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Abstract: Thymus is an herbaceous perennials or subshrubs of the Lamiaceae family and is widely distributed
worldwide. Essential oils extracted from thymus have attracted much attention owing to their potential
biological functions. Here, we evaluated the chemical compositions of eight thyme essential oils (TEOs) using
gas chromatography-mass spectrometry and assessed their antioxidant activity and in potential role in
antibacterial and tumor therapy. The results showed that (1) the main components in eight TEOs were
monoterpene hydrocarbons and oxygenated monoterpenes, and the chemical compositions of TEOs were
affected by the specie factor; (2) eight TEOs could be divided into 3 groups (thymol-, geraniol-and nerol acetate-
type), and thymol was main type; (3) eight TEOs had some common compounds, such as thymol and p-
cymene, which were the main components in seven TEOs; (4) eight TEOs had antioxidant activit, and thymol-
type EOs had strong antioxidant activity, while geraniol-type EOs had relatively weak antioxidant activity. In
addition, it was found thymol had strong antibacterial activity against the growth of Escherichia coli and
Staphylococcus aureus, and antimigratory activity of A549 cell. Overall, our results can provide theoretical basis
for further exploring the function of natural products from thyme essential oils.

Keywords: thyme; essetial oil; chemical type; antioxidant; multivariate statistical analysis

1. Introduction

Thymus is an herbaceous perennials or subshrubs of the Lamiaceae family and is widely
distributed worldwide. The name of thyme was obtained because it has rich aromatic aroma during
flowering [1]. Thyme species are important aromatic and medicinal plants that have been used as
traditional medicine for thousands of years in the Mediterranean basin [2]. Thyme essential oils
(TEOs) have strong anti-inflammatory, antioxidant, antimicrobial, and antifungal functions [3-6].
The Chinese native thyme species Thymus quinquecostatus is also widely used in folk medicine for the
treatment of stroke, cold, dyspepsia, toothache, acute gastroenteritis, hypertension, chronic eczema,
and other diseases [2]. In 1986, the World Health Organization identified thyme as an important
medicinal plant and included it in the list of medicinal plants. In the European Pharmacopoeia
(published in 2001), it was stipulated that the sum of thymol and carvacrol contents must be greater
than 40% of the total essential oil contents from dried plant materials in order to be used as medicinal
purposes [7]. Essential oils are thought to be safe and are commonly employed in medications,
agricultural products and food preservation agents because of high volatility, biodegradability, and
ephemeral characteristics [8].
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Chemical type is used to describe the differences, diversity, and complexity of secondary
metabolites between individuals or even populations, and TEOs have significant differences in
chemical composition, exhibiting chemical polymorphism [9,10]. The main components of TEOs
belong to the chemical classes of terpenoids, terpene alcohols, phenolic derivatives, ketones,
aldehydes, ethers, and esters [11]. Kim et al. [12] evaluated compositional analysis of essential oils
from six commercial species of T. vulgaris and three T.quinquecostatus cultivars. The results showed
that 'Lemon’, 'Silver', and 'Odae’ belong to the thymol type, with thymol contents of 43.91%, 66.24%,
and 30.54%, respectively. 'Creeping’, 'Golden', 'Orange’, and 'Wolchul' belong to the geraniol type,
with geraniol contents of 29.57%, 65.99%, 44.70%, and 42.94%, respectively. 'Carpet' and "Jiri' belong
to the linalool type, with linalool contents of 48.16% and 47.89% respectively. In addition,
Trendafilova et al. [13] found new chemotypes of T. atticus (caryophyllene oxide/3>-caryophyllene), T.
leucotrichus (B-caryophyllene/elemol/germacrene D) and T. striatus ([3-caryophyllene/germacrene
D/caryophyllene oxide).

The classification of chemical types is usually determined by the proportion of the component
in the essential oil [14]. And the proportion of the component in the essential oil determine the
function of essential oils. However, the wide range of chemical compounds display various biological
activity because of their different mechanism. Thymol can help maintain quality and reduce the decay
of fruits and vegetables by inhibiting microbial growth during postharvest storage, the antimicrobial
effect has been mainly linked to the reduction of ergosterol, resulting in the disruption of cell
membrane integrity of microorganisms [15-17]. Carvacrol is a biocidal product leading to bacterial
membrane perturbations, in turn, it can result in the leakage of intracellular ATP and potassium ions
and ultimately, cell death [18]. Thymol, y-terpinene, and p-cymene exhibit potent antioxidant,
antibacterial, as well as ability to reduce cellular glucose intake and block lactate synthesis [3-5]. The
a-terpineol has anticonvulsant properties, can attenuate mechanical hypernociception and
inflammatory responses, and has effects on the heart and stomach [19]. The antiviral, anti-
inflammatory, antioxidant, and antibacterial properties of 1,8-cineole are well known [20]. The blood-
brain barrier permeability is increased by borneol, which also possesses anti-inflammatory and
antioxidant properties [6]. A sesquiterpene with insecticidal action is germacrene-D [21]. Another
sesquiterpene with significant pharmacological action is [-Caryophyllene [22]. By removing
duplicate information, integrated multivariate methods can efficiently characterize EO chemical
signatures [23].

In this study, we used various thyme samples collected from Europe and China native species
to extract the essential oils, we categorized these samples chemically by measuring the volatile
components using GC/MS. Then, we assessed the chemical profiles of eight TEOs from various thyme
species using a multidimensional assessment method including correlation, dendrogram, principal
component analysis (PCA). The antioxidant activity of the eight TEOs were investigated by the DPPH
free radical scavenging test and four standards of main chemical type were used to evaluate
antibacterial, cytotoxicity and cancer cell inhibitory activity. This research not only can show
breeding target by selecting the dominant chemical type of thyme, but also can provide theoretical
basis for further exploring the function of natural products.

2. Results

2.1. Phenotypic evaluation of different thyme species

According to the growth habits of thyme species, the plant can be divided into two types: erect
type and creeping type. These two types exhibit striking morphological distinctions. Figure 1 displays
the plant forms of eight distinct thyme species. Among these species, Thymus vulgaris ‘Fausitinoi’
(TvF), Thymus pulegioides (Tp), Thymus rotundifolia (Tr), Thymus thracicus (Tt), Thymus longicaulis (T1)
were erect type, Thymus vulgaris (Tv), Thymus quinquecostatus (Tq), Thymus serpyllum (Ts) belonged to
creeping type. In addition to the differences in plant type, leaf color, leaf type, flower color and
pattern were different. The flower colors of T. pulegioides, T. rotundifolia, T. longicaulis, T.
quinquecostatus were pink, the flower colors of T. vulgaris ‘Fausitinoi’, T. thracicus, T. vulgaris were

doi:10.20944/preprints202311.0084.v1


https://doi.org/10.20944/preprints202311.0084.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 November 2023

3

white to light pink. The leaf colors of T. vulgaris ‘Fausitinoi’, T. rotundifolia, T. thracicus, T. vulgaris
were dark green and leaf blade shape were ovate, the leaves of T. pulegioides were oil-green and
triangular in shape. T. longicaulis, T. quinquecostatus were green in color and ovale in shape. The leaf
color of T. serpyllum was yellow green.

Figure 1. Plant morphology of eight thymes. (a) Thymus vulgaris ‘Fausitinoi’; (b) Thymus pulegioides;
(c) Thymus rotundifolia; (d) Thymus thracicus; (e) Thymus longicaulis; (f) Thymus quinquecostatus;
(g) Thymus serpyllum; (h) Thymus vulgaris.

2.2. Essential oil components from eight thyme species

The main components in eight essential oils of thyme were determined by GC-MS. Statistical
analysis was conducted on 25 components (these compounds showed relative contents were greater
than 0.01%) for 91.54-96.18% of total TEO components, and the results were shown in Table 1. From
the data in Table 1, we found that the compositions of TEOs varied greatly among eight species.
Furthermore, the details of these differences were visualized via a heatmap. As shown in Figure 2a
and Table 1, the chemical components of TEOs were mainly terpenoids, with a relative percentage of
90.25-95.06%, including monoterpene hydrocarbons (0—41.94%), oxygenated monoterpenes (49.42—
92.23%), sesquiterpene hydrocarbons (1.64-10.11%) and oxygenated sesquiterpenes (0-0.61%).
Among them, oxygenated monoterpenes were the main components of TEOs, followed by
monoterpene hydrocarbons, and the two types of components had relatively large variation. The
contents of sesquiterpene hydrocarbons and oxygenated sesquiterpenes were relatively low in most
species detected, especially oxygenated sesquiterpenes, which were almost non-existent. In
monoterpene hydrocarbons, p-cymene and vy-terpinene were the main component, showed high
percentages in TvF (25.60% and 7.74%, respectively), Tr (21.81% and 11.66%, respectively), Tt (19.22%
and 10.51%, respectively), Ts (21.15% and 11.16%, respectively), and Tv (17.25% and 17.80%,
respectively). In oxygenated monoterpenes, geraniol, thymol, carvacrol and nerol acetate were the
main component. Geraniol showed high percentages in Tl (25.60%) and Tq (21.81%). Among the six
of the eight TEOs tested, the percentage of thymol exceeded 40%. In addition, it was found that
carvacrol contained 20.61% in Tp essential oil. Interestingly, we observed a high percentage of nerol
acetate (41.02%) in the EOs of Tl with both thymol and carvacrol as 0. Only three sesquiterpene
hydrocarbons were detected, with caryophyllene containing a high percentage. Only caryophylllen
oxide was detected in oxygenated sesquiterpenes, and the highest percentage was found in Tp (0.5%).

According to Table 1, the yields of TEOs ranged from 0.53% to 1.63% dry matter (v/w). Tt had
the highest yield (1.63%) of all the samples, with thymol (51.68%) being the most dominant. Other
important components included p-cymene (19.22%), y-terpinene (10.51%), linalool (3.25%),
caryophyllene (1.76%), terpinolene (1.62%), 3-myrcene (1.50%) and a-thujene (1.21%). The EO yields
of Tr and Ts were more than 1.5%, and the main chemical components were thymol (42.75% and
47.31%, respectively), p-cymene (21.81% and 21.15%, respectively) and y-terpinene (11.66% and
11.16%, respectively). Tp had the lowest EO yield (0.53%) of all the samples, and with the thymol
(48.32%), carvacrol (20.61%), and p-cymene (8.70%) being the top three components in this species.
Allin all, TEO yields decreased in the following order: Tt > Tr > Ts > T1 > TvF > Tv > Tq > Tp.

doi:10.20944/preprints202311.0084.v1
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Table 1. The chemical composition of thyme essetial oils from eight species.
Compound RE RT® Relative Concentration (%)

TvF Tp Tr Tt Tl Tq Ts Tv
o-Thujene 920 921 1.06:0.13 - - 1215012 - - - -
a-Pinene 929 921 - - - - - - - 0.87+0.01
Camphene 952 936 - - - - - 0.21+0.02 - -
1-Octen-3-0l 980 968 -  130:020 0.98:0.04 - - - - -
B-Myrcene 991 982 128:0.04 -  1.08+0.11 1.50:0.14 - - 0.89+0.04 2.55:0.07
Terpinolene 1017 1008 0.98:0.02 -  1.80:0.06 1.62:0.31 - - 127+0.50 3.48:0.15
p-Cymene 1025 1018 25.6040.98 8.70+0.16 21.81+0.3619.22¢0.50 -  0.17+0.01 21.15+1.117.25+0.06

D-Limonene 1030 1021 - - 0442010 0.66:011 - - 063008 -
Eucalyptol 1032 1030 0.76:0.06 0.82+0.01 0.630.08 0.66:0.06 0.15:0.02 - - 14320.02
y-Terpinene 1060 1058 7.74+0.08 2.680.07 11.66£0.0810.51£0.14 - 0.21+0.02 11.16+0.2017.80+0.02
Linalool 1099 1097 3.64:038 -  0.64£0.01 3.25:0.12 0.43:0.01 0.61:0.01 0.83:0.08 2.34+0.24
endo-Borneol 1167 1164 - - 051007 - 4.06:0.06 13.54+0.012.63£0.05 -
Terpinen-4-ol 1177 1176 1.63:0.05 1.12:0.18 0.62:0.04 -  0.15:0.01 0.61:0.03 0.640.08 0.93£0.02
Thymolmethyl ;35 1535 _ 1192013 2342007 - - 020:001 - -
ether
Carvacrol
1244 1244 - - 4294006 - - - - -
methylether
Citral 1247 1247 - - - - 023:0.02 049:001 - -
Geraniol 1255 1254 - - - - 37.89+1.48 74.04+0.15 - -
Bornyl acetate 1285 1286 - - - - 0.35+0.03 - - -
Thymol 1291 1292 45.74+0.4448.32+0.7042.75+0.5651.68+0.87 -  1.36:0.00 47.310.6642.44+0.30
Carvacrol 1299 1300 4.43+0.18 20.610.552.18+0.16 - - - 3.600.52 2.28+0.06
Nerol acetate 1382 1385 - - - - 41.02:0.17 1.36:0.01 - -
Caryophyllene 1419 1422 1.64+0.08 1.46+0.44 1.56:0.26 1.76£0.09 7.30+0.08 1.130.12 1.80+0.14 2.50+0.16
Germacrene D 1481 1483 - - - - 0.63:0.10 1.09:0.01 0.66£0.08 -
B-Bisabolene 1509 1511 -  246:136 1265003 -  2.18:0.12 0.01:001 - -
Caryophyllene 51 15738 - 061:019 - - 0211002 001001 - -
oxide
Monoterpene 36.65+1.0611.38+0.2036.78+0.2434.72+0.65 0 0.59+0.03 41.94+0.2335.09+1.13
hydrocarbons
Oxygenated 56.19+0.4074.34+0.4053.96+0.7155.58+0.83 84.26+1.32 92.23+0.1449.42+40.5655.01+0.73
monoterpenes
Sesquiterpene 1.64:0.08 3.92+1.36 2.81x0.24 1.76:0.09 10.11£0.06 2.24:0.13 2.50+0.16 2.46£0.16
hydrocarbons
Oxygenated 0 061019 0 0 021001 0.01:001 0 0
sesquiterpenes
Total 96.18+1.4991.54+1.2794.19+0.6492.19+0.12 94.581 37 95.06+0.3192.56+0.6893.85+0.88
EO yields (%) 1.09+0.12 0.53+0.06 1.60£0.05 1.63:0.08 1.16:0.05 0.78:0.03 1.50+0.06 1.00+0.02

The numbers are arranged in order of retention time, and values (relative peak area percent) represent averages
of three determinations (“-” indicates no detection); RI 2 retention index of the component on semi-standard
non-polar capillary column from NIST and reported literature; RI ®: calculated retention index of standard
mixture of n-alkanes on HP-5MS capillary column. TvF, T. vulgaris ‘Fausitinoi’; Tp, T. pulegioides; Tr, T.
rotundifolia; Tt, T. thracicus; T1, T. longicaulis; Tq, T. quinquecostatus; Ts, T. serpyllum; Tv, T. vulgaris.
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Figure 2. Analysis of volatile components of essential oils. (a) heatmap; (b) PCA score plot; (c)
dendrogram; (d) Pearson correlation plot.

2.3. Multivariate statistical analysis of essential oil components from eight thyme species

The primary components present in the essential oils of all eight species of thyme were subjected
to principal component analysis (PCA) analysis. (Figure 2b). The results showed that the first PC axis
and the secondary PC axis explained 94.10% of the overall variance (Figure 2b). Tl and Tq were clearly
separated from Tt, Tr, Ts, TvF, Tv and Tp according to PC1, and Tl and Tq were clearly separated
according to PC2. In conclusion, the essential oil components variation between Tt, Tr, Ts, TvF, Tv
and Tp were obviously high. Dendrogram analysis confirmed the results of PCA analysis in which
the 25 main volatile components from TEOs were clustered into 3 different clusters (Figure 2c). The
first cluster was mainly composed of thymol, Tt, Tr, Ts, TvF, Tv and Tp belonged to the group, which
can be defined as thymol-type; Tq was clustered into second cluster because of their main
components was geraniol, defined as geraniol-type; Tl was clustered into third cluster because of
their main components was nerol acetate, defined as nerol acetate-type (Figure 2d). In terms of thyme
species correlations, the strongest positive correlation was observed in first cluster, all P of which
were outweigh 0.8. In addition, three chemical type standards were used for antibacterial activity and
anti-tumor cell migration, and the results showed that thyme has strong antibacterial activity and
antimigratory activity (Figure S1 and S2).
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2.4. Characterization of shared and unique TEO components from eight thyme species

By analyzing the shared and unique components of eight TEOs, the results were shown in Figure
3a. The findings revealed that the number of components present in each TEO ranged from 10 to 16.
Furthermore, we found that a majority of components were shared by more than one cultivar. For
example, p-cymene, y-terpinene, linalool, terpinen-4-ol, thymol and caryophyllene were present in
seven samples. Of these, only caryophyllene was shared in all samples. Four components, such as a-
pinene, camphene, carvacrol methylether and bornyl acetate, were unique to specific thyme species.
The chemical profiles of the p-cymene, y-terpinene, linalool, terpinen-4-ol, thymol and caryophyllene
shared seven TEO components are presented in Figure 3b. Tt, Tr, Ts, TvF, Tv and Tp showed the
highest p-cymene (19.22%, 21.81%, 21.15%, 25.6%, 17.25% and 8.7%, respectively) and thymol (51.68%,
42.75%, 47.31%, 45.74%, 42.44% and 48.32%, respectively). In EO of Tq, although all six compounds
were contained, the contents of six compounds were low. These results suggested that the
composition of Tq essential oil was quite different from that of the other six TEOs, but the types of
compounds were similar.
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Figure 3. Distributions of shared and unique components from eight TEOs. (a) Shared and unique
components from eight TEOs; (b) The main shared chemical composition of TEOs.

2.5. Variation analysis of TEO components from eight thyme species

Given the above analysis results, 25 main volatile components were identified and a majority of
components had different degrees of variation. The results about variation analysis of TEO
components from eight thyme species were showed in Figure 4. The percentage contents of 22
components in the 25 main volatile components was mainly concentrated in 0-10%. It was noted that
geraniol was the most variable of all components (0-74.04%), followed by thymol (0-51.68%) and nerol
acetate (0-41.02%), and then p-cymene (0-25.60%). Of these, thymol was mainly concentrated between
40-50%, while p-cymene was mainly concentrated at 20%.
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Figure 4. Variation analysis of TEO components from eight thyme species.

2.6. Evaluation of antioxidant activity of eight thyme species

DPPH free radical scavenging results showed that all eight essential oils had significant
antioxidant activity in a dose-dependent manner, and antioxidant activity increased with the increase
of essential oil concentration, as shown in Figure 5a, b. When the concentration of essential oils was
0.05 mg/mL, the antioxidant activity of essential oils were the weakest, and when the concentration
of essential oils was 1 mg/mL, the antioxidant activity of essential oils was the strongest. In addition,
when the concentration of essential oils was 0.5 mg/mL and 0.6 mg/mL, there was no significant
difference in the free radical scavenging rates of different kinds of thyme, especially in TvF and Tv,
their free radical scavenging rates were nearly the same. And four of eight TEOs had stronger
antioxidant activity than vitamin E in the concentration of 1 mg/mL. The eight essential oils were
ranked in order of antioxidant activity: Tp > Tt > Ts > TvF > Tr > Tv > T1 > Tq.

Then we analyzed the volatile components and DPPH activity of thyme in conjunction (Figure
5c). A total of 16 compounds were positively correlated with DPPH scavenging ability, which were
ranked in descending order of correlation: thymol, carvacrol, p-cymene, 1-octen-3-ol, D-limonene, a-
thujene, caryophyllen oxide, B-bisabolene, y-terpinene, eucalyptol, thymol methyl ether, linalool,
terpinen-4-ol, B-myrcene, terpinolene. There were 9 compounds negatively correlated with DPPH
scavenging ability, which were ranked in descending order of correlation, as follows: geraniol, endo-
borneol, germacrene D, camphene, caryophyllene, a-pinene. In conclusion, thymol and carvacrol
played a key role in antioxidant activity, while geraniol and nerol acetate had weak antioxidant
activity, which further indicated that the difference in antioxidant capacity of these eight essential
oils may be due to the difference in the proportion of moniterpenoids and the best essential oil with
antioxidant activity was thymol/carvavol-type, followed by geraniol/nerol acetate-type, while
geraniol type essential oil had relatively weak antioxidant activity.
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Figure 5. Antioxidant activity of essential oils from eight thyme species. (a) Standard curve of DPPH;
(b) DPPH scavenging activity; (c) Correlation analysis of volatile components and DPPH activity.

3. Discussion

The main chemical categories of components in TEOs include monoterpene hydrocarbons,
oxygenated monoterpenes, sesquiterpene hydrocarbons, oxygenated sesquiterpenes, ketones,
aldehydes, ethers and esters [24,25]. Among them, thymol and carvacrol are phenolic derivatives and
the most common chemical types in TEOs [26,27]. In this study, six out of eight TEOs were thymol
type. In addition, some chemotypes are rare, for example, the chemotypes of a-terpenyl acetate
(accumulate to 50-70% of a-terpenyl acetate) and cis-sabinene hydrate (accumulate to 63.2% of cis-
sabinene hydrate) were detected in Denmark and Lithuania, respectively [28,29]. Previous studies
have shown that the qualitative composition of TEOs are controlled by genetically [30]. However, the
different environmental conditions (climate, soil chemistry), pest control, fertilization method,
extraction method and harvesting time can influence the quantitative composition of its essential oils,
as well as the percentage composition [31-33]. For instance, the contents of carvacrol or thymol
increases as the change of temperature, whereas cis-sabinene hydrate is not influenced by
temperature [33]. In Zataria multiflora, increasing calcium contents in soil tends to increase essential
oil yield and carvacrol contents but decrease linalool contents [34]. In oregano, it can synthesized
more thymol than other chemical components at high altitudes [35]. In bergamot fruit, the
composition of the main chemical components of essential o0il changed dynamically during ripening
[36]. In lavender, the contents and chemical composition of essential oil were influenced by flower
development, temperature, gene expression [37]. In these eight thyme species from the same
cultivation conditions, T. thracicus included highest thymol contents and T. pulegioides included
highest carvacrol contents, but there were no thymol and carvacrol in T. longicaulis. This may also
relate to its terpenoid metabolic pathways, therefore different chemical types of thyme can be used
as good research materials for different biogynthesis pathways. Over a long period of time, several
of the genes responsible for volatile synthesis may be impacted by internal genetic factors connected
to anatomical and physiological characteristics of the plants and the biosynthetic pathways of the
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volatiles. The same plant species can have different ecotypes or chemotypes as a result of those
circumstances. [38].

In our investigation, the abundances of numerous components differed significantly among the
eight TEOs we tested, which is similar with findings from the oregano study [39]. However, the yields
of oregano essential oils were positively correlated with the content of carvacrol/thymol. According
to Lukas et al. [40], the active cymyl pathway typically results in the formation of significant amounts
of phenolic monoterpenes (mostly carvacrol and/or thymol) while concurrently maintaining high EO
yields. But this phenomenon was not found in this study. Characterization of shared and unique
TEO components from eight thyme species showed six shared components among the seven thyme
species. In addition, p-caryophyllene was shared in all thyme species tested. Previous studies have
shown that the formation of shared components may be due to these species encountering the same
selection factors, such as antimicrobial, antioxidant, antiparasitic, and pro-pollinator effects [41,42].
Our examination of the shared elements revealed vital information about the traits that all thyme
species share.

Every active cell is a small factory, constantly undergoing a large number of chemical reactions,
and free radicals are inevitably present during the chemical reaction process, which can cause varying
degrees of damage to the cells. Antioxidants can act by reducing activity of their structure, allowing
the neutralization of free radicals, decomposition of peroxides and chelation of transition-metal ions
[43-45]. And Brewer [46] found that the aromatic rings and the arrangement and number of hydroxyl
groups affected antioxidant activity. Previous studies have shown that thymol and carvacrol have
strong antioxidant effects [47-49]. In this study, it was found that eight TEOs had antioxidant
capacity, and four of them had stronger antioxidant capacity than vitamin E. Furthermore, it was
found that the antioxidant capacity of eight TEOs was related to the sum of thymol and thymol, for
example, Tp having the strongest antioxidant capacity and the highest contents of thymol and thymol
(68.92%); the antioxidant capacity of Tt was second, and the sum of thymol and carvacrol contents
was 51.68%; Tq had the worst antioxidant capacity, and the contents of carvacrol and thymol in Tq
was the lowest (1.36%).

4. Materials and Methods

4.1. Plant Materials

The eight thyme materials were obtained from the Institute of Botany, Chinese Academy of
Sciences (IB-CAS), Beijing, China (Figure 5). T. vulgaris ‘Fausitinoi’, T. pulegioides, T. rotundifolia, T.
thracicus, T. longicaulis, T. serpyllum, T. vulgaris were collected from Europe, T. quinquecostatus was
Chinese native thyme. All the above-ground part of the plants in full bloom were collected and rinsed
well with water, then stored in the shade for future use.

4.2. Extraction of Essential Oils

Eight thyme samples dried were crushed into a powder. The 100 g of powdered samples were
combined with 1000 mL of distilled water to extract the essential oils by steam distillation. After
boiling, the extraction procedure was carried out for three hours. The essential oils were extracted,
dried with anhydrous sodium sulfate, and kept at 4°C in an amber bottle. As the dry weight of plant
materials (in% v/w of 100 g dried raw material), the yields were calculated.

4.3. Gas Chromatography-mass Spectrometry Analysis of Essential Oils

The essential were filtered via filter membrane of 0.22 um and diluted with n-hexane. The 7890A-
7000B GC-MS (Agilent Technologies, Santa Clara, CA, USA) outfitted with an HP-5MS column (30 m
x 0.25 mm x 0.25 um; Agilent Technologies) was then used to conduct gas chromatography-mass
spectrometry (GC-MS). The temperature of the injector was 280°C. The oven program has the
following settings: The temperature was kept at 40°C for 2 min, then increased linearly to 260°C at a
rate of 4°C/min; the temperature was then increased to 260°C at a rate of 4°C/min; and finally, the
temperature was increased to 310°C at a rate of 60°C/min. The following are the MS symptoms:
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quadrupole, electronic impaction source temperature of 230 °C, ionization energy of 70 eV and 50-
500 u of mass range.

The RI values were determined using n-alkane (C7-C40) hydrocarbons under the same
conditions. The relative percentage of essential oil components was determined based on the peak
area. Retention index (RI) values and the spectra from the 17.0 library of the National Institute of
Standards and Technology were compared to identify the compounds [50]. Under the same
circumstances, the RI values were calculated using n-alkane (C7-C40) hydrocarbons. Based on the
peak area, the relative percentage of the essential oil components was calculated.

4.4. In Vitro Antioxidant Activity

Using a previously described approach, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging
activity of extracts from 8 essential oils was evaluated [51]. Essential oils and 0.1 mM DPPH ethanol
solution totaling 0.5 mL each were added to 96-well plates and incubated for 30 minutes in the dark
before the absorbance at 517 nm was measured.

4.5. Statistical Analysis

The statistical analysis was performed with office 2010, R version:4.2.0 and a onlin software
(https://www.chiplot.online). Values are represented as the mean + SEM. All experiments were
independently performed in triplicate. Asterisk (*) indicates significant differences (*P < 0.05, **P <
0.01, ***P < 0.001).

5. Conclusions

This study established a multidimensional analytical method to evaluate differences in the
chemical profiles and potential biological functions of EOs from eight thyme species. The results
showed that TEOs exhibited chemical diversity, and three main clusters were identified (thymol-,
geraniol- and nerol acetate-type) and thymol was main type. The percentage contents of 22
components in the 25 main volatile components was mainly concentrated in 0-10%. The geraniol was
the most variable of all components (0-74.04%), followed by thymol (0-51.68%) and nerol acetate (0-
41.02%), and then p-cymene (0-25.60%). In addition, eight TEOs had some common compounds, such
as thymol and p-cymene, which may encounter the same selection factors. The eight TEOs had
antioxidant activity, and the contents of thymol and carvacrol were positively correlated with
antioxidant activity of TEOs. Overall, our results contributed to understanding of the TEOs and can
provide theoretical basis for further exploring the function of natural products from thyme essential
oils.
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