0.63
Salmonella typhimurium 500 6000 62.50 +4000/125 +2000 Synergistic 0.65
Listeria monocytogenes 500 500 250+500/250 + 62.50/125 + 250 Synergistic 0.69
Bacillus cereus 500 500 250 +62.50/62.50 + 125 Synergistic 0.50
Staphylococcus aureus 500 1000 250 +125/125 + 250 Synergistic 0.56

MIC: minimum inhibitory concentration; FIC: Fractional inhibitory concentration; PEE: propolis ethanolic extract.
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Fig. 1. Staphylococcus aureus growth curve and linear gradient
(additive growth rate) in the presence of different treatments
including control, Trachyspermum ammi essential oil (T.ammi
EO) and propolis ethanolic extract (PEE) each one exclusively and
also in combination simultaneously.
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Fig. 2. Escherichia coli growth curve and linear gradient (additive

growth rate) in the presence of different treatments including

control, Trachyspermum ammi essential oil (T.ammi EO) and

propolis ethanolic extract (PEE) each one exclusively and also in
combination simultaneously.

Discussion

Herbs have long been used as medicines or flavoring
agent; however, since the 19t century, plant compounds
have been replaced with chemicals. Today, there is a new
attitude towards the use of natural preservatives, especially
herbs, in foods due to growing knowledge and concerns
about side-effects of chemicals as well as medicinal
resistance. Interest in preservative-free products and/or
products containing natural preservatives has been
increased, among them, plant Eos are noted. The EOs and
their constitutes have well-known antibacterial effects.10
In general, a higher concentration of EOs is required
compared to in vitro conditions to enhance their anti-
bacterial activity. Higher concentrations of EO negatively
affect the taste of the food. Also, creating bacterial
resistance is another problem of using an antimicrobial
agent in high concentration.!! Thus, the use of two or
more combined preservatives is considered.

In the present study, the effect of T. ammi EO and PEE
on E. coli S. typhimurium, L. monocytogenes, B. cereus, and
S. aureus was investigated. The MIC of these two
compounds as well as MIC of their combination was
determined using the microdilution method. The
antioxidant activity of T. ammi EO and its antimicrobial
properties have been studied previously.1213 Its
antibacterial effect using dilution method has also been
investigated by several researchers. Kumar et al. have
evaluated the antibacterial activity of 7. ammi EO against
water pathogens. They used microdilution method and
determined MIC of T. ammi EO for two different strains
including E. coli and S. typhimurium as 87 and 128 (two
strains of E. coli) and 109 pg mL7, respectively.l4
Goodarzi et al. have studied the antibacterial effect of T.
ammi EO on some bacteria including E. coli (MIC of 310
pg mL1), S. aureus (150 pg mL1) and S. typhimurium
(310 pg mL1).15> Gandomi et al. have investigated the
antibacterial effect of T. ammi EO on E. coli, B. cereus, S.
aureus, S. typhimurium and L. monocytogenes using broth
microdilution. Their results showed MIC of 500 pg mL1
for all the bacteria.2 In the present study, the
antimicrobial effect of T. ammi EO on the studied bacteria
was demonstrated and MIC of T. ammi EO against E. coli,
S. typhimurium, L. monocytogenes, B. cereus and S. aureus
was 500 pg mLL



A. Jebelli Javan et al. Veterinary Research Forum. 2019; 10 (3) 235 - 240 239

Different studies have shown the antibacterial effect
of propolis due to its flavonoids. Also, it has been shown
that propolis produced in different parts of world has
different composition resulting in different effects.16
However, Iranian propolis has not been comprehensively
studied yet. Choi et al. have investigated two Korean
propolis, Yeosu and Cheorwon, and a Brazilian sample
against S. aureus, B. subtilis, S. typhimurium and Candida
albicans.'”  Yaghoubi et al. have examined the
antibacterial activity of ethanolic extract of Iranian
propolis by disc diffusion and showed the activity just
against Gram-positive bacteria and fungi, while no
activity was observed against Gram-negative bacteria.
Among microorganisms, B. cereus showed the highest
sensitivity at 67000 pg mL-1.18

Rahman et al. have studied the antibacterial activity
of propolis on E. coli and S. aureus by disc diffusion
method. The suggested concentration of propolis for
both species to be inhibited was 3500 pg mL-! and
propolis showed better inhibitory effect on S. aureus
compared to E. coli.l® Siripatrawan et al. have examined
the antimicrobial activity of ethanolic extract of Thai
propolis using disc diffusion method against Gram-
positive and Gram-negative bacteria and showed that it
had a greater effect on Gram-positive bacteria.2?

In the present study, MIC of PEE was 6000 pg mL-!
for E. coli, 6000 pg mL-1 for S. typhimurium, 500 pg mL-!
for L. monocytogenes, 500 pg mL-for B. cereus and 1000
pg mL?1 for S. aureus. Propolis had the greatest
inhibitory effect on Gram-positive bacteria. This is due
to the presence of outer membrane over the cell wall in
Gram-negative bacteria limiting the diffusion of
hydrophobic compound into the lipopolysaccharide
coating of the bacteria.2!

The difference in MIC among the present and other
studies for both T. ammi EO and PEE may be attributed
to the difference in chemical composition due to the
origin, harvesting season and extraction method as well
as the strain and procedure of antimicrobial effect
determination. In this study, the combined treatment
effect on different bacteria was different, confirming
previous study; in this regard, Fou et al. have
investigated the effect of clove and rosemary EO and
reported that these two EOs could have enhancing
synergistic and/or antagonistic effect depending on the
species.?2 Also, Gutierrez et al. have studied the
combined effect of marjoram and thyme on different
bacteria and reported the enhancing effect.23 It should
be noted that there is no research on the combined
antimicrobial effect of T. ammi EO and PEE. This study
showed that the combined use required lower
concentrations, indicating the synergistic effect.

With regards to the effect of these two preservatives
on the growth curves and linear gradient of the curves
for S. aureus and E. coli, their combination resulted in an

increase in lag phase significantly reducing bacterial
growth. The T. ammi EO had greater effect compared to
PRR and S. aureus showed more sensitivity.

It is known that thymol and carvacrol have the
greatest antimicrobial effect due to their hydrophobic
nature and free hydroxyl groups.2* The greater
antibacterial effect of T. ammi EO on the growth curve
seems to be due to the presence of a high amount of
thymol in the EOs.

This study suggests the antimicrobial effect of T.
ammi EO and propolis ethanolic extract on E. coli, S.
thyphimurium, L. monocytogenes, B. cereus and S. aureus
and application of these two agents is recommended
due to their synergistic effect. However, their practical
use is subjected to further studies using food models.
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