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Introduction: Diseases caused by the consumption of bacteria-contaminated foods
have been of great importance in public health. Therefore, control of dairy product
contamination with coliforms is a concern for the durability of dairy producers. Control
of the contamination by natural products may have dual action; nutritive value and
natural antibiotics. In this study, the antimicrobial activity of thyme essential oil against
Escherichia coli 0157: H7 in doogh (Iranian fermented dairy drink) was examined and
the MIC and MBC were determined.
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Methods: Antimicrobial activity of thyme essential oil was examined using different

Keywords: concentrations (0, 30, 60, 90, and 120 pl/ml) against bacteria with a density of
Doogh 105CFU/ml during the 60-day at 4 °C. Moreover, the effect of different concentrations of
Thyme essential oils on the taste of doogh was also studied. Taste evaluation was performed

based on 5 points hedonic test to evaluate the effect of Thyme oil on the sense of taste.
Duncan software was used to determine the difference between test and control groups
at a confidence level of 5%. The SPSS software was also used for statistical analysis.

Escherichia coli
Minimum bactericidal concentration

Results: All concentrations of thyme essential oil could stop the growth of bacteria
(P<0.05). The inhibitory effect of oil increased with increasing concentration and time.
Based on the results of sensory (taste) evaluation, treatment 2 (containing 60 ul/ml of
essential oil of thyme) was selected as the best treatment.

Conclusion: Thyme essential oil can be used as a natural preservative with a positive
impact on taste and nutritive value.
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variety of food products such as yogurt, milk,
fruit juices, and meat (8). Pasteurization is a
method of choice for eliminating the bacterium.
However, heat treatment is not suitable for all
kinds of foods and cross-contamination cannot
always be prevented. Therefore, controlling the

Introduction

Diseases born from the consumption of foods
contaminated with pathogenic bacteria impose
significant morbidity, mortality, medical costs,
and financial damage to health systems annually
(1). In the meantime, many cases of human

disease and death have been attributed to
bacterial infections that can enter the human
body through various roots such as drinking
water, breathing, and food (2-4). Centers for
Disease Control and Prevention reported that 9.4
million people in the United States get sick from
foodborne pathogens annually. Such diseases
resultin near to 60000 hospitalizations and 1300
deaths each year (5).

Escherichia coli is a highly pathogenic bacterium
that originates in the gut of many animals.
Children, the elderly and immunocom promised
people are more susceptible to infection caused
by this bacterium (6 and 7). It is found in a wide

growth of pathogenic bacteria in food is of great
importance both in terms of food quality
standards and in terms of public health. One
usual way to control the growth of infections in
food is to use antimicrobial preservatives and
compounds (9 and 10). Since chemical additives
lead to allergies, undesirable side effects, and
emerging antibiotic-resistant strains, there is a
tendency to use natural products that not only
lack side effects but also have nutritional
properties. Natural preservatives like herbal
essences and extracts have been shown to
possess anti-bacterial effects (10 and 11). Among
medicinal plants, Thyme essential oil and extract
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have been extensively studied in vitro as a source
of antibacterials (12). Using plant preservatives
to control the growth of pathogenic bacteria of
food origin has two benefits; avoiding
undesirable side effects and receiving nutritional
ingredients. The present study aimed to
investigate the antibacterial effect of Thyme
essential oil at different concentrations as a
natural flavoring and preservative on Escherichia
coli 0157H7 in pasteurized doogh. In this way,
minimum growth inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
were determined. Moreover, the sensory test
was performed to assess the sensory properties
of thyme essential oil on the taste of doogh
(Iranian fermented dairy drink).

Material and Methods

Antibacterial Susceptibility Assay

The antibacterial effect of thyme essential oil was
evaluated using the disk diffusion method based
on the National Committee for Clinical
Laboratory Standards (NCCLS). Three milliliters
of sterile distilled water were added to the
lyophilized Escherichia coli 0157H7 (Iranian
Biological Resource Center, Iran) and was kept
under ambient temperature for 4 hours under a
sterile hood. The bacteria were cultured on
MacConkey agar medium and incubated at 35 °C
for 24 hrs. The cultured bacteria were used for
making a suspension of bacteria equal to a 0.5
McFarland standard (in normal saline) (1.5x108
CFU/ml). From the suspension, 0.5 ml was
transferred to 500 ml pasteurized doogh (Vijeh
dairy, Iran). As a result, the final concentration of
bacteria in doogh was 1.5x105. Inoculated doogh
was incubated, and a sample was taken from the
suspension at the first, twentieth, fortieth, and
sixtieth days of incubation for an antimicrobial
susceptibility test.

Preparation of discs containing Thyme essential
oil: The blank filter paper discs (6 mm)
(Padtanteb, Iran) were immersed in 20 pl of
different concentrations of thyme essential oil (0,
30, 60, 90, and 120 pl from essential oil per 1 ml
solvent) for 24 hrs. Samples from inoculated
doogh were cultured on plates and antibacterial
activity was performed using discs immersed in
different concentrations of Thyme essential oil.
Disc diffusion method: According to the NCCLs
(2000a) standard, 150pl of bacterial suspension
containing 1x105 CFU/ml was poured onto
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Mueller-Hinton agar medium. The 6-mm discs
containing thyme essential oils were placed on
the plate at appropriate distances. A blank disc
was included in each plate as a control. The plate
was incubated at 37°C and the growth inhibition
zone was measured after 24 hours (13).
Antibacterial activity of essential oil in doogh
samples was performed at first, twentieth,
fortieth, and sixtieth days of storage.

Determination of MIC and MBC

Sixty microliters of Mueller-Hinton Broth
medium, 20 pl of bacterial suspension containing
1.5 x 10° bacteria, and 20 pl of different thyme
essential oil concentrations (30, 60, 90, and 120
ul/ml) were transferred to the tubes. One tube
containing culture media and bacteria and one
tube containing culture media and essential oil
were included as controls. All the tubes were
incubated at 35°C for 24 hours and then
examined for turbidity caused by bacterial
growth and the lowest concentration at which
the bacterium did not grow visibly was
considered MIC (14). To measure MBC, 5 pl from
each tube in which bacterial growth was not
observed was transferred to a nutrient agar
medium and incubated at 35°C for 24 hours. The
lowest concentration of thyme essential oil at
which most bacteria were killed was considered
MBC.

Sensory Evaluation

A sensory evaluation was performed to evaluate
the effect of different concentrations of essential
oils on the taste of doogh. The test was done on
the mixture of thyme essential oil and doogh on
the first, twentieth, forty-sixth, and sixtieth day of
mixture preparation, by seven trained panelists
of the Iranian Food and Drug Administration
(based on national standards 3442, 2442, 3581,
4940) based on 5 points hedonic test (from 1 to
5). For this purpose, sterile doogh was mixed
with Thyme essential oil at concentrations of 30,
60, 90, and 120 pl/ml and an equal sample from
each concentration was served to the assessors.
Water was used to rinse the assessor's mouths
before and between sample evaluations (15).

Statistical Analysis

All the experiments were done in triplicate. Data
were analyzed by SPSS software and mean data
were compared using a t-test. A p-value less than
0.05 was considered statistically significant.
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Figure 1. Antibacterial effect of different concentrations of thyme essential oil (0, 30, 60, 90, and 120 pg/ml) in different incubation
times (1st, 20th, 40th and 60th day) on the growth of Escherichia coli. Antibacterial effects were assessed by the disk diffusion

method are expressed as inhibitory zone (mm).

Results

Antibacterial susceptibility test by the disk
diffusion method showed that thyme essential oil
has a significant effect on bacteria. This
antibacterial effect increased by increasing the
concentration of the extract (data are missed
apparently). MIC and MBC were measured to be
60 and 90 pl/ml respectively. Moreover, our data
also show that thyme essential oil dissolved in
doogh had a significant (p <0.05) effect on the
growth of Escherichia coli 0157H7. As shown in
figure 1, increasing the essential oil
concentration and increasing incubation time
(from the first day to the 60t day) had a
progressive antibacterial effect on bacterial

growth, therefore the highest antibacterial effect
was at 120 ul/ml on the 60th day.

The effect of thyme oil extract on the taste of
doogh was investigated in the first, twentieth,
fortieth, and sixtieth days. As shown in table 1,
the concentration of 60 pl/ml obtained the
highest taste score in all four experiments (first,
twentieth, fortieth, and sixtieth day). Higher
concentrations were not desirable for assessors.
Therefore, the concentration of 60 pl/ml of
essential oil in all the studied days has the best
effect on the sensory properties of doogh.
Considering both results obtained from
antibacterial susceptibility and sensory test, 60
ul/ml of thyme essential oil during 60 days
incubation is suggested as optimum treatment.

Table 1. Scores assigned based on the sensory test to each concentration of thyme in doogh (0, 30, 60, 90, and 120 pl/ml) over 60

days of incubation (1st, 20th, 40th and 60th day).

1st Zoth 40th 60lh
30 pl/ml 2.28+0.48b 2.57+0.53b 2.71+0.48b 2.57+0.53b
60 3.57+53a 3.71+0.482 3.85+372 3.42+0.532
90 1+0.00¢ 1£0.00¢ 1+0.00¢ 1+0.00¢
120 1£0.00¢ 1£0.00¢ 1£0.00¢ 1£0.00¢
0 2.71+1.1b 2.85+1.00b 2.42+0.9b 2.57+1.1b
Discussion there is a tendency to reduce or eliminate these

In the present study, the effect of different
concentrations of thyme essential oil on
Escherichia coli 0157H7 inoculated in doogh for
different incubation times was assessed. The
essential oil could reduce the growth of bacteria
in a concentration-dependent manner. Plant
essential oils have been used to control the
growth of pathogenic bacteria of food origin or
spoilage bacteria and also as a food preservative
(16 and 17). With excessive use of chemical
preservatives, some of which are suspected to
have toxic and carcinogenic effects, therefore
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synthesized compounds and to replace them
with natural compounds (18-20). Sagdic et al.
found that thyme essential oil had a dose-
dependent bactericidal effect against Escherichia
coli 0157H7 and suggested it as a food
preservative (21). Mahboubi et al. reported
linalool, thymol, and carvacrol as three major
chemotypes with the highest antibacterial
activity (22). Moreover, the antimicrobial effect
of thyme essential oil has been assessed on
Escherichia coli in white-brined cheese after 60
days of cheese storage and showed that storage
time and thyme concentration had a significant
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effect on the logarithmic number of bacteria (23).
In the present study, it was found that the storage
time of inoculated doogh from first to 60t day
and increasing essential oil concentration had an
increasing and cumulative effect on the growth of
bacteria. In another study, essential oils from
four plants; bay, clove, cinnamon, and thyme
showed antimicrobial effects against Listeria
monocytogenes and Salmonella enteritidis in soft
cheeses and reduced bacterial count to <1-0
log10 CFU ml-1 over 14 days (24). In another
study, Shahbazi showed that Ziziphora
clinopodioides essential oil could reduce 1 log
CFU mL-1 of Salmonella typhimurium and
Staphylococcus  aureus in  doogh  (25).
Antimicrobial effects of Thyme essential oil was
also confirmed in another dairy product
(Mayonnaise) against fungi and bacteria (26).
Studies show that essential oil is a rich source of
thymol, which interacts with lipid bilayer
resulting in changes in membrane stability, and
elasticity (27) that causes disturbances in plasma
membranes, loss of cellular constituents, and
ultimately the death of pathogens (18, 28, and
29). Therefore, the antimicrobial activity of
thyme essential oil tested in this study can be
attributed to the presence of these compounds.
In the present study, MIC and MBC have
measured at 60 and 90 pl/ml respectively. One of
the drawbacks of aromatic compounds as food
preservatives is high concentrations of them are
needed to protect food against bacteria.
However, it should be noted that when the
amount of essential oil is high, it negatively
affects the taste of the product which is not
desirable to the customers. The main limiting
factor to using thyme essential oil is negative
organoleptic properties that lead to an
unpleasant taste (30). The desirable
concentration of Thyme oil seems to depend on
the kind of food. Some studies have shown that a
concentration of 3 pl/ml of Thyme oil is most
desirable in meat products (31). However, the
results of the sensory test indicated that the most
desirable concentration of essential is 60 pl/ml
that equal to MIC. There is no significant
difference between the concentrations of 0 and
30 and also between the concentrations of 90 and
120 pl/ml. In total, considering both the
antimicrobial potency and taste property, this
study suggests a concentration of 60 pl/ml for
doogh.
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Conclusion

Our data showed that thyme essential oil can
prevent the growth of bacteria and this effect is
concentration-dependent, the most potent
antimicrobial activity was observed to be 120
ul/ml. However, in the sensory evaluation, the
most desirable concentration was 60 pl/ml. Since
we cannot exceed the desirable concentration of
essential oil that affects the quality of the
product, we suggest the concentration of 60
ul/ml of essential oil to achieve both MIC and the
best taste desirability.
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