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Abstract: Animal products contaminated with food-borne pathogens and/or resistant bacteria cause infections that
are difficult to treat. However, with the invention of natural plant essential oils, thyme extracts have been replaced
to ensure consumer safety, reduce losses and mitigate health risks in place of antibiotics, disinfectants and other
chemicals. The objective of this study was to investigate the anti-bacterial effect of thyme extracts and determine
the quantity of extraction yields. In the study, the anti-bacterial activity of thyme (Thymus vulgaris L.) extracts
against multidrug-resistant Escherichia coli (EC) strains was investigated. The antibacterial activity of the extracts
was investigated using the disc diffusion method by CLSI. The thyme extracts were prepared by methanol, ethanol,
acetone, and water as solvents. The extraction yields of methanol and water solvents were higher (P=0.020) than
ethanol and acetone solvents. However, anti-bacterial activities of ethanol, methanol, and acetone extracts were
higher than water extract against EC1, EC3, EC4, and EC6 (P<0.001, P<0.001, P<0.001 and P=0.009, respectively).
The results showed that methanol, ethanol, and acetone extracts of thyme have high anti-bacterial activity against
multidrug-resistant E. coli strains. Methanol within the extracts can be preferred to other solvents for both yielding
more product and higher anti-bacterial effect.
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Kekik (Thymus vulgaris L.) ekstraktlarinin ¢coklu direncli
Escherichia coli suslar lizerine antibakteriyel aktivitesi

Ozet: Gida kaynakli patojen ve/veya direncli bakterilerle kirlenmis hayvansal (riinler, tedavisi zor enfeksiyonlara
neden olur. Ancak dogal bitki esansiyel yaglarinin icadiyla, tlketici gtvenligini saglamak, kayiplar azaltmak ve
saglk risklerini hafifletmek igin antibiyotikler, dezenfektanlar ve diger kimyasallarin yerine kekik ézleri kullanilmaya
baslanmistir. Bu calismanin amaci, kekik &zlerinin antibakteriyel etkisini arastirmak ve ekstraksiyon verimlerinin
miktarini belirlemektir. Calismada, kekik (Thymus vulgaris L.) 6zltlerinin ¢oklu ilaca direncli Escherichia coli (EC)
suslarina karsi antibakteriyel aktivitesi arastinlmistir. Oziitlerin antibakteriyel aktivitesi disk diflizyon yéntemi ile CLSI
standartlarina gore arastiriimistir. Kekik 6zleri ¢ozlicti olarak metanol, etanol, aseton ve su kullanilarak hazirlanmistir.
Metanol ve su c¢ozicullerinin ekstraksiyon verimleri, etanol ve aseton c¢ozlcllerinden daha yiiksek (P=0,020)
bulunmustur. Ancak, etanol, metanol ve aseton 6zitlerinin antibakteriyel aktiviteleri EC1, EC3, EC4 ve EC6'ya karsi
su Ozutlinden daha ylksekti (sirastyla P<0.001, P<0.001, P<0.001 ve P=0.009). Sonuglar, kekigin metanol, etanol ve
aseton 6zltlerinin ¢oklu ilaca direngli E. coli suslarina karsi yliksek antibakteriyel aktiviteye sahip oldugunu gésterdi.
Oziitlerdeki metanol, hem daha fazla Griin elde etmek hem de daha yiiksek antibakteriyel etki saglamak icin diger
¢ozlcllere tercih edilebilir.

Anahtar kelimeler: Antimikrobiyal aktivite, Escherichia coli, kanatli, kekik ekstraktlar, Thymus vulgaris L.

Introduction

Avian pathogenic Escherichia coli (APEC) is the major
cause of colibacillosis in poultry production (Sola-
Gines et al, 2015) and causes food-borne infecti-
ons in humans. This disease causes considerable
economic losses in the poultry industry due to high
mortality rates, carcass condemnations, treatment,
and preventive costs (Halfaoui et al, 2017; Azam et
al, 2019). Antibiotics are extensively used to control

APEC infections in poultry. Concerns related to the
use of antibiotics with overdose and misuse have
led to the development of resistance in the envi-
ronment and microflora and, in that way, hindered
the treatment and prevention of bacterial infections.
Besides, it was led to transmission of resistant infec-
tious agents to humans and caused public health
problems (Yassin et al, 2007).
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Medicinal plants have been used for the treat-
ment, prevention of infections and contamination
of dairy by-products since ancient times (Loziene et
al, 2007). Thyme contains numerous molecular spe-
cies with diverse therapeutic properties, which vary
depending on their concentration in the extract.
Among different thyme plants Thymus vulgaris, T.
vulgaris, one of the most studied cultivars (Sokovic
et al. 2010; Usai et al, 2011). Extracts and oil include
thymol and carvacrol with a huge amount of pheno-
lic compounds (Koksal et al., 2017). The antimicrobi-
al effect of thyme extract was mainly affected by the
type of solvent used in the extraction (Chidubem
and Rapuruchukwu, 2020). Both water and alcoholic
extracts are prepared due to strong antibacterial ef-
fect against most of the Gram-positive and Gram-
negative bacteria (Fan and Chen, 2001; Al-Tarawneh,
2004; Bounatirou et al, 2007; Ebrahimi et al., 2008;
Gedikoglu et al. ,2019).

Water, ethanol, methanol, and acetone extrac-
tion are commonly used ones because of the strong
anti-bacterial effect of their extracts due to their
high capacity to dissolve phenolic compounds in
plants (Sun and Ho, 2005). Because antibacterial ac-
tivity may vary depending on the content, research-
ers' preference usually includes both extraction
methods. In the study of Nawaz et al. (2020) water
content was found to be better for the retention of
the phenolic compounds than methanol, ethanol,
and acetone. In addition, Abdul Qadir et al. (2017)
showed that methanol and ethanol were superior
solvents to acetone and water for thyme extraction.
Due to the variability of extraction output, in this
study, antibacterial activity of ethanol, methanol, ac-
etone, and water extracts of thyme was investigated
against multiresistant E. coli strains.

Materials and Methods
Preparation of plant extracts

Thyme leaf was purchased in dried form from a lo-
cal market in Samsun, Turkiye. Plant extracts were
prepared by using four different solvents (metha-
nol, ethanol, acetone, and water) according to the
methods described by Yeo et al. (2014) with the ad-
dition of centrifugation to provide a more efficient
filtration (Weerakkody et al., 2010). Briefly, 2 g of dry
powdered thyme was mixed with 20 ml of metha-
nol, ethanol, acetone, or distilled water. The mixture
was placed in a shaker at 150 rpm for 12 hours at
room temperature. After the extraction period, the
samples were centrifuged at 1000 g for 10 min. The
supernatant was filtered through a filter paper and

evaporated in a rotary evaporator to completely dry
(at 40 °C for ethanol, methanol, and acetone extract,
and 60 °C for aqueous extract). The dry extract was
dissolved in 1 ml of its solvent.

Extraction yield

The extraction yield was calculated by the following
equation (Gonelimali et al,, 2018);

Yield (%): (X1*100/XO0)
X1: Weight of extract after evaporation

XO0: Dry weight of plant powder before extraction

E. coli isolation and identification

In 2024, 14 cecal samples from a local broiler prem-
ise of Samsun were collected for bacteriological iso-
lation. E. coli was isolated from 12 samples following
the method developed by Lee et al (2009). Briefly,
after diluting 1 gram of cecal sample to 9 ml of ster-
ile physiological saline (PBS), all were streaked onto
a MacConkey agar (100205, Merck) for keeping at
37°C for 24 h incubation. The lactose-fermenters
colonies were smeared and stained, and all gram-
negative bacilli colonies were further processed.
The isolates were subcultured onto blood agar
and kept at 37°C for 24 h to isolate pure cultures.
Biochemical identification for 12 E. coli suspicious
isolates was based on oxidase, urea hydrolysis with
Urea Agar (108492, Merck), and citrate utilization
tests with Simmons’ Citrate Agar (103855, Merck)
in addition to the behavior of the isolates in triple
sugar iron (TSI) agar (103915, Merck) butt and slant
(MacFaddin, 2000).

Confirmation of E. coli Isolates by Genotypic
Identification

DNAs were extracted using hot-boiling method.
Briefly, 200 pL of the bacterial suspension in ster-
ile normal saline was boiled at 100 C for 5 minutes.
After centrifugation, supernatant was used as tem-
plate DNA with 10 pL of proteinase K. Polymerase
chain reaction (PCR) was adopted on the extract-
ed DNA samples as recommended by Kong et al
(1999) with primers specific for E. coli housekeeping
phoA gene sequence. The amplified product of 903
bp was electrophoresed in 1.8% agarose gel at an
electric current of 1.5 V/cm of the agarose length
and visualized with a Gel doc/UV transilluminator
(WiseUV, WUV-M20, Daihan Scientific).

Antibiogram test

In the study, mostly applied antibiotics for the
treatment of enteric diseases in poultry and at the
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premises of Samsun were selected. The antibiotic
susceptibility of 12 E.coli strains to 6 antibiotic was
determined using the Kirby Bauer disc diffusion
method described by Bakht et al. (2011) accord-
ing to CLSI (2023). First of all, the precultured E. coli
strains were standardized to 0.5 McFarland. Sterile
cotton swabs were used to transfer the bacterial
strains aseptically and then cultured over Muller
Hinton Agar (MHA, 103872, Merck). Whatman No.
1 filter paper discs (6 mm in diameter) were placed
on the media with the help of sterile forceps, and 15
pl of each thyme extract was applied to the discs.
Then, the petri dishes were placed in the incuba-
tor at 37 °C for 20-22 hours, and subsequently, the
diameters of inhibition zones were determined and
evaluated based on CLSI protocol (Wayne PA, 2023).

Statistical analysis

The experiments were performed in triplicate, and
the mean values of the extraction yields and the di-
ameter of inhibition zones were calculated. The re-
sults were expressed as mean + standard deviation.
All data were analyzed by one-way ANOVA using
SPSS software version 17, and means were com-
pared using Duncan’s test. The level of significance
was present at P<0.05.

Results

The yields of ethanol, methanol, acetone, and water
extracts of thyme are shown in Table 1. In the study,
methanol and water extracts had higher (P=0.020)
extraction yields than ethanol and acetone extracts.

Antibiogram test was performed against the
6 antibiotics mentioned below with all strains of E.
coli. Six out of 12 E. coli strains found resistant were
used for the detection of the antibacterial effect of

thyme extracts. Antibiotic resistance results were as
follows. EC1 was resistant to lincomycin (2 pg/disc,
L2), bacitracin (10 pg/disc, B10), amoxicillin (30 pg/
disc, AMC30), ciprofloxacin (5 ug/disc, CIP5), sulfa-
methoxazole (25 pg/disc, SXT25), colistin (10 pg/
disc, CT10), EC2 was resistant to L2, B10, AMC30,
CIP5, SXT25, EC3 was resistant to L2, B10, AMC30,
EC4 was resistant to L2, B10, AMC30, CIP5, SXT25,
EC5 was resistant to L2, B10, AMC30, CIP5, SXT25,
and EC6 was resistant to L2, B10, CIP5 (Gungor,
2023).

The antibacterial activity of thyme extracts
against multidrug-resistant E. coli strains is given
in Table 2. In the study, ethanol, methanol, and ac-
etone extracts showed higher antibacterial activity
than water extract against EC1, EC3, EC4, and EC6
(P<0.001, P<0.001, P<0.001 and P=0.009, respec-
tively), while water extracts had no inhibition zone
against EC1-4. Methanol extract showed the highest
(P<0.001) zone against EC2 compared to other ex-
tracts. Similarly, methanol and ethanol extracts had
the highest (P<0.001) antimicrobial activity on EC5
compared to other extracts. Water extracts had low-
er inhibition zones to EC5 and EC6 strains than the
other extracts (P<0.001 and P=0.009, respectively).

Table 1. Extraction yields of ethanol, methanol, acetone, and
water extracts of thyme

Extraction Methods

Extraction Yield (%)

Ethanol 7.62° £ 2.96
Methanol 11.527 £ 1.10
Acetone 7.00° + 1.93
Water 12.30° £ 0.96
P-value 0.020

All values represents mean + standard deviation (n=3).
2bMeans followed by different letter vary significantly (P<0.05)

Table 2. Inhibition zones of thyme extracts against multidrug-resistant E. coli strains

E. coli strains

Extraction

Methods EC1 EC2 EC3 EC4 EC5 EC6
Ethanol 11332+ 153  1033°+0.58  11.00°+ 000  11.00°+ 1.00  11.50® +0.50  10.67° + 0.58
Methanol 1267°£208 1183 +£104  11.17°+ 104 12332 +£208  1317°+189  12.50°  2.29
Acetone 1117°£ 076  967°+058  11.17°+ 161  1167°£058  11.00°+ 000  11.83° £ 2.36
Water 6.00° £ 0.00 6.00° + 0.00 6.00° £ 0.00 6.00° + 0.00 6.33 £ 0.58 633" £ 0.58
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.009

All values represents mean + standard deviation (n=3).
abcMeans followed by different letter vary significantly (P<0.05)
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Discussion and Conclusion

Thyme preference depends on its therapeutic prop-
erties, such as anti-oxidative, anti-inflammatory,
anti-fungal, anti-parasitic, anti-viral, anti-tumoral
and immune modulatory characteristics (Roby et
al., 2013; Thamer et al,, 2021; Vassiliou et al, 2023).
Therefore, studies have focused on the optimization
of yield productivity and stability. Since solvent po-
larity has been significantly affecting the extraction
yield and antimicrobial activity of phenolic com-
pounds in plant material (Roby et al, 2013; Nawaz et
al., 2020; Alam et al., 2022) both alcoholic and aque-
ous extraction methods were used in the study. In
the present study, similar to Nawaz et al. (2020), the
extraction yield of water was higher than those of
ethanol and acetone (Table I). Similarly, Parzhanova
et al. (2018) reported that aqueous extract had a
higher yield than 70% of ethanol. In this study par-
allel results have been obtained with Martins et al.
(2015) who have reported water yield was higher
than methanol in thyme extracts. Different results
between the studies can also be due to the differ-
ences in the temperatures of the aqueous extract
prepared with distilled water (Alam et al, 2022). In
this study, contrary to ethanol and acetone, a higher
yield was obtained with methanol following water.

Water as a polar solvent is better for retaining
the phenolic compounds of plant materials than
with lower polarity, such as methanol, ethanol, and
acetone (Nawaz et al,, 2020). However, several au-
thors have reported that ethanol and methanol are
more efficient solvents than water for extracting an-
timicrobials, including various groups of flavonoids
(Zhishen et al, 1999; Moure et al., 2000; Siddhuraju
and Becker, 2003). Although the extraction yield
of water was higher than ethanol and acetone, the
antimicrobial activity of ethanol, methanol, and ac-
etone extracts was higher than aqueous extract in
these studies. Similarly, Parzhanova et al. (2018) re-
ported that the aqueous extraction yield was higher
than that of 50% ethanol, although total phenol and
flavonoids were lower in aqueous extract than in
50% ethanol. The phenolic compounds in the aque-
ous extract may have a lower antimicrobial effect
against studied E. coli strains compared to other
extracts (Sola-Gines et al., 2015; Azam et al., 2019;
Chidubem et al, 2020). In the present study, the
aqueous extract was concentrated at 60 °C by evap-
oration, but other extracts were processed at 40 °C.
In the study, higher temperatures may have caused
a loss of some phenolic compounds in aqueous ex-
tracts, which can be another reason for the lower
antimicrobial activity of aqueous extracts. Similar to

this study, Abdul Qadir et al. (2017) reported that
methanol and ethanol extract of thyme leaf showed
antimicrobial activity against E. coli, while it was not
observed in aqueous extract (prepared at 70 °C). In
contrast, it has been reported that acetone extract
of thyme (Abdul Qadir et al, 2017), acetone and
ethanol extract of lemon thyme (Thymus pulegioi-
des L., (Loziene et al., 2007) showed no antimicrobial
activity against E. coli. This difference comes from
the changes in thyme variety, extraction methods,
or E. coli strains between the studies.

The results showed that methanol, ethanol, and
acetone extracts of thyme have a high potential
for bacterial inhibition against multidrug-resistant
E. coli strains. Methanol extraction of thyme leaves
yielded better antibacterial activity than the other
solvents in the study.

The study shows that further detailed studies
need to be conducted to verify antimicrobial spec-
trum of clinical strains with purified thyme constitu-
ent. Future perspectives should be concentrated on
the antimicrobial mechanisms with pharmacokinetic
and dynamic properties of the constituent to enrich
the product range and create alternatives in terms
of suitability for applications.
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