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Garden thyme (Thymus vulgaris L.), member of the 
Lamiaceae family, is native to southern Europe, where 
it is often cultivated as a  culinary herb. T. vulgaris 
is widely used in folk medicine for its expectorant, 
antitussive, anti-inflammatory, antioxidant, and anti-
microbial properties (37). Thyme herb contains many 
different phenolic compounds (e.g., thymol, carvacrol, 
caffeic acid, quinic acid, ferulic acid, syringic acid, 
rosmarinic acid, gallic acid), monoterpenes (e.g., 
p-cymene, α-terpinene, linalool), flavonoids (e.g., 
luteolin, naringenin, apigenin), polysaccharides (e.g., 
starch, homogalacturonan, rhamnogalacturonan I, and 
cellulose), saponins, alkaloids, steroids, tannins, min-
eral compounds (e.g., sodium, potassium, magnesium, 
calcium, iron, phosphorus, selenium), and vitamins 
(e.g., B6, B9, E, A, C) (5, 37).

It has been shown that essential oils obtained from 
T. vulgaris have antiparasitic properties: against tro-
phozoites of Entamoeba histolytica (7), Trypanosoma 
brucei (32), Trypanosoma cruzi (44), Giardia lamblia 
(9); antifungal properties against Aspergillus niger (33); 
antibacterial properties against Klebsiella pneumonia, 
Escherichia coli, Enterobacter cloacae, Salmonella sp. 
(8), Mycobacterium tuberculosis (39). Hexane extracts 
obtained from T. vulgaris have been shown to have 
activity against E. histolytica (7), M. tuberculosis (24). 
Chloroform extract obtained from T. vulgaris has been 
shown to have activity against E.  coli and Shigella 
dysenteriae (34) and non-tuberculous mycobacteria 
(20). Hydroalcoholic extract showed activity against 
the protozoan E. histolytica (7), Staphylococcus au-
reus and E. coli (15), bacteria such as K. pneumoniae, 
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S. aureus, Listeria monocytogenes, Enterococcus 
faecalis (16), and multiple antibiotic resistant Vibrio 
parahaemolyticus and Vibrio fluvialis (36).

Fish mycobacterioses are diseases caused by 
mycobacteria belonging to species other than the 
Mycobacterium complex (M. tuberculosis, M. bovis, 
M. africanum) and Mycobacterium leprae. These 
mycobacteria are referred to as nontuberculosis my-
cobacteria (NTM). Various NTM species, including 
M. marinum, M. chelonae, M. peregrinum, and M. for-
tuitum, cause diseases in fish (18, 27, 40, 42). Fish 
mycobacteriosis is a chronic, systemic granulomatous 
disease that can affect various tissues and organs. The 
symptoms of the disease are non-specific. Observed 
signs include lethargy, loss of appetite, weight loss, 
scale loss, ulcers, spinal deformities, ascites, and gener-
al emaciation of the fish. Grey or whitish nodules may 
be present in internal organs such as the kidneys, liver, 
and spleen. In the early stages of the disease, nodules 
may be invisible. Mycobacteria causing diseases in 
fish can also cause skin and soft tissue infections in 
humans (45). Furthermore, increasing resistance to 
many anti-mycobacterial drugs is being observed (19, 
21). Therefore, new anti-mycobacterial substances are 
being sought. Plants and their secondary metabolites 
are rich sources of anti-mycobacterial compounds (12, 
41, 43). Literature reports indicate that T. vulgaris con-
tains compounds effective against M. tuberculosis (24, 
39). To the best of the authors’ knowledge, T. vulgaris 
extracts have not been studied for their activity against 
NTMs isolated from fish. Therefore, in this study the 
anti-NTM potential of the aerial parts of T. vulgaris 
was examined for the first time in vitro using hexane 
(HEX), ethanol (ETH), and water (WAT) extracts.

Material and methods
Plant material and extraction process. Dried S. hortensis 

plants were obtained from the herb wholesaler NANGA 
(Przemysław Figura, Złotów, Poland). Hexane (HEX), 
ethanol (ETH), and water (WAT) extracts were prepared 
following the methods previously outlined by Puk et al. (43).

Study of the antimicrobial activity. The rapid growth 
mycobacteria (RGM): Mycobacteroides abscessus (known 
previously as Mycobacterium abscessus) (n = 1), Myco-
bacteroides chelonae (Mycobacterium chelonae) (n = 16), 
Mycolicibacterium fortuitum (Mycobacterium fortuitum) 
(n = 10), Mycolicibacterium mucogenicum (Mycobacte-
rium mucogenicum) (n = 1), Mycolicibacterium neoaurum 
(Mycobacterium neoaurum) (n = 2), Mycolicibacterium 
peregrinum (Mycobacterium peregrinum) (n = 12), Myco-
bacteroides salmoniphilum (Mycobacterium salmoniphi-
lum) (n = 1), Mycobacteroides saopaulense (Mycobacte-
rium saopaulense) (n = 1), Mycolicibacterium senegalense 
(Mycobacterium senegalense) (n = 4), Mycolicibacterium 
septicum (Mycobacterium septicum) (n = 2), and slow 
growth mycobacteria (SGM): Mycobacterium gordonae 
(n  = 15), Mycobacterium marinum (n = 33), Mycobac-
terium szulgai (n = 1) were studied. The mycobacterial 

strains were identified on the basis of molecular characters 
as described previously (17, 41). M. fortuitum ATCC 6841, 
M. peregrinum ATCC 700686, M. marinum ATCC 927, and 
M. gordonae ATCC 14470 were used as reference strains. 
The antimicrobial activity of the extracts was investigated 
by the method previously described by Puk et al. (43).

Gas chromatography-mass spectrometry (GC-MS). The 
GC-MS analyses were repeated three times for each sample 
using a  Thermo TRACE GC Ultra gas chromatograph 
(Thermo Fisher Scientific Inc., Waltham, MA, USA) con-
nected to a Thermo ITQ 1100 ion trap mass spectrometer 
detector (Thermo Fisher Scientific Inc., Waltham, MA, 
USA) as previously described by Puk et al. (43).

Results and discussion
The HEX, ETH and WAT extracts from aerial parts 

of T. vulgaris exhibited antimicrobial activity against 
SGM (n = 49) and RGM (n = 50) strains isolated from 
diseased ornamental fish. The MICAV values of HEX, 
ETH, and WAT extracts against RGM strains were 
found to be at 146.50 µg/mL, 728.00 µg/mL, and 
> 800 µg/mL, respectively (Tab. 1). The MICAV values 
of HEX, ETH, and WAT extracts against SGM strains 
were found to be at 50.77 µg/mL, 253.06 µg/mL, and 
> 800 µg/mL, respectively (Tab. 1 and 2).

The most active extract against RGM and SGM 
strains was the hexane extract. Its chemical compo-
sition was determined using GC-MS, which allowed 
the identification of 53 compounds (Fig. 1, Tab. 3). 
The major chemical compounds in HEX extracts 
were found to be thymol (27.35%), tetratetracontane 
(19.68%), dotriacontane (10.34%), p-cymene (5.92%), 
stigmast-5-en-3-ol (4.89%), carvacrol (2.64%), thy-
moquinone (2.00%), (1r)-1,6,6-trimethyl-cis-bicyc-
lo[3.3.0]octan-3-one (2.52%), 5,10-dihexyl-5,10-di-
hydro indole[3,2b]indole-2,7-dicarbaldehyde (2.15%), 
and linalyl anthranilate (1.06%), the proportion of other 
components being below 1% (Fig. 1, Tab. 3).

In our study, the hexane extract showed the highest 
activity against the tested SGM and RGM bacteria 
(MICAV = 99.12) compared to the ethanol extract 
(MICAV = 492.93) and the aqueous extract (MICAV 
>  800) (Tab. 1 and 2). The activity of ethanol ex-
tracts from T. vulgaris has been demonstrated against 
multiple antibiotic-resistant V. parahaemolyticus and 
V. fluvialis (36). The extract studied by Oramadike and 
Ogunbanwo (36) exhibited high content of flavonoids 
(89.64 mg/100 g), saponins (54.53 mg/100 g), phenolic 
compounds (51.76 mg/100 g), anthraquinones (30.35 
mg/100 g), alkaloids (26.60 mg/100 g), cardiac glyco-
sides (18.23 mg/100 g), and tannins (6.76 mg/100 g). 
In our study, the ETH extract exhibited significantly 
weaker activity against the tested SGM and RGM 
strains compared to the HEX extract. The WAT extract 
had the weakest activity, and at the tested concentra-
tions, it did not exhibit any activity (Tab. 1 and 2).

The composition of the HEX extract, analyzed 
using GC-MS, revealed several chemical compounds 
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Tab. 1. Sensitivity of the tested NTM strains to HEX, ETH, and WAT extracts of T. vulgaris

Bacteria Extracts
Minimal inhibitory concentration (µg/mL)

> 800 800 400 200 100 50 25 12.5 6.25 < 6.25

Rapid growth mycobacteria (n = 50)

M. abscessus 
(n = 1)

HEX 1

ETH 1

WAT 1

M. chelonae 
(n = 16)

HEX 1 2 13

ETH 15 1

WAT 16

M. fortuitum 
(n = 10)

HEX 3 4 2 1

ETH 10

WAT 10

M. peregrinum 
(n = 12)

HEX 4 5 2 1

ETH 6 6

WAT 12

M. neoaurum 
(n = 2)

HEX 2

ETH 2

WAT 2

M. mucogenicum 
(n = 1)

HEX 1

ETH 1

WAT 1

M. saopaulense 
(n = 1)

HEX 1

ETH 1

WAT 1

M. septicum 
(n = 2)

HEX 1 1

ETH 2

WAT 2

M. salmoniphilum 
(n = 1)

HEX 1

ETH 1

WAT 1

M. senegalense 
(n = 4)

HEX 2 2

ETH 2 2

WAT 4

Slow growth mycobacteria (n = 49)

M. gordonae 
(n = 15)

HEX 2 9 4

ETH 12 3

WAT 15

M. marinum 
(n = 33)

HEX 5 20 7 1

ETH 3 24 6

WAT 33

M. szulgai 
(n = 1)

HEX 1

ETH 1

WAT 1

Explanations: HEX – hexan extract; ETH – ethanol extract; WAT – water extract
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belonging to the terpene group: such as 
cis-ocimene, camphene, 4-methyl-1-pent-
en-3-ol, α-terpinene, p-cymene, ocimene, 
eucalyptol, γ-terpinene, sabinene hydrate, 
linalyl anthranilate, norbornan-2-one,  
nopol, terpinen-4-ol, p-cymen-8-ol, β-fen-
chol, cis-limonene-oxide, thymol methyl 
ether, carvacryl methyl ether, thymoqui-
none, carvacrol, thymol, α-copaene, β-car-
yophyllene, germacrene D, calamenene, 
caryophyllene oxide, alpha-gurjunene, 
isoledene, guaiazulene, and squalene. 
Among them, thymol, p-cymene, carvac-
rol, thymoquinone, and linalyl anthrani-
late occurred in quantities exceeding 1% 
(Fig. 1, Tab. 3). The structural similarity 
of thymol, carvacrol, and p-cymene al-
lows p-cymene to isomerize into the other 
two. Furthermore, it should be noted that 
γ-terpinene, p-cymene, carvacrol, and 
thymol occur in the same biosynthetic 
pathway (25).

Thymol [2-isopropyl-5-methylphenol] 
is one of the main monoterpene phenol 
occurring Thymus vulgaris essential oil 
(2). Thymol is biosynthesized by the ar-
omatization of γ-terpinene to p-cymene 
followed by hydroxylation of p-cymene 
(30, 38). Many studies have described the antibac-
terial properties of thymol against bacterial species 
such as E. coli, Streptococcus mutans, Staphylococcus 
epidermidis, Staphylococcus aureus, E. faecalis, 
Yersinia enterocolitica, and Bacillus subtilis (26, 46). 
Its antibacterial properties have also been demonstrated 
against Mycobacterium smegmatis (26), M. tubercu-
losis (3), and M. bovis (3). The antibacterial effect 
of thymol was attributed to the ability to permeabi-
lize and depolarize the cytoplasmic membrane (49). 
In the HEX extract examined in this study, thymol  
constituted 27.35%.

Tetratetracontane is a  long chain alkane found in 
the T. vulgaris HEX extract examined in the present 
study, at a concentration of 19.68%. There is limited 
literature on the antibacterial activity of tetratetracon-
tane. It has been demonstrated that tetratetracontane is 
one of the antibacterial constituents in the HEX extract 
of Quisqualis indica (1), as well as in the chloroform  

and ethyl acetate extracts of Cryptococcus rajasthan-
ensis (6).

Dotriacontane is an alkane substance occurring in 
the HEX extract of T. vulgaris examined in the present 
study, at 10.34%, and in the available literature, there 
is no information on its antibacterial activity.

p-Cymene[1-methyl-4-(1-methylethyl)-benzene, 
4-isopropyltoluene, 1-isopropyl-4-methylbenzene, 
or 1-methyl-4-isopropylbenzene] is a  monoterpene 
phenol found in T. vulgaris, and utilized for medic-
inal purposes. The antimicrobial properties of this 
compound are well known (29). Previous studies 
have shown that its antibacterial effects are related 
to several mechanisms, such as inhibition of biofilm 
formation, disruption of lipid function in the bacterial 
membrane, destabilization of the membrane, and a de-
crease in membrane potential (10, 29, 47). In the HEX 
extract examined in this study, p-cymene constituted  
5.92%.

Fig. 1. GC-MS analysis of T. vulgaris HEX extract
Explanations: 1) p-cymen (RT = 10.63); 2) linalyl anthranilate (RT = 12.76); 
3) thymoquinone (RT = 17.13); 4) thymol (RT = 18.32); 5) carvacrol  
(RT = 18.54); 6) (1r)-1,6,6-trimethyl-cis-bicyclo[3.3.0]octan-3-one (RT=22.32); 
7) tetratetracontane (RT = 45.96 and 62.51); 8) dotriacontane (RT = 62.51);  
9) sigma-5-en-3-ol (RT = 63.85)

Tab. 2. The MIC values for T. vulgaris HEX extract (µg/mL) against isolates of NTMs (n = 99): SGM (n = 49) and RGM (n = 50)

MIC
Hexan Ethanol Water

RGM SGM RGM + SGM RGM SGM RGM + SGM RGM SGM RGM + SGM

MICAV 146.50 50.77 99.12 728.00 253.06 492.93 > 800 > 800 > 800

MIC90 200 100 200 800 400 800 > 800 > 800 > 800

MIC50 100 50 50 800 200 400 > 800 > 800 > 800

Explanations: RGM – rapid growth mycobacteria; SGM – slow growth mycobacteria; MIC – minimum inhibitory concentration; 
MICAV – the mean inhibitory concentration of the tested strains; MIC90 – minimum inhibitory concentration required to inhibit the 
growth of 90% of bacterial strains; MIC50 – minimum inhibitory concentration required to inhibit the growth of 50% of bacterial strains
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Tab. 3. Chemical composition of Thymus vulgaris HEX extract
No. CAS number RT (min) Compound Formula MW (Da) %

  1 995-83-5   5.82 1,1,3,3,5,5,7,7,9,9-decamethylpentasiloxane C10H32O4Si5 356 0.02

  2 108-65-6   6.40 1-methoxy-2-propanol acetate C6H12O3 132 0.11

  3 127744-55-2   7.90 (e)-2-[(n-hydroxy-n-phenyl)-amino]-3-[n(phenylimino)]-indole C22H19N3O 341 0.01

  4 6874-10-08   8.11 cis-ocimene C10H16 136 0.13

  5 79-92-5   8.54 camphene C10H16 136 0.10

  6 4798-45-2   9.28 4-methyl-1-penten-3-ol C6H12O 100 0.19

  7 540-97-6   9.48 dodecamethylcyclohexasiloxane C12H36O6Si6 444 0.01

  8 93772-22-6   9.61 1-methyl-3-(3,4-dimethoxyphenyl)-6,7-dimethoxyisochromene C20H22O5 342 0.04

  9 NA   9.73 3-(4’-methoxyphenyl)-1-acetyl-2-phenylindolizine C23H19NO2 341 0.03

10 99-86-5 10.40 alpha-terpinene C10H16 136 0.04

11 99-87-6 10.63 p-cymene C10H14 134 5.92

12 3779-61-1 10.75 ocimene C10H16 136 0.05

13 470-82-6 10.84 eucalyptol C10H18O 154 0.39

14 99-85-4 11.61 gamma-terpinene C10H16 136 0.13

16 546-79-2 11.88 sabinene hydrate C10H18O 154 0.17

17 107454-09-1 12.00 2-[à-(p-bromophenyl)-á-mercaptoethenyl]isoquinolin-1-(2h)-one C17H12BrNOS 357 0.03

19 7149-26-0 12.76 linalyl anthranilate C17H23NO2 273 1.06

20 107454-09-1 13.47 2-[à-(p-bromophenyl)-á-mercaptoethenyl]isoquinolin-1-(2h)-one C17H12BrNOS 357 0.02

21 76-22-2 14.20 norbornan-2-one C10H16O 152 0.19

22 128-50-7 14.81 nopol C11H18O 166 0.61

23 562-74-3 15.10 terpinen-4-ol C10H18O 154 0.37

24 1197-01-9 15.32 p-cymen-8-ol C10H14O 150 0.18

25 470-08-6 15.47 beta-fenchol C10H18O 154 0.13

26 13837-75-7 15.65 cis-limonene oxide C10H16O 152 0.05

27 1076-56-8 16.62 thymol methyl ether C11H16O 164 0.72

28 6379-73-3 16.90 carvacryl methyl ether C11H16O 164 0.53

29 490-91-5 17.13 thymoquinone C10H12O2 164 2.00

30 93772-22-6 17.76 1-methyl-3-(3,4-dimethoxyphenyl)-6,7-dimethoxyisochromene C20H22O5 342 0.05

31 89-83-8 18.30 thymol C10H14O 150 27.35

32 499-75-2 18.54 carvacrol C10H14O 150 2.64

33 3856-25-5 20.55 α-copaene C15H24 204 0.09

34 NA 20.65 2,5,5-trimethyl-2-(butylthio)cycloheptatriene C14H22S 222 0.08

35 2444-28-2 20.83 2,6-ditert-butyl-1,4-benzenediol C14H22O2 222 0.09

36 87-44-5 21.75 beta-caryophyllene C15H24 204 0.48

37 NA 22.32 (1r)-1,6,6-trimethyl-cis-bicyclo[3.3.0]octan-3-one C11H18O 166 2.52

38 23986-74-5 23.11 germacrene D C15H24 204 0.12

39 23986-74-5 24.05 germacrene D C15H24 204 0.29

40 483-77-2 24.25 calamenene C15H22 202 0.17

41 1139-30-6 25.78 caryophyllene oxide C15H24O 220 0.78

42 NA 26.00 1,2-dihydroacenaphthylen-3-carbaldehyde C13H10O 182 0.11

43 489-40-7 26.63 alpha-gurjunene C15H24 204 0.07

44 95910-36-4 27.02 isoledene C15H24 204 0.28

45 489-84-9 27.80 guaiazulene C15H18 198 0.06

46 55401-65-5 31.08 octahydro-1-(2-octyldecyl) pentalene C26H50 362 0.11

47 84-74-2 31.66 dibutyl phthalate C16H22O4 278 0.04

48 7683-64-9 32.34 squalene C30H50 410 0.09

49 7098-22-8 45.96 tetratetracontane C44H90 618 8.91

50 7098-22-8 52.33 tetratetracontane C44H90 618 19.68

51 NA 54.34 5,10-dihexyl-5,10-dihydro indole[3,2b]indole-2,7-dicarbaldehyde C28H34N2O2 430 2.15

52 544-85-4 62.50 dotriacontane C32H66 450 10.34

53 83-47-6 63.85 stigmast-5-en-3-ol C29H50O 414 4.89

Explanations: RT – retention time, MW – molecular weight
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Stigmast-5-en-3-ol [β-sitosterol], a  pentacyclic 
triterpene, is a bioactive phytosterol that is naturally 
derived from plant cell membranes. Its antibacte-
rial properties against E. coli, S. aureus, K. pneu-
monia, Streptococcus pyogenes, Bacillus subtilis, 
Corynebacterium ulcerans, Pseudomonas auruginosa, 
Salmonella typhi, S. dysenteriae, Candida albicans 
and Candida virusei have been demonstrated (4, 28, 
52). The antibacterial activity of β-sitosterol involves 
inhibiting peptidoglycan biosynthesis and preventing 
cell wall formation (13). In the HEX extract examined 
in this study, stigmast-5-en-3-ol constituted 4.89%.

Carvacrol [5-isopropyl-2-methylphenol] is a mono-
terpene phenol found in T. vulgaris. Its antibacterial 
properties have been demonstrated against M. tuber-
culosis (3), M. bovis (3), M. abscessus, M. chelonae, 
M. mucogenicum, M. smegmatis (31). The antibacterial 
effect of carvacrol has been attributed to its ability to 
permeabilize and depolarize the cytoplasmic mem-
brane (49). Additionally, carvacrol has shown strong 
inhibition of biofilm formation (31). In the HEX 
extract examined in this study, carvacrol constituted  
2.64%.

Thymoquinone [2-isopropyl-5-methyl-1,4-benzo-
quinone] (2.00%) is the monoterpene molecule found 
in T. vulgaris. Its activity against M. tuberculosis (11) 
has been demonstrated. The mechanism of action of 
thymoquinone is related to the disruption of the bac-
terial cytoplasmic membrane (14) and a decrease in 
intracellular ATP concentration (48). Jankowski et al. 
(23) demonstrated that the antimycobacterial activity 
of thymoquinone is associated with the depletion of 
NAD and ATP pools and the down regulation of plasma 
membrane lipids. In the HEX extract examined in this 
study, thymoquinone constituted 2.00%.

Linalyl anthranilate [3,7-dimethylocta-1,6-dien-3-yl 
2-aminobenzoate]is an arene and terpene found in 
various plants such as Agastache mexicana, Lavandula 
angustifolia, Origanum majorana, and T. vulgaris (22, 
35, 51). A study by Yang et al. (50) reported its anti-
microbial activity against carbapenemase-producing 
K. pneumonia without affecting the efflux system. 
Linalyl anthranilate reacts with bacterial membrane 
compounds, forms ROS, and degrades nucleic acids, 
lipids, and proteins (50). In our study, linalyl anthra-
nilate was present in the HEX extract of T. vulgaris at 
a concentration of 1.06%.

In this study, the HEX extract also identified two 
unidentified compounds: (1r)-1,6,6-trimethyl-cis-bi-
cyclo[3.3.0]octan-3-one at 2.52% and 5,10-dihexyl-  
5,10-dihydro indole[3,2b]indole-2,7-dicarbaldehyde at 
2.15%. To the best of the authors’ knowledge, there is 
no literature on their antibacterial properties.

Conclusions. This study demonstrated that the HEX 
extract of T. vulgaris has a notable anti-NTM effect. 
These effects may be due to the presence of various 
phytochemicals, primarily terpenes such as thymol, 
p-cymene, carvacrol, and thymoquinone. GC-MS 

analysis revealed the presence of thymol in high con-
centrations. According to the literature, thymol exhibits 
strong anti-mycobacterial properties. Further studies 
are needed to determine the in vivo anti-NTM effect 
of thymol and its potential clinical use.
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