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Abstract. Thyme (Thymus vulgaris L.) has been used for centuries in traditional medicine due to its various health
benefits, and it is widely used today in aromatherapy, cosmetics, and even as a culinary herb. This study aimed to
investigate how the chemical compositions and antimicrobial activity of essential oils extracted from the aerial parts
of T. vulgaris were affected by storage at different temperatures. The essential oils were obtained by hydrodistilla-
tion of air-dried samples and analyzed using gas chromatography (GC) and gas chromatography/mass spectrom-
etry (GC/MS). The study observed changes in the essential oil’s composition when stored in a refrigerator (4 °C)
and at room temperature (25 °C) for three months. The results revealed that the proportions of compounds with
lower boiling temperatures such as B-myrcene (2.29-0.20%) and a-pinene (2.74-0.24%) along with y-terpinene
(7.84-4.81%) and p-cymene (10.93-5.61%) as thymol and carvacrol precursors, were significantly decreased
when stored at room temperature. However, the amounts of thymol and carvacrol increased by 51.64 and 21.81%,
respectively, after three months storage period, indicating a rise in the oil quality index. Storing the essential oil
in a refrigerator resulted in minimal changes to the essential oil composition and maintained its primary quality.
In addition, the antimicrobial activity of the essential oils was tested using the broth microdilution method and
demonstrated that the essential oils from both storage methods retained their antimicrobial activity compared to
freshly extracted ones. In summary, these findings are beneficial for essential oil producers and consumers in the
pharmaceutical and cosmetic industries.
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U3meHeHUe cocTtaBa apupHoro macna Thymus vulgaris
NpU pasAUUYHbIX YCAOBUAX XpaHEHUA
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AHHOTaums. bBararopapss cBomm LerebHbIM cBovicTBaM 4Yabpel (Thymus vulgaris L.) BekamMu UCrOAb30BaACS
B TPaAMUMOHHON MEAMUMHE, @ CErOAHS OH LUMPOKO MPUMEHSETCS B apomartepanin, KOCMETOAOrMU W AaXe B
KauecTBe KyAMHapHOH AobaBKuW. AaHHOE MCCAEAOBAHME MOCBSILLEHO U3YUYEHUIO BAMSIHUS XPAHEHUS MPU PasAMYHbIX
Temneparypax 3QUPHbIX MaceA, M3BAEYEHHbIX M3 HaA3eMHbIX vacted T. vulgaris, Ha XUMMWYECKWI cocTaB M
aHTUMMKPOOHYHO aKTMBHOCTb. OPUPHbIE MacAa ObIAW MOAYYEHbI MyTEM MMAPOAUCTUMSALMU BbICYLUEHHbIX Ha BO3AYXE
06pasLoB 1 NpoaHaAM3npPoBaHbl C UCITOAb30BaHMeEM ra3oBow xpomMmatorpapum (IX) n razoBor xpomatorpapum,/macc-
crnektpometpumn (FX/MC). B nccaesoBaHmm HabAOAAAUCH M3MEHEHUS B COCTaBe 3PMPHOro MacAa npu XpaHeHuu B
xonoaunbHuke (4 °C) n npu komHatHoM Temmnepatype (25 °C) B TedeHue Tpex MmecsLeB. Pe3yabTaTbl MOKa3aAu, 4To AOAM
COEAMHEHMI C boAeE HUBKUMM TeMepaTypamMm KUNeHusl, Takmne kak B-mupLeH (2,29-0,20%) n o-nuHeH (2,74-0,24%),
Hapsipy ¢ y-TtepnnHeHoMm (7,84-4,81%) n n-unmmonom (10,93-5,61%) B kayeCTBE MPEALLECTBEHHUKOB TUMOAG U
KapBaKpoAa 3HAYUTEABHO CHMXaAMUCh MPU XPaHEHUM MPU KOMHaTHOH Temnepatype. OAHaKO KOAMYECTBO TUMOAA
M1 KapBakpona yBeanyuaochb Ha 51,64 u 21,81% COOTBETCTBEHHO MOCAE TPEX MECALEB XPaHEHMWS, YTO YKa3biBAeT
Ha MOBbILLIEHNE NHAEKCA KadecTBa MacAa. XpaHeHME 3PUPHOro MacAa B XONOAUAbHUKE MPUBEAO K MUHUMAAbHbIM
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M3MEHEHUSIM COCTaBa 3pUPHOro MacAa U COXPaHEHMIO ero UCXOAHOIo KadectBa. Kpome 1oro, npoTMBOMUKPOBHas
aKTUBHOCTb 3QUPHbIX MaceA bbira MPOBEPEHA C MCIOAL30BAHUEM METOAA MMKPOPA3BEAEHMS BYyAbOHa, a@ Takxe
6bIN0 MPOAEMOHCTPMPOBAHO, UTO 3PHPHbIE MacAa 060Mx Criocob0B XpaHEHUSI COXPAHSAM CBOO MPOTUBOMMUKPOOHYHO
AKTMBHOCTb 10 CPABHEHUIO CO CBEXEIKCTParupoBaHHbIMU. TakumM 06pa3omM, MOAYHYEHHbIE Pe3yAbTaTbl MOAE3HbI ANS
MPOU3BOAUTEAEH U NOTPEOUTEAEN 3PUPHBIX MaceA B papMaLeBTUUECKON M KOCMETUUYECKOM NMPOMbILLAEHHOCTH.

KnroueBbie caoBa: Thymus vulgaris, a¢upHOe MacAo, YCAOBUS XpaHEeHWs, aHTUMUKPOOHas aKTMBHOCTb, TUMOA,
KapBaKpoOA

Ana umtupoBaHusa: YoHr A.B., TxuHnb B.b. M3meHeHue coctaBa adupHOro macaa Thymus vulgaris npu pasAnyHbIX
YCAOBUSIX XPaAHEHUA U ero aHTMMUKPOOHas akTMBHOCTL // M3BecTuA By30B. lMpUKAnaaHas XMMKUS U BUOTEXHOAOTUS.
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INTRODUCTION

Essential oils are concentrated hydrophobic liquid
extracts that are derived from various parts of plants,
including flowers, leaves, stems, roots, and fruits
[1, 2]. They are highly concentrated and possess
a distinct aroma that is characteristic of the plant
species from which they are derived. In recent years,
scientific research has confirmed the potential ther-
apeutic benefits of essential oils and their bioactive
components. For example, many essential oils have
been shown to possess antimicrobial activity against
a range of pathogens [1, 3]. They have also been
shown to possess antioxidant properties, which can
help protect against oxidative stress and associated
diseases such as cancer, cardiovascular disease, and
neurodegenerative disorders [2, 4, 5]. The biological
activity of essential oils is attributed to the presence
of various bioactive compounds such as terpenes,
phenolics, and flavonoids, which are known to have
pharmacological properties [1, 2]. These compounds
interact with specific receptors in the body, triggering
a cascade of biochemical reactions that result in the
observed biological effects [1, 2].

Thymus vulgaris L., commonly known as Thyme, is
an aromatic herb belonging to the Lamiaceae family
[6]. Itis native to the Mediterranean region and is now
widely cultivated throughout the world. T. vulgaris is
also known for its medicinal properties and has been
used for centuries to treat various ailments [7-9]. The
essential oil extracted from T. vulgaris has been exten-
sively studied for its antimicrobial, antioxidant, anti-
inflammatory, and antitumor properties [9, 10]. Thymol
and carvacrol are the major active components of
T. vulgaris essential oil, responsible for its biological
activities [10]. T. vulgaris essential oil has been re-
ported to exhibit broad-spectrum activity against
pathogenic microorganisms, making it a potential
candidate for use in pharmaceutical and food indus-
tries [10].

However, the quality and efficacy of essential oils
can be influenced by various factors, such as storage
conditions [11-13]. Essential oils are highly volatile
and can be easily degraded by heat, light, and oxygen
exposure [11]. Changes in the chemical composition
of essential oils can lead to alterations in their thera-
peutic properties, which can affect their overall efficacy.
It is essential to understand how different storage con-
ditions can affect the chemical composition and bio-
logical activities of essential oil. Therefore, the aim of
the present study was to investigate the influence of

storage conditions on the chemical compositions and
antimicrobial activity of T. vulgaris essential oils.

MATERIALS AND METHODS

Plant material and isolation procedure. The aerial
parts of Thymus vulgaris were obtained from Da Lat,
Vietnam in July 2022. The plants were air-dried for two
weeks at room temperature (25 °C). After that, the es-
sential oils were extracted from the dried samples using
hydrodistillation for 4 h using a Clevengertype appa-
ratus, following the method suggested by the Vietnamese
Pharmacopoeia [14], as previously stated [15, 16]. The
distilled oils were dried using anhydrous sodium sulfate
and transferred to sealed dark vials for further analysis.

Essential oils storage conditions. To study how the
compositions of distilled oils were affected by various
storage conditions, the oil samples were stored at dif-
ferent temperatures: in a refrigerator (4 °C) and at room
temperature (25 °C). The analysis of all the stored oils
was carried out after three months. Additionally, to ac-
curately determine how the storage conditions affected
the compositions of essential oils during the entire ex-
periment period, the freshly extracted oil was analyzed
right after extraction.

Essential oil analysis. The essential oils were ex-
amined using gas chromatography (GC) and gas chroma-
tography-mass spectrophotometry (GC-MS), following
the same methods as previously described [17, 18].
The GC analysis was performed using an Agilent Tech-
nologies 7890A GC, which was equipped with a flame
ionization detector (FID) and an HP-5MS chromato-
graphic column (i.d. 0.25 mm x 30 m, 0.25 ym film
thickness). The GC-MS analysis was conducted using
an Agilent GC 7890A chromatograph, with the same
column used in the GC analysis, and coupled with an
HP 5973 MSD mass spectrometer. The essential oil
components were identified by their GC retention time
in comparison to known compounds, and by comparing
their mass spectra with those in the computer data
bank [19] and published spectra [20]. To determine the
percentage composition, peak area normalization was
used without employing any correction factors.

Antimicrobial assay. To evaluate the antimi-
crobial activity of essential oils, five different strains
of microorganisms were used: two strains of Gram-
positive bacteria (Bacillus cereus ATCC 14579 and
Staphylococcus aureus ATCC 25923), two strains of
Gramnegative bacteria (Escherichia coli ATCC 25922
and Pseudomonas aeruginosa ATCC 27853), and one
strain of yeast (Candida albicans ATCC 10231). The
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minimum inhibitory concentration (MIC) of the essential
oils was determined using the broth microdilution sus-
ceptibility method, as previously described [17, 18]. The
bacteria were cultured in Mueller-Hinton broth (MHB)
and C. albicans was cultured in Sabouraud broth (SB).
The essential oils were dissolved in 1% dimethylsulf-
oxide (DMSO) and diluted to the highest concentration.
Serial doubling dilutions were made in a 96-well mi-
crotiter plate. Overnight broth cultures of each strain
were prepared and the final concentration in each
well was adjusted to 5x10% CFU/mL for bacteria and
1x10% CFU/mL for C. albicans. The bacteria and
C. albicans were then incubated for 24 h at 37 and
30 °C, respectively. Positive controls of Streptomycin
for bacteria and Nystatin for C. albicans, as well as a
negative control of the vehicle (DMSO), were prepared

under the same experimental conditions. The MIC
values were determined as the lowest concentration
of the essential oil at which no visible growth of the
microorganism was observed [21].

RESULTS AND DISCUSSION

Changes in the composition of essential oils. Cur-
rently, there is a lack of research on the storage of plant
secondary metabolites, particularly essential oils, due
to their volatile nature and susceptibility to potential al-
terations under various storage conditions [12]. In this
study, the compositions of essential oils of T. vulgaris
were determined at two different storage temperatu-
res: refrigerator (4 °C) and room temperature (25 °C). In
total, 27 compounds were identified, representing
99.43-99.65% of the total essential oils (Tab. 1).

Table 1. Composition of Thymus vulgaris essential oils stored at the refrigerator and room temperature compared

with freshly extracted

Tabaunua 1. CoctaB apupHbIX Macen Thymus vulgaris, XpaHALWMXCA B XOAOAMAbHUKE U NPU KOMHATHOW Temneparype,

Nno CpaBHEHUIO CO CBEXEIKCTParMpoBaHHbIMWU MacAaMu

Relative peak area (%)
Compound* RI** — -

After distillation Refrigerator Room Temperature
a-Thujene 931 0.33 0.24 —FkE%
a-Pinene 938 2.74 2.06 0.24
Camphene 954 0.17 0.14 -
1-Octen-3-ol 978 0.12 - -
B-Pinene 980 0.23 0.27 0.13
B-Myrcene 991 2.29 0.94 0.20
o-Phellandrene 1005 0.67 0.95 0.10
o-Terpinene 1018 0.14 0.13 -
p-Cymene 1028 10.93 9.84 5.61
Limonene 1031 0.19 0.22 0.17
Eucalyptol 1036 1.17 1.14 1.19
y-Terpinene 1062 7.84 7.69 4.81
Terpinolene 1088 0.27 0.26 0.13
Linalool 1098 4.82 4.97 6.84
Camphor 1143 0.97 1.12 1.04
Borneol 1165 0.24 0.28 0.26
o-Terpineol 1189 0.21 0.26 0.27
Thymol methyl ether 1235 1.78 1.82 1.98
Carvacrol methyl ether 1244 0.95 0.97 1.34
Geraniol 1255 0.14 0.14 0.15
Thymol 1290 45.78 4712 51.64
Carvacrol 1298 16.05 17.24 21.81
B-Caryophyllene 1419 0.85 0.88 0.79
Germacrene D 1480 0.15 0.15 0.14
y-Cadinene 1512 0.11 0.10 -
0-Cadinene 1524 0.17 0.16 0.14
Caryophyllene oxide 1581 0.34 0.36 0.45
Monoterpene hydrocarbons 25.50 22.74 11.39
Oxygenated monoterpenes 7211 75.06 86.52
Sesquiterpene hydrocarbons 1.28 1.29 1.07
Oxygenated sesquiterpenes 0.34 0.36 0.45
Others 0.12 - -
Total identified 99.65 99.45 99.43

Note. * - elution order on HP-5MS column; ** - retention indices on HP-5MS column; *** - not identified.
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Essential oils of T. vulgaris were characterized by
a very high percentage of oxygenated monoterpenes
(72.11-86.52%). The main components of the essential
oils were similar across storage methods, including
thymol, carvacrol, p-cymene, y-terpinene, and linalool.
It can be seen that the main components of essential
oil samples in this study are similar to those of previous
studies [22-26].

Although all essential oils extracted from T. vulgaris
contain the same main components, a comparison
indicated that the amounts of main compounds were
drastically changed during storage at room temperature
compared to those of corresponding conditions (Figure
and Tab. 1). Our research discovered that the con-
centration of essential oil constituents with lower mo-
lecular weights decreased, particularly when stored at
room temperature. This decrease could be attributed
to various factors such as evaporation, oxidation, and
other undesirable alterations that occurred during the
storage period [12, 17]. Notably, after three months of
storage, the levels of lower boiling compounds signifi-
cantly decreased. The decrease was observed in both
refrigerated and room temperature conditions, but it
was more pronounced in the latter. For example, the
changes in the amounts of some components are as
follows: a-pinene initially accounted for 2.74% of the oil
content but decreased to 2.06% when stored in the re-
frigerator and 0.24% when stored at room temperature.
The second component which showed the same trend
was [-myrcene which is a monoterpene. This com-
ponent was 2.29% at the beginning of the experiment
and decreased to 0.94 and 0.20% when stored at the
refrigerator and room temperature, respectively. The
p-cymene was the third component that showed a de-
crease after three months of storage. The quantity of
this component was 10.93% at the time of oil extraction
and then its amounts were 9.84 and 5.61% when
stored in the refrigerator and at room temperature, re-
spectively. Another important constituent that showed
an interesting alteration trend was y-terpinene. As can
be seen in Tab. 1, after three months stored at room
temperature, the quantity of y-terpinene drastically de-
creased by 4.81%. The amount of this compound at the
time of oil extraction was 7.84%.

The most important results of the present study were
the increasing trend in the quantities of thymol and car-
vacrol after three months of storage, particularly at room
temperature. The thymol was 45.78% at the time of oil dis-
tillation, then increased to 47.12% when stored in the re-
frigerator and 51.64% when stored at room temperature.
Carvacrol also represented the same trend as thymol.
This compound showed an increase to 17.24 and 21.81%
when stored at the refrigerator and room temperature,
respectively. The quantity of carvacrol was 16.05% at the
time of oil extraction. The findings of this research indi-
cated that the ratios of carvacrol and thymol, which are
the primary compounds, had a different change pattern
compared to their precursors (p-cymene and y-terpinene)
after three months of storage. At this period, the amounts
of carvacrol and thymol increased in all conditions, espe-
cially at room temperature, while the quantities of their
precursors declined. This contrast in the trends can be
observed in Figure. To explain this problem, previous re-

search has shown that y-terpinene can be converted into
p-cymene through aromatization, and p-cymene can be
transformed into carvacrol or thymol through hydroxyl-
ation, which may occur during storage [28, 29]. Despite
being aromatic, thymol has been identified as a terpenoid
biosynthetic product [30]. In the late 1970s, experiments
were conducted in which radioactively labeled monoter-
penes, including y-terpinene and p-cymene, were fed to
thymol [31]. Based on the results of this study, it was sug-
gested that the biosynthesis of thymol and its chemical
isomer, carvacrol, begins with y-terpinene as the initial
monoterpene substrate and proceeds via the interme-
diate aromatic p-cymene.

In addition, after storage of the essential oil, an in-
crease in the concentration of oil components such as
a-phellandrene, limonene, linalool, camphor, borneol,
thymol methyl ester, B-caryophyllene, and carvacrol
methyl ester was observed. This could be explained by
the fact that essential oils, being stored in sealed vials,
may retain some of their volatile components as well
as undergo chemical reactions over time, leading to an
increase in concentration. Storing the oils in a dark and
cool place, such assealed dark vials in a refrigerator, may
slow down the degradation process and preserve the es-
sential oil components for a longer period of time [13].
Further studies may be necessary to determine the
exact mechanisms underlying the observed changes in
essential oil composition after storage.

Antimicrobial activity of essential oils. Tab. 2 displays
the minimum inhibitory concentrations (MICs) of the es-
sential oils from T. vulgaris, which were evaluated using
the microdilution broth susceptibility test for their anti-
microbial effects against four bacterial strains and one
yeast. The study’s findings showed that the antimicrobial
activity of essential oils from T. vulgaris remained similar
when stored at room temperature or in the refrigerator for
three months, compared to freshly extracted oils, against
B. cereus (MIC = 25 pyg/mL), E. coli (MIC = 50 pg/mL),

mAfter distillation  mRefrigenerator mRoom Temperature

Changes in the main components of Thymus vulgaris
essential oils stored at the refrigerator and room temperature
compared with freshly extracted

MN3MeHEHNST OCHOBHbIX KOMNOHEHTOB 3UpPHbIX MaceA Thymus
vulgaris Nnpy XpaHeHUN B XONOAMABHUKE M NPU KOMHATHOWM
TemnepaType No CPaBHEHWUIO CO CBEXEIKCTPArMpoBaHHbIMU
MacAaMu
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Table 2. Antimicrobial activity of Thymus vulgaris essential oils stored at the refrigerator and room temperature compared

with freshly extracted

Tabauua 2. AHTUMKUKPOOHas akTUBHOCTb 3QUPHBIX Macen Thymus vulgaris, XpaHALLMXCA B XONOAMABHUKE
W NPU KOMHATHOM TemnepaType, N0 CPaBHEHWIO CO CBEXEIKCTPArnpoBaHHbIMU MacAaMu

Minimum inhibitory concentration - MIC (ug/mL)
Microorganisms
After distillation Refrigerator Room Temperature
Bacillus cereus ATCC 14579 25 25 25
Staphylococcus aureus ATCC 25923 50 25 50
Escherichia coli ATCC 25922 50 50 50
Pseudomonas aeruginosa ATCC 27853 100 50 50
Candida albicans ATCC 10231 50 50 50

and C. albicans (MIC = 50 yg/mL). However, the essential
oil stored in the refrigerator had greater activity against
S. aureus with a MIC of 25 pg/mL, whereas the MIC of the
freshly extracted oil and oil stored at room temperature
was 50 pg/mL. Furthermore, the newly extracted es-
sential oil showed activity against P. aeruginosa with a
MIC of 100 yg/mL, whereas the MIC for the oil preserved
in the two methods was 50 ug/mL. This difference may be
due to the content and quantity of compounds present in
the analyzed essential oil samples. In general, essential
oils stored in the refrigerator and at room temperature
have retained their antimicrobial properties compared
to freshly extracted. These results are consistent with
previous studies that have demonstrated the selective
growth-inhibitory effects of T. vulgaris essential oils on
various microorganisms [32-34].

Overall, the antimicrobial properties of essential oils
from T. vulgaris are primarily linked to their composition,
especially oxygenated monoterpenes that are present
in large quantities. The differences in antimicrobial ac-
tivity among the essential oils may be due to their major
constituents, such as thymol, carvacrol, p-cymene,
y-terpinene, and linalool [22, 23]. However, due to the
complex nature of essential oils, it is challenging to
attribute their overall antimicrobial activity to one or a
few components. In this study, it was discovered that
Gram-positive bacteria were more susceptible to the
essential oils than Gram-negative bacteria, which are
frequently reported to be resistant to essential oils and

their components due to the presence of cell wall lipo-
polysaccharides that can act as a barrier [35-37]. To
fully comprehend the relationship between chemical
constituents and antimicrobial properties, additional
research is necessary to accurately account for their
effects.

CONCLUSIONS

The primary process involved in storing essential
oils is the evaporation of compounds with lower boiling
temperatures, particularly mono hydrocarbons. The re-
sults of this study suggest that storing the essential
oil of T. vulgaris in a refrigerator for three months pre-
serves its original quality better than storing it at room
temperature. Generally, storing T. vulgaris essential
oil at low temperatures limits the concentration of oil
components from increasing or decreasing, thereby
preserving the oil's primary quality with minimal
changes. However, the results of this study indicate
that storing the oil at room temperature not only does
not harm its quality but also increases important
index components such as thymol and carvacrol. Ad-
ditionally, tests showed that the antimicrobial prop-
erties of the oils stored at both room temperature and
in the refrigerator were not affected. These findings
may be applicable to storing essential oils with similar
chemical properties, and they could benefit essential
oil producers and consumers in the pharmaceutical
and cosmetic industries.
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