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NATURAL DRUGS

GC-MS EVALUATION OF THE ESSENTIAL OILS  
FROM THE NEWLY DEVELOPED CULTIVARS OF SATUREJA MONTANA 

GROWN IN SOUTHERN UKRAINE
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Abstract: Satureja montana L. is widely used in traditional medicine and cooking. New varieties of this 
species are created and grown for different purposes. Essential oil (EsO) samples were obtained from the 
fresh flowering shoots of four new Ukrainian cultivars of S. montana: ‘Krymski smaragd’, ‘Lunata’, ‘697-1’, 
and ‘N3-18’. The EsO of cultivars ‘Lunata’ and ‘Krymski smaragd’ were studied in two following harvest 
years (2019 and 2020). The EsO samples were analyzed using gas chromatography-mass spectrometry 
(GC-MS). More than 60 components were identified in the studied EsO. Carvacrol was the principal 
component of all the samples (58.3-87.0% as GC-MS relative abundances). p-Cymene was the second 
predominant component (5.0-8.8%) in the EsO of all the cultivars collected in the year 2020, while cultivars 
‘Lunata’ and ‘Krymski smaragd’ gathered in 2019 contained it in much fewer amounts (1.7% and 0.5%, 
respectively). The third main component in the EsO of the most studied varieties was γ-terpinene (0.9% 
to 6.6%). Only cultivar ‘N697-1’ contained carvacrol methyl ether at a significant level (11.7%). All 
the tested samples met the requirements of International Standard Organization (ISO) 79284:1991(E), 
supposing that the qualitative composition of the S. montana EsO should comprise the following main 
constituents: γ-terpinene, p-cymene, linalool, terpinen-4-ol, and carvacrol. It can be concluded that we 
dealt with the carvacrol chemotypes of S. montana. It was also revealed that growth year influenced the 
EsO composition of ‘Krymski smaragd’ and ‘Lunata’ cultivars. Our results allowed to compare the EsO 
of the S. montana new cultivars.

Keywords: winter savory, cultivars, essential oil, carvacrol chemotype, GC-MS analysis.

* Corresponding author: e-mail: natali_gudz@ukr.net

The Lamiaceae Martinov family is known as 
the family of plants useful for flavoring or medici-
nal properties (1, 2). This family covers 263 genera 
and over 7000 species (2). The Savory (Satureja L.) 
genus is one of the genera of the Lamiaceae family 
and comprises 64 recognized species, including sub-
species and hybrids (3). These aromatic and medici-
nal plants grow spontaneously in the Mediterranean 
region, West Asia, the Middle East, and South 
America (2, 4). Summer savory (S. hortensis L.) 
and winter—or mountain—savory (S. montana L.) 

are the most popular medicinal and aromatic plants 
among the Satureja species (4, 5). In the Pubmed 
database in April 2022, more than 500 scientific pa-
pers were found using the search phrase ‘Satureja’, 
and among them ‘Satureja montana’ and ‘Satureja 
hortensis’ dominated (114 and 133 results, respec-
tively). In other words, almost half of the papers were 
focused on these two Satureja species.

As a perennial evergreen subshrub, winter 
savory is more preferred in cooking for flavor-
ing food compared to summer savory, which is 
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an annual plant and only available fresh during 
the summer (5). S. montana is native to warm arid 
regions in the Mediterranean area and Northern 
Africa. However, it is cultivated in subtropical to 
temperate climate zones, including Ukraine (5, 6). 
It grows up to 70 cm high, with linear leaves and 
verticillaster inflorescences composed of pale pink 
flowers. The height depends on the year of growth 
(2). The aerial part of S. montana produces many 
bioactive phytochemicals, such as mono-, di- or 
triterpenoids, phenolic acids, flavonoids, tannins, 
etc. (2, 4, 6-9). S. montana has a typically strong 
and pleasant odor similar to carvacrol (9). Many 
researchers study the herb and EsO of S. montana 
as possible sources of antibacterial and antioxidant 
components (6, 10, 11).

The significant amounts of such aromatic 
monoterpenoids as carvacrol, thymol, p-cymene or 
estragole can be considered the main contributors to 
the antimicrobial activity of S. montana EsO (4, 5, 
12-15). The species of the Satureja genus and other 
species of the Lamiaceae family could be consid-
ered effective sources to overcoming the resistance 
of many pathogenic microorganisms to antibiotics (1, 
16-19). The EsO of Italian S. montana—containing 
carvacrol and estragole as the main components—
showed antimicrobial activity against Escherichia 
coli, Staphylococcus aureus, and Listeria monocy-
togenes alone or in combination with gentamicin 
(20). The EsO of the Croatian S. montana—con-
taining 50.2% of carvacrol and 11.0% of thymol in 
GC-MS analysis—possessed anti-diarrheal activi-
ties by inhibiting the appropriate pathogenic bacte-
ria (Shigella flexneri, Salmonella enterica serovar 
typhimurium and Escherichia coli) (21). The aerial 
part of S. montana also possesses antioxidant, ex-
pectorant, carminative, digestive, anti-helminthic, 
immunomodulatory, anti-inflammatory, analgesic 
and other valuable biological activities (5, 20, 22). 
Significant insecticidal, acaricidal, and nematicidal 
effects were also found for the EsO obtained from 
this species (22).

The existence of many chemotypes of S. mon-
tana, as well as other Lamiaceae representatives, 
was reported by many researchers (1, 2, 6, 13, 15, 
21). The chemical composition of EsO also depends 
on the geographic location, growth conditions, iso-
lation techniques, the stage of plant development, 
and other known and unknown factors (6, 21, 23, 
24). Thus, Ibraliu et al. (24) found using GC-MS 
and GC-FID analyses that carvacrol (21.07-55.95%) 
was the main compound in five out of six samples 
of the S. montana EsO obtained from the plants 
growing in different natural locations in Albania. 

These five samples grew in the Mediterranean 
climatic subzone. One sample (P4), grown in the 
Continental climatic subzone, had a unique chemi-
cal composition, because it did not belong to ei-
ther the carvacrol or thymol chemotype, but con-
tained a significant fraction of borneol (9.64%) 
and sesquiterpenes such as trans-β-caryophyllene 
(10.79%) and germacrene D (10.44%). Chizzola 
described the carvacrol/p-cymene and linalool 
chemotypes of S. montana from different natural 
locations in Southern France (25). Damjanovic-
Vratnica et al. monitored the effect of the vegeta-
tion stage on the EsO composition of the wild-
growing S. montana from Montenegro (26). The 
increased content of thymoquinone, with important 
therapeutic effects, was reached using supercriti-
cal fluid extraction of the S. montana EsO instead 
of hydrodistillation (27).

The cultivation of aromatic medicinal plants 
could help solve such problems as variations in the 
amounts of active ingredients and the conservation 
of valuable species and varieties (2, 24, 28-33). The 
need to obtain certain active ingredients highlights 
the necessity of the experimental breeding and cul-
tivation of varieties rich in bioactive compounds (1, 
2, 6, 15, 34).

This study aimed to analyze the qualitative EsO 
composition of four new cultivars of S. montana 
grown in southern Ukraine and developed by the 
Institute of Rice of the Ukrainian National Academy 
of Agrarian Sciences (NAAS) in Ukraine. The re-
sults of the study will aid in plant selection with de-
sirable characteristics of bioactive compounds for 
further large-scale cultivation and the identification 
of specimens for future selective breeding.

EXPERIMENTAL  
(MATERIALS AND METHODS)

Plant Material
The flowering shoots of S. montana cultivars 

were collected in the Kherson region (Ukraine) 
in 2019 and 2020 from plots of the Sector of 
Mobilization and Conservation of Plant Resources 
of the Rice Institute (Plodove, Kherson region, 
Ukraine, 46°44′11″ N. latitude, 33°24′09″ E. lon-
gitude). Fresh plant raw material was used for the 
hydrodistillation of EsO. The voucher specimens of 
the studied cultivars were deposited in the Sector of 
Mobilization and Conservation of Plant Resources of 
the Rice Institute. A total of 100 g of ground flow-
ering shoots were used for each hydrodistillation. 
Detailed information about the studied cultivars is 
provided in Table 1.
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The average temperatures and aver-
age precipitation were 13.2°C and 13.3°C 
and 307.7 mm and 280 mm, respectively, 
in 2019 and 2020; 2019 was slightly wet-
ter (35, 36).

Isolation and GC-MS EsO Analyses
The EsO isolation procedure involved 

its hydrodistillation using a Clevenger-type 
apparatus and was described previously (6, 
18, 19).

The Hewlett Packard HP 6890 GC 
chromatograph was used for the GC-MS 
analysis of EsO according to the method de-
scribed in (18, 19). The experimental linear 
retention indices were calculated accord-
ing to the definition of Van den Dool and 
Kratz using the n-alkanes standard obtained 
from Supelco (Bellefonte, US). The reference 
linear retention indice (LRI) values were 
sourced from the NIST Chemistry WebBook 
and the work of Babushok et al. (37, 38). The 
LRIs were used to confirm or reject GC-MS 
hits based on MS spectra similarity with the 
NIST 11 library. The presence of compounds 
like thymol, carvacrol, p-thymol (3-methyl-
4-isopropylphenol), cis-sabinene hydrate, 
α-terpinene, terpinen-4-ol, α-terpineol, lin-
alool, and linalyl acetate, was confirmed 
using reference materials purchased from 
Merck (Darmstadt, Germany). Each analysis 
was repeated three times and the results were 
expressed as a mean value. For semi-quan-
tification, the normalized peak area abun-
dances were employed.

RESULTS AND DISCUSSION

The EsO of the four new cultivars of 
S. montana bred at the Rice Institute of 
Ukraine are discussed in this paper. The 
names and characteristics of the studied cul-
tivars are presented in Table 1.

In total, more than 60 compounds were 
identified in the studied samples (Table 2). 
An example of the total ion chromatogram is 
provided in Figure 1. The identified compo-
nents were found in different relative abun-
dancies (Tables 2 and 3, Figures 2 and 3).

The EsO of the newly studied S. mon-
tana cultivars were rich in some terpene 
compounds, which we discussed and de-
scribed below. All of the tested samples 
met the requirements of ISO 79284:1991, Ta
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Figure 1. Chromatogram of the S. montana EsO (S6). The main peaks were numbered according to Table 2.

Figure 2. Box plots for the relative abundance of the main components in the studied Satureja montana EsO. The boxes represent  
the Q1–Q3 interquartile ranges, lines splitting the boxes indicate medians, crosses indicate the mean values, whiskers indicate the range, 
and dot indicates the outlying result.
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Table 3. Relative abundance (in%) of the components in the EsO from six samples of the Satureja montana cultivars. The compounds 
are ordered according to the total sum of% area for all of the cultivars. Numbers above peaks correspond to the order of components in 
Table 2; nd - not detected.

9 Component
Samples

S1 S2 S3 S4 S5 S6

1 Carvacrol 83.70 87.03 69.52 76.31 65.39 58.26

2 p-Cymene 1.67 0.51 6.27 4.95 8.78 5.42

3 γ-Terpinene 1.61 0.92 6.00 5.79 5.03 6.62

4 Carvacrol methyl ether 0.08 0.09 nd 0.06 0.15 11.70

5 Linalool 0.80 1.21 1.30 0.79 3.24 1.17

6 1-Octen-3-ol 0.94 0.82 0.83 1.07 1.20 0.63

7 cis-Sabinene hydrate 0.52 0.85 0.83 0.90 1.24 0.93

8 Terpinen-4-ol 0.71 0.88 0.70 0.66 1.24 0.74

9 α-Terpinene 0.04 0.04 1.13 1.02 0.93 1.11

10 Caryophyllene 0.13 0.56 0.66 0.42 0.65 1.47
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commanding that the EsO of S. mon-
tana should comprise the following 
main constituents: γ-terpinene, p-cy-
mene, linalool, terpinen-4-ol and 
carvacrol (9). Furthermore, we can 
conclude that the studied new cul-
tivars belong to the carvacrol che-
motype of S. montana with a high 
abundance of carvacrol which was 
more than 58%. According to one 
more classification (13, 32), these cul-
tivars are related to chemotype A or 
phenolic chemotype, characterized 
by a high content of phenolic com-
pounds (carvacrol and thymol).

The aromatic monoterpenoid 
carvacrol was the main constituent 
of the EsO of all the studied S. mon-
tana cultivars (Figure 4). Its rela-
tive abundance ranged from 58.3% 
to 87.0%. p-Cymene was the second 
predominant component (5.0-8.8%) 
in the EsO of all the four cultivars 
collected in the year 2020, while 
the cultivars ‘Lunata’ and ‘Krymski 
smaragd’ gathered in 2019 contained 
much less (1.7% and 0.5%, respec-
tively). Another major component 
of EsO from the cultivars collected 
in 2020 was γ-Terpinene and ranged 
from 5.0% to 6.6%. The cultivars 
‘Lunata’ (2019) and ‘Krymski sma-
ragd’ (2019) accumulated only 1.6% 
and 0.9% of γ-terpinene, respective-
ly. Therefore, firstly, we can suppose 
to a certain extent that the chemi-
cal composition of EsO of S. mon-
tana depends on the microclimatic 
peculiarities of the year of growth. 
However, this assumption needs 
further studies, especially for the 
pharmaceutical application of EsO. 
Secondly, our samples of EsO had 
similar percentages to full flower-
ing samples from the south of France, 
which grew in the Mediterranean cli-
mate (31).

Figure 3. A heatmap of the studied S. montana 
EsO. The color black indicates that the 
compound was not detected in the sample. 
The color scale represents GC-MS relative 
abundance in%.
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S. montana subsp. montana, while thymol (51.4%) 
and carvacrol (13.1%) dominaited in the S. montana 
subsp. variegata EsO.

It is worth mentioning that the EsO of the 
studied cultivar Lunata of S. montana cultivated 
in 2017 was described in our previous paper (6). 
In the process of more detailed studies, it was re-
vealed that the dominant component was carvacrol, 
not p-thymol. Some clarifications were made re-
garding cymene isomers, i.e. p-cymene, not o-cy-
mene, was identified in the studied EsO (Lunata of 
2017). In addition, with the exception of p-thymol, 
the cultivar Lunata of 2017 was similar to 2019 in 
terms of a high abundance of carvacrol (81.8% 
and 83.70%) and a lower abundance of p-cymene 
(1.26% and 1.67%).

Carvacrol (2-methyl-5-(propan-2-yl)-benze-
nol, C10H14O), as the principal component of S. mon-
tana EsO, is an oxygenated aromatic monoterpe-
noid found in the EsO of plants from the genera 
Thymus, Origanum, Satureja, Thymbra, Monarda, 
etc. (Lamiaceae family) (1, 4, 13, 15, 21, 24, 31, 32, 
43-45). Carvacrol was regarded as the main indicator 
of the antimicrobial activity of EsO in which it domi-
nated (5, 21, 32, 45). It is widely used as a food pre-
servative and flavoring ingredient (46, 47). Recently, 
Balahbib et al. described the prominent antibacterial, 
antifungal, antiviral, antioxidant, anti-inflammato-
ry, and antitumor activities of the aromatic mono-
terpene p-cymene (1-isopropyl-4-methylbenzene) 
(48), which belongs to the major components of the 
studied S. montana EsO. The noticeable antimicro-
bial effect of p-cymene was proven by Marchese 
and co-authors (49).

It should be noted that Miladi et al. described 
the carvacrol/p-cymene/γ-terpinene chemotype 
grown in the south of France where the percent-
age of carvacrol, γ-terpinene, and p-cymene was 
53.35%, 13.54%, and 13.03%, respectively, in GC-
MS analysis (31). The Italian researchers Ebani et 
al. (39) revealed by GC-MS that carvacrol (60.0%) 
followed by thymol (9.5%) were the most prevalent 
compounds in S. montana EsO. Other Italian re-
searchers (40) demonstrated that carvacrol (63.16%) 
and p-cymene (9.82%) were the major compounds 
in S. montana EsO from Verona region. However, 
recently it was found that the predominant com-
pounds of EsO from S. montana harvested in Serbia 
were p-cymene (19.24%), linalool (11.91%), gera-
nyl acetate (12.64%), and geraniol (10.15%) (41). 
Aćimović et al. (42) revealed by GC-MS using 
both GC-FID and GC-MS that EsO of two Serbian 
S. montana subspecies differed significantly in the 
EsO compositions. Thus, carvacrol (35.7%) and 
p-cymene (32.3%) were the main compounds of 

Figure 4. Structures of the main components of EsO  
of the different cultivars of S. montana.
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Our studies revealed that among the investigat-
ed cultivars only ‘N697-1’ (S6) contained carvacrol 
methyl ether at a substantial level (11.7%). This cul-
tivar also had the highest caryophyllene abundance 
among the tested samples. Ibraliu et al. (24) found 
that carvacrol methyl ether was identified in small 
amounts (0.07-0.2%) in the EsO of S. montana col-
lected in Albania. A more significant level of car-
vacrol methyl ether (4.6%) was detected by GC-MS 
in the EsO of S. montana collected on the Croatian 
Brač island, but still much lower than in our culti-
var ‘N697-1’ (21).

It should be mentioned that cultivar ‘N697-1’ 
(S6) also contained the highest limonene abundance 
among the studied cultivars (1.7%) and did not con-
tain eucalyptol. Miladi et al. reported that limonene 
was found in small amounts (0.73%) in the EsO of 
S. montana collected in the south of France (31).

Summing up, our results are partly in line with 
the data reported by many researchers regarding the 
chemical composition of the EsO of S. montana sub-
species and cultivars.

Generally, EsO containing many aromatic com-
pounds are a promising source of antimicrobial med-
icines (1, 16, 20, 21, 32, 50-54). The synergistic 
effects of many components of natural EsO were 
reported by many researchers, especially in the con-
text of their antibacterial and antioxidant properties 
(51, 53, 55, 56). Therefore, the analyzed EsO of the 
studied S. montana cultivars could be a promising 
active pharmaceutical ingredient of antimicrobial 
medicinal products.

CONCLUSIONS

The composition of EsO obtained from four 
new S. montana cultivars of Ukrainian origin was 
analyzed using GC-MS. It was found that carva-
crol was the principal component of the EsO of 
all the cultivars and ranged from 58.3% to 87.0%. 
Therefore, we concluded that the new cultivars 
from the south of Ukraine represent the carvacrol 
chemotype of S. montana. All of the studied EsO 
conform to the requirements of ISO 79284:1991 re-
garding the chemical composition of the S. montana 
EsO. It was found that the chemical composition 
of EsO from ‘Krymski smaragd’ and ‘Lunata’ cul-
tivars differed depending on the harvesting year. 
A significant inter-year variability for the abun-
dance of carvacrol, γ-terpinene, and p-cymene was 
revealed for the EsO of these two cultivars. The 
obtained data can help discover the potential for 
future selective breeding of the studied four cul-
tivars as well as pharmacological testing with the 

purpose of further application in the pharmaceuti-
cal development of various dosage forms. Future 
studies could be directed at in-depth investiga-
tions of different groups of bioactive phytochemi-
cals of the tested cultivars as well as their thera-
peutic potential.

Funding Information

Nataliia Hudz is thankful to the Vysegrad Fund 
(Poland, 2020, grant 51910427) for funding the stud-
ies related to herbal preparations.

Publishing this paper was financed by the 
Polish Agency for Academic Exchange, agreement 
No. BPI/UE/2022/5-00.

Conflicts of Interest

The authors declare no conflicts of interest.

REFERENCES

1. Shanaida M., Hudz N., Korzeniowska K., 
Wieczorek P.: Int. J. Green Pharm. 12, 200 
(2018).

2. Vînătoru C., Barcanu E., Agapie O., et al.: 
Bulletin of University of Agricultural Sciences 
and Veterinary Medicine Cluj-Napoca 
Horticulture 77, 151 (2020).

3. The Plant List, http://www.theplantlist.org/
tpl1.1/search?q=satureja (2023).

4. Maccelli A., Vitanza L., Imbriano A., et al.: 
Pharmaceutics 12, 20 pages (2019).

5. Tepe B., Cilkiz M.: Pharm. Biol. 54, 375 (2016).
6. Hudz N., Makowicz E., Shanaida M., et al.: 

Molecules 25, 4763 (2020).
7. Caprioli G., Lupidi G., Maggi F.: Nat. Prod. Res. 

33, 3143 (2019).
8. Dodos T., Jankovic S., Marin P.D., Rajcevic N.: 

Plants (Basel) 10, 14 pages (2021).
9. ISO 7928-1:1991. Savory — Specification 

— Part 1: Winter savory (Satureja montana 
Linnaeus). https://www.iso.org/standard/14896.
html (2023).

10. Elshafie H., Camele I.: BioMed Res. Int. 2017, 
14 pages (2017).

11. Rezende D., Oliveira C.D., Batista L.R., et al.: 
Lett. App.l Microbiol. 74, 741 (2022).

12. Espinosa S., Bec N., Larroque C., et al.: 
Molecules 26, 45 (2020).

13. Dunkic V., Kremer D., Dragojevic Muller I., et 
al.: Chem. Biodivers. 9, 2825 (2012).

14. Konakchiev A., Tsankova E.: J. Essent. Oil Res. 
14, 120 (2002).



GC-MS evaluation of the essential oils… 601

15. Navarro-Rocha J., Andres M.F., Díaz C., et al.: 
Ind. Crops Prod. 145. 111958 (2019).

16. Chouhan S., Sharma K., Guleria S.: Medicines 
4, 58 (2017).

17. Korinek M., Handoussa H., Olha M., et al.: Free 
Radic. Biol. Med. 165, 38 (2021).

18. Pokajewicz K., Bialon M., Svydenko L., et al.: 
Molecules 26, 5681 (2021).

19. Pokajewicz K., Bialon M., Svydenko L, et al.: 
Molecules 27, 2152 (2022).

20. Vitanza L., Maccelli A., Marazzato M., et al.: 
Microb. Pathog. 126, 323 (2019).

21. Skočibušić M., Nada B.: J. Essent. Oil Res. 41, 
622 (2008).

22. Ebadollahi A., Jalali Sendi J., Ziaee M., 
Krutmuang P.: Int. J. Environ. Res. Public 
Health 18, 16 pages (2021).

23. Hajdari A., Mustafa B., Kaçiku A., et al.: Rec. 
Nat. Prod. 10, 750 (2016).

24. Ibraliu A., Mi X., Elezi F.: J. Med. Plant Res. 5, 
2978 (2011).

25. Chizzola R.: Acta Hortic. 598, 143 (2003).
26. Damjanović Vratnica B., Perovic A., Sukovic 

D., Perovic S.: Arch. Biol. Sci. 63, 4 (2011).
27. Grosso C., Figueiredo A., Burillo J., et al.: J. Sep. 

Sci. 32, 328 (2009).
28. Bellard C., Jeschke J., Leroy B., Mace G.: Ecol. 

Evol. 8, 5688 (2017).
29. Chen S.L., Yu H, Luo H.M, et al.: Chin. Med. 

11, 37 (2016).
30. Pant P., Pandey S., Dall’Acqua S.: Chem. 

Biodivers. 18, e2100345 (2021).
31. Miladi H., Slama R., Mili D., et al.: J. Chem. 

2013, 9 pages (2013).
32. Serrano C., Matos O., Teixeira B., et al.: J. Sci. 

Food Agric. 91, 1554 (2011).
33. Dubel N., Grytsyk L., Kovaleva A., et al.: 

ScienceRise Pharm. Sci. 3, 34 (2022).
34. Mykhailenko O., Kovalyov V., Goryacha O., et 

al.: Phytochemistry 162, 56 (2019).
35. https://superagronom.com/articles/324-posuhi-

zlivi-vitri-pogodni-pidsumki-2019. 2019 
[updated 2023].

36. https://superagronom.com/blog/782-pogodni-
umovi-2020-opadi-temperatura-gruntu-
temperatura- povitrya. 2020 [updated 2023].

37. NIST Chemistry WebBook (NIST Standard 
Reference Database Number 69)\https://
webbook.nist.gov/chemistry/ (2022).

38. Babushok V., Linstrom P., Zenkevich I.: J. Phys. 
Chem. 40, 043101 (2011).

39. Ebani V., Pieracci Y., Cagnoli G., et al.: Vet. Sci. 
10, 30 (2023).

40. Proto M.R., Biondi E., Baldo D., et al.: 
Microorganisms 10, 19 pages 2022

41. Gladikostic N., Ikonic B., Teslic N., et al.: Plants 
(Basel) 12, 745 (2023).

42. Acimovic M., Šovljanski O., Pezo L., et al.: 
Antibiotics 11, 1235 (2022).

43. Talebi E., Nemati Z., M.K., Golkari H.: Sci. Int. 
6, 39 (2017).

44. Lee J.-H., Kim Y.G., Lee J.: J. Appl. Microbiol. 
123, 1420 (2017).

45. Maquera Huacho P.M., Rodriguez Herrero E., 
Verspecht T., et al.: Biofouling 35, 561 (2019).

46. Shanaida M., Hudz N., Białoń M., et al.: Saudi 
J. Biol.Sci. 28, 6145 (2021).

47. Suntres Z.E., Coccimiglio J., Alipour M.: Crit. 
Rev. Food Sci. Nutr. 55, 304 (2015).

48. Balahbib A., El Omari N., Hachlafi N.E., et al.: 
Food Chem. Toxicol. 153, 112259 (2021).

49. Marchese A., Arciola C., Barbieri R., et al.: 
Materials 10, 947 (2017).

50. Mirjana S., Nada B.: J. Essent. Oil Res. 16, 387 
(2004).

51. Sharifi-Rad M., Varoni E.M., Iriti M., et al.: 
Phytother. Res. 32, 1675 (2018).

52. Hassanein H., Said-Al Ahl H., Mm A.: Int. J. 
Pharm. Pharm. Sci. 6, 578 (2014).

53. Aziz Z.A.A., Ahmad A., Setapar S.H.M., et al.: 
Curr. Drug Metab. 19, 1100 (2018).

54. Rinaldi F., Maurizi L., Conte A.L., et al.: 
Pharmaceutics 13, 134 (2021).

55. Bag A., Chattopadhyay R.R.: PLoS One 10, 
e0131321 (2015).

56. Huang X., Lao Y., Pan Y., et al.: Molecules 26, 
307 (2021).

© 2023 by Polish Pharmaceutical Society. This is an open-access article under the CC BY NC license  
(https://creativecommons.org/licenses/by-nc/4.0/).

View publication stats

https://www.researchgate.net/publication/374615466

