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Abstract: The article reviews the chemical and active compounds of the lyophilized essential oil of Thymus vulgaris L. and its preservation 

qualities. Thymus vulgaris is a medicinal plant belonging to the Lamiaceae family, with a long history of use for its therapeutic properties. 

The essential oil of T. vulgaris has been widely studied for its antimicrobial, antioxidant, and anti-inflammatory activities. The amounts and 

types of chemical compounds can vary depending on the genetic differences or environmental conditions of the plant materials. The primary 

components of the essential oil responsible for most of its biological effects include thymol, carvacrol, and p-cymene. The essential oil of T. 

vulgaris has been reported to exhibit a wide range of pharmacological activities, including antimicrobial, antioxidant, anti-inflammatory, 

antifungal, and antiviral activities. In recent years, there has been increasing interest in the use of T. vulgaris essential oil as a natural 

preservative in food products. 
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I. Introduction 
A. Background information on Thymus vulgaris L. and its essential 

oil 

The genus Thymus belongs to the family Lamiaceae, subfamily 

Nepetoideae, tribe Mentheae, subtribe Menthinae. [1] Thymus 

vulgaris L. is a medicinal plant that has been used for centuries for 

its therapeutic properties. It is a perennial herb that belongs to the 

Lamiaceae family and is native to Europe and North Africa. 

Notwithstanding, the primary habitat of this genus is found around 

the Mediterranean Sea. Given their sun-worshipping tendencies, 

Thymus plants thrive in climates with moderate to warm 

temperatures, well-drained to dry soils typically found on rocks, 

stones, or sand, and in sun-drenched areas. [2] 

Thyme's potent preservation qualities made it a preferred choice 

among Egyptians for embalming. Dioscorides' writings from the 

first century AD indicate that thyme was primarily used as a 

medicinal herb. Thyme was considered an antidote in ancient Rome 

and was consumed before or during meals to protect against 

poisons. Its renown led to it becoming one of the plants favored by 

emperors. In 1340, during the Black Death, thyme was utilized as 

the main ingredient in medical concoctions and ointments applied 

directly to blistered skin. [3,4] 

The taxonomic classification of plants belonging to the Thymus 

genus is complicated due to the high level of variability in their 

morphological, micromorphological, and chemical characteristics. 

This variability is caused by environmental factors and genetic 

differences resulting from hybridization, which lead to variable 

chromosome numbers and expressed gynodioecy, a sexual 

polymorphism where natural populations contain both female and 

hermaphrodite plants. These factors make taxonomic studies in this 

genus particularly challenging, particularly for certain taxonomic 

groups. [5-7] 

The essential oil derived from the leaves of T. vulgaris has been 

widely studied for its antimicrobial, antioxidant, and anti-

inflammatory activities. [8] The study led by O Borugă et al has 

presented the most thorough examination of Thymus vulgaris 

chemotypes, recognizing at least 20 distinct types based on their 

essential oil makeup. Furthermore, this research was the first to 

analyze and characterize the enantiomeric distributions of T. 

vulgaris monoterpenoids. [9] 

The amount and types of these chemical compounds can vary 

depending on the genetic differences or environmental conditions of 

the plant materials, which may differ based on their geographical 

location. [10] The primary components of the essential oil, which 

are responsible for most of its biological effects, include thymol, 

carvacrol, and p-cymene. [11] 

In general, chemotypes that contain phenolic compounds such as 

thymol and carvacrol have a lower proportion of their dominant 

monoterpene compared to nonphenolic chemotypes like geraniol, 

alpha-terpineol, and linalool. This is because phenolic chemotypes 

have high levels of precursors like gamma-terpinene and 

paracymene in their oil. The essential oil of the nonphenolic 

thuyanol chemotype is characterized by four distinct monoterpenes, 

which together make up a smaller proportion of the oil than the 

dominant monoterpene in the other nonphenolic chemotypes. [5]. 

Numerous studies have been conducted to explore the chemical 

makeup and biological activities of Thymus vulgaris essential oil. 

As stipulated in European Pharmacopoeia 10.0 (Ph. Eur. 10.0), the 

minimum essential oil content in T. vulgaris is 1.2%, with a 

minimum of 40% thymol and carvacrol. [12] 

The essential oil of T. vulgaris has been reported to exhibit a wide 

range of pharmacological activities, including antimicrobial, 

antioxidant, anti-inflammatory, antifungal, and antiviral activities. 

These activities have been attributed to the presence of various 

bioactive compounds, such as thymol, carvacrol, and p-cymene, 

which have demonstrated significant in vitro and in vivo 

effects. [11, 13, 14] In addition, thyme essential oil has been shown 

to significantly decrease levels of triglycerides, total cholesterol, 

and glucose. [15] 

In recent years, there has been increasing interest in the use of T. 

vulgaris essential oil as a natural preservative in food products. The 

essential oil has been reported to exhibit excellent antimicrobial 

activity against a wide range of foodborne pathogens, including 

bacteria, fungi, and viruses. This has led to its use as a natural 

alternative to synthetic preservatives in the food industry. Further 

research needs to be conducted to find economically and 

environmentally more feasible options that can fulfill the 

requirements of consumers regarding composition, taste, and odor. 

[16] 

Overall, T. vulgaris essential oil is a promising natural product with 

a wide range of pharmacological and biological activities. Its use as 

a natural preservative in food products offers a safe and effective 

alternative to synthetic preservatives, and its potential applications 

in the food industry are vast. 

B. Importance of preserving the quality of the lyophiliyed essential 

oil of Thymus vulgaris L. 

Lyophilization, also known as freeze-drying, is a non-convective 

drying technique that is relatively new among artificial drying 

methods. It uses low temperatures and shorter processing times. 

[17] The process of lyophilization entails drying the sample by first 

freezing the water within it and then removing it by sublimation 

under vacuum conditions. Sublimation is the key principle in this 

process, in which water goes directly from a solid state (ice) to a 

gaseous state without passing through the liquid state. The 

lyophilization process comprises three main stages: freezing to 

transform most of the water into ice; primary drying to sublime the 

ice; and secondary drying to separate any remaining unfrozen water 

through desorption. Annealing is an optional step in lyophilization 

that may occasionally be used to crystallize the formulation 

component. [18] The process is performed at low temperatures and 

pressures, making it ideal for preserving compounds that are 

sensitive to heat or unstable in aqueous solutions over extended 

periods. This technique is particularly effective for preserving 

compounds that remain stable in their dry form. What sets 

lyophilization apart from other dehydration methods is that it 

eliminates the presence of liquid water and maintains low 
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temperatures, which significantly reduces degradation and 

microbiological reactions. As a result, the final product is of 

exceptional quality. [19] 

Although lyophilization offers numerous benefits, it has 

consistently been regarded as a costly process. The expense 

associated with lyophilization, however, can differ based on various 

factors such as the type of raw material utilized, packaging options, 

capacity of the plant, length of the cycle, and so on. Recently, 

lyophilization has been widely adopted as a method for preserving 

various herbs and spices due to its numerous advantages. As 

reported by Thamkaew et al., lyophilization is effective in 

maintaining the essential oil content of many types of herbs and 

spices better than other drying and preservation techniques. 

Nevertheless, the impact of freeze-drying on the active compounds 

of plants is not entirely consistent, and the findings in the literature 

are sometimes contradictory. [20] 

According to a study conducted by Antal et al., the yield of isolated 

essential oil from freeze-dried lemon balm leaves is significantly 

influenced by chamber pressure and freezing temperature, to a 

considerable extent. The results demonstrated that the use of high-

pressure freeze-drying (250-300 Pa for 14 hours) resulted in a 

higher concentration of essential oil (0.252 v/w%) compared to the 

low-pressure method (50-80 Pa for 12 hours), which produced an 

essential oil content of 0.191 v/w%. This difference can be 

attributed to the fact that the volatile compounds in lemon balm are 

primarily located in peltate glandular trichomes on the leaf surface, 

and low pressure in the freeze dryer chamber can negatively affect 

these glandular hairs, leading to a substantial loss of essential oils. 

[21]  

Based on numerous studies, lyophilization has been found to be 

more effective in preserving the major volatile compounds 

compared to other drying methods. In the case of Thymus vulgaris 

L., lyophilization was able to maintain the total volatile compounds 

quite well. The changes observed in the thyme constituents isolated 

through simultaneous distillation-extraction (SDE) were similar to 

those seen in sage, although some variations were noted. For 

instance, the content of β-caryophyllene in the freeze-dried herb 

increased by 37%. [22] The outcomes for freeze-dried thyme were 

consistent, showing an increase in the primary volatile compounds 

β-caryophyllene and thymol. The concentrations of these 

compounds were 282 and 6907 mg/kg, respectively, which were 

higher compared to the fresh plant materials (β-caryophyllene at 

213 mg/kg and thymol at 6465 mg/kg). Furthermore, it was 

observed that the concentration of thymol, which is abundant in the 

foliage of Thymus vulgaris L., was higher in lyophilized samples 

compared to those dried through convective methods. [23] The 

reported thymol content of freeze-dried thyme leaves was found to 

be higher than that of oven-dried and shade-dried leaves. [24] 

According to existing literature, lyophilization seems to be a 

promising method for preserving the volatile profile of plants. 

Nevertheless, its efficiency can be affected by factors such as the 

type of plant, the location of volatile accumulation, and the nature 

of the volatile compounds present. Moreover, the technical 

parameters of lyophilization play a critical role in determining the 

quality of the final product. However, there is currently insufficient 

information available regarding the adverse effects of lyophilization 

on volatile compounds in herbs and spices, which limits our 

understanding of the contradictory effects of lyophilization on the 

essential oils of these plants. [25] 

C. Brief overview of the chemical and active compounds found in 

the essential oil 

The research conducted by Grigore et al discovered that out of the 

15 components analyzed, which comprised 99.91% of the detected 

compounds, p-cymene (8.41%), γ-terpinene (30.90%), and thymol 

(47.59%) were the primary constituents. This finding supports the 

classification of the essential oil as belonging to the thymol 

chemotype, which is consistent with previous reports. [26] The 

analysis of the essential oil revealed that other elements were 

present in a combined amount of less than 13.01%. Notably, the 

chemical composition of the essential oil differed significantly from 

previous reports for the same type of thyme grown in Morocco and 

Spain. [27,28] Previous research conducted in Poland, Iran, Spain, 

and Italy have identified p-cymene, γ-terpinene, and thymol as 

major components in the essential oil of T. vulgaris. [10,11,29,30] 

The disparities in these cases are largely due to the distinct 

chemotypes present. 

 

II. Chemical composition of the essential oil 
The primary constituents of essential oils are typically responsible 

for determining their biological properties. These constituents can 

be broadly categorized into two distinct groups based on their 

biosynthetic origin. [31,32] The primary components of thyme oil 

are terpenes and terpenoids, while the secondary components 

include aromatic and aliphatic compounds. A total of 30 

constituents were identified in thyme oil, with thymol (39.44%), P-

cymene (23.6%), γ-terpinene (12.51%), ledol (2.24%), and 

Aromadenrrene (2.12%) being the main components, comprising 

79.91% of the oil. These findings are consistent with those 

previously reported by Omidbeygi et al. (16-17), who stated that 

thymol is the major component of thyme essential oil. [33,34]  

Our concurrence with the findings of Viuda-Martos et al lies in the 

determination of thymol as the predominant compound 

(representing 48.64% of the sample), and P-cymene as the 

secondary compound (comprising 22.94% of the sample). 

[35] There are many reports on the chemical composition of the oils 

isolated from the plants belonging to the genus thymus. The major 

constituents of thyme essential oil were thymol (45.3%), p-cymene 

(26.1%) [36], while  found that thymol (32.23%), g-terpinene 

(21.19%) and p-cymene (20.27%) were the main components in 

thyme essential oil from Egypt [37]. 

On other side the chemical composition and enantiomeric 

distribution of Thymus vulgaris essential oils were investigated by 

Satyal et al and shown in Table 1. Clearly indicating the complexity 

of the compounds that the species Thymus vulgaris L. can contain. 

[38] 

Table 1. The compositional makeup and the stereoisomeric 

distribution of enantiomers present in the essential oils derived from 

Thymus vulgaris. [38] 

 

RI Compound #1   #3   #4   #5   

% d/l % d/l % d/l % d/l     

752 3-Methyl-1-penten-3-ol tr               

783 Methyl α-methyl butyrate 0.10   0.07   tr   tr   

850 (3Z)-Hexenol             0.05   

922 Tricyclene 0.05   tr       0.09   

924 α-Thujene tr   tr 91:9 0.71 81:13 0.43 10:90 

932 α-Pinene 0.47 1:99 0.21 1:99 1.75 85:15 1.32 52:48 

947 α-Fenchene             tr   

948 Camphene 1.17 99:1 0.38 99:1 0.25 0:100 1.19 10:90 

971 Sabinene tr   0.05 98:2 2.03 78:22     

977 1-Octen-3-ol 0.43   0.42           

977 1-Octen-3-ol + β-Pinene         0.97 20:80 0.54 20:80 

983 6-Methylhept-5-en-2-one      0.05           
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983 3-Octanone         tr   tr   

988 Myrcene 0.09   0.44   4.09   1.59   

996 3-Octanol tr   0.07   tr       

1004 (3Z)-Hexenyl acetate tr               

1004 p-Mentha-1(7),8-diene             tr   

1006 α-Phellandrene          tr 55:45 0.11   

1008 δ-3-Carene             tr   

1016 α-Terpinene     tr   2.65   1.3   

1019 o-Cymene             0.06   

1024 p-Cymene  0.09   0.18   1.09   20.07   

1028 Limonene 0.05   0.39 85:!5 2.85 86:14 0.39 80:20 

1030 β-Phellandrene      tr   0.37   0.09   

1031 1,8-Cineole 0.37   0.31   0.30   0.72   

1033 m-Cymene             tr   

1034 Lavender lactone + (Z)-β-

Ocimene 

tr               

1045 (E)-β-Ocimene tr           0.05   

1057 γ-Terpinene     0.09   4.58   9.03   

1063 3-Methylbut-2-enyl butanoate tr               

1069 cis-Sabinene hydrate     0.31   30.77 97:3 0.17   

1070 cis-Linalool oxide (furanoid) 0.28               

1071 Pinol             tr   

1084 Terpinolene         0.97   0.07   

1085 trans-Linalool oxide (furanoid) 0.23           tr   

1089 p-Cymenene             tr   

1099 Linalool 76.15 1:99 7.15 97:3 7.89 3:97 5.00 1:99 

1101 trans-Sabinene hydrate     tr   4.98   tr   

1103 Hotrienol 0.07               

1104 Nonanal 0.05       tr       

1106 α-Pinene oxide     tr           

1107 1-Octen-3-yl acetate tr       tr       

1124 cis-p-Menth-2-en-1-ol         0.65       

1136 trans-Limonene oxide          tr       

1142 trans-p-Menth-2-en-1ol         0.25       

1147 Camphor 1.79 100:00 0.11 0:100 0.10 0:100 1.42 95:5 

1148 α-Cyclogeraniol      tr           

1154 β-Pinene oxide         0.05       

1162 Lavandulol tr   tr       tr   

1169 cis-Linalool oxide (pyranoid) tr               

1171 Borneol 0.40 100:00 1.00 100:00 0.28 100:00 1.5 71:29 

1174 trans-Linalool oxide (pyranoid)  tr               

1178 p-Mentha-1,8-dien-4-ol          tr       

1180 Terpinen-4-ol 0.06   0.17 70:30 9.5 30:70 1.25 40:60 

1184 (3Z)-Hexenyl butanoate tr               

1186 p-Cymen-8-ol             tr   

1194 α-Terpineol 0.11 65:35 0.09 65:35 2.69 91:9 0.16 60:40 

1196 cis-Piperitol         0.14       

1197 cis-Dihydrocarvone tr   tr       tr   

1205 β-Cyclogeraniol     tr           

1206 Decanal tr               

1208 trans-Piperitol         0.16       

1217 7-Ethylidenebicyclo[3.3.0]octan-

3-one 

        0.90       

1220 6,7-Epoxyneral     tr           

1223 Nerol tr   0.97           

1223 7-Methylenebicyclo[3.3.1]nonan-

3-ol 

        6.07       

1225 Citronellol tr   0.35           

1228 Thymol methyl ether             0.19   

1230 6,7-Epoxygeranial     tr           

1234 4-t-Amylcyclohexanone  0.08               

1237 Neral tr   0.61   tr       

1237 Carvacrol methyl ether             0.32   

1243 Carvone     tr       0.09   

1249 Linalyl acetate 14.26 1:99     3.4 0:100     

1249 Geraniol     59.75   0.24   0.05   

1266 Geranial tr   1.25   tr   tr   

1271 (2E)-Decenal tr               
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1279 Isothymol             0.07   

1282 Lavandulyl acetate tr               

1284 Bornyl acetate 0.21   0.14   0.07       

1284 neo-iso-3-Thujanol acetate              tr   

1288 Thymol     0.42   tr   47.06   

1296 Carvacrol 0.05           3.24   

1296 Geranyl formate     0.09           

1331 2,3-Epoxygeraniol     0.06           

1341 cis-p-Menthadienyl acetate     0.19   4.75       

1344 Citronellyl acetate         0.28       

1346 α-Terpinyl acetate         0.05       

1348 Citronellyl acetate     0.07           

1349 Eugenol             0.08   

1357 Neryl acetate tr   0.18   tr       

1372 trans-p-Menthadienyl acetate         0.05       

1375 α-Copaene              tr   

1377 Geranyl acetate 0.06   16.72   0.48       

1383 α-Bourbonene  0.20   tr   0.09       

1388 β-Elemene tr               

1403 Isocaryophyllene tr   tr           

1419 β-Caryophyllene 2.27   3.67   2.03   1.79   

1429 β-Copaene tr               

1429 cis-Carvyl propanoate         0.30       

1434 7-Methyl-3-methylene-7-octen-1-

yl propanoate  

        tr       

1437 Aromadendrene             tr   

1454 α-Humulene 0.06   0.12   0.06   0.05   

1468 Geranyl propanoate tr   1.26           

1473 trans-Cadina-1(6),4-diene              0.06   

1480 Germacrene D 0.26   0.05   0.58       

1489 Viridiflorene             tr   

1494 Bicyclogermacrene     tr   0.09       

1497 α-Muurolene             tr   

1506 Geranyl isobutyrate     0.15           

1506 β-Bisabolene             tr   

1511 δ-Amorphene              0.07   

1516 δ-Cadinene  tr           0.16   

1531 trans-Cadina-1,4-diene             tr   

1547 Elemol      0.96           

1554 Geranyl butanoate 0.05   0.74           

1575 Germacrene-d-4-ol  0.10       tr       

1575 Spathulenol     tr           

1581 Caryophyllene oxide 0.41   0.50   0.10   0.13   

1595 Geranyl isovalerate     0.06           

1631 10-epi-γ-Eudesmol      tr           

1654 α-Eudesmol     0.17           

 

III. Antimicrobial and antifungal activity of the 

essential oil 
Several in vitro studies have explored the antimicrobial and 

antifungal properties of Thymus vulgaris essential oil. These 

investigations generally entail assessing the essential oil's 

effectiveness against various microorganisms in carefully controlled 

laboratory settings. [39-41]  

According to the research conducted by Sokovic et al, the data 

demonstrated significant inhibitory effects of Thymus vulgaris oil 

against several oral pathogens, such as S pyogenes, S mutans, C 

albicans, A actinomycetemcomitans, and P gingivalis. These effects 

were assessed using both agar disk diffusion and broth 

microdilution methodologies. [39] In a study conducted by Nikolic 

et al, it was found that thymol was the major constituent of the 

essential oil obtained from three different Thymus species, namely 

T. algeriensis, T. vulgaris, and T. serpyllum. The antimicrobial 

activity of the essential oil was tested, and the results indicated that 

these three Thymus plant species could be utilized in the field of 

minor wound healing and oral cavity disorders, as well as serving as 

an antibacterial agent for oral hygiene purposes. [42]  

Investigations conducted in a clinical setting with regards to 

Thymus vulgaris essential oil are often focused on its potential 

therapeutic benefits, particularly its antimicrobial and antifungal 

properties. Prior literature has highlighted the existence of in vitro 

and preclinical evidence supporting these advantages. Nevertheless, 

it is crucial to acknowledge that the availability and quality of 

clinical evidence in this particular field may be limited.  

The antimicrobial properties of Thymus vulgaris essential oil can be 

primarily attributed to its bioactive constituents, particularly thymol 

and carvacrol, which are the primary contributors. These 

compounds' efficacy stems from their ability to disrupt the 

organization and operation of microbial cells. The mechanism of 

action is based on the fact that thymol and carvacrol are lipophilic 

(fat-soluble) compounds that have an affinity for lipid-rich 

structures, such as microbial cell membranes. They can disrupt the 

integrity of the cell membrane, leading to the leakage of cellular 

contents, which in turn disrupts the normal functioning of the 

microorganism and ultimately results in cell death. [40] The 

essential oil derived from Thymus vulgaris possesses not only its 

own antimicrobial properties but also exhibits synergistic effects 

when combined with other antimicrobial agents, leading to 

heightened antimicrobial activity and a diminished likelihood of 

microbial resistance. [43]  
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The antifungal properties of Thymus vulgaris essential oil, which 

are similar to its antimicrobial activity, are primarily attributed to 

specific bioactive compounds found in the oil, particularly thymol 

and carvacrol. These two compounds can interact with and disrupt 

the structure of fungal cell membranes, penetrating the lipid bilayer 

of the cell membrane and leading to changes in permeability, which 

ultimately result in cell death. Additionally, thymol and carvacrol 

have been reported to inhibit the activity of various fungal enzymes 

that play essential roles in fungal metabolism, which can disrupt the 

normal functioning of the fungus [44]. 

 

IV. Preservation of the quality of the finished product 
The process of lyophilization is a precise method of dehydration 

that aims to preserve the volatile compounds found in essential oils, 

such as thymol and carvacrol, which are responsible for the 

antimicrobial and antifungal properties of Thymus vulgaris essential 

oil. The goal of lyophilization is to preserve these bioactive 

compounds in their original form, thereby ensuring their efficacy. 

Preserving the aroma and flavor of essential oils is a significant 

challenge in processing, and lyophilization has proven to be a 

beneficial solution in this regard. This technique minimizes 

exposure to high temperatures, which can degrade the sensory 

qualities of essential oils, thus helping to maintain their aroma and 

flavor. A study conducted by Sárosi et al found that lyophilized 

spices were the most preferred by consumers based on their 

organoleptic properties, even though significant essential oil loss 

can occur during the freeze-drying process. [45] 

The process of lyophilization effectively removes water content 

from essential oils, thereby reducing the risk of degradation through 

oxidation and hydrolysis. By diminishing the water activity, 

lyophilized Thymus vulgaris essential oil may exhibit an extended 

shelf life in comparison to non-lyophilized versions. Lyophilization 

not only enhances the stability of essential oils but also diminishes 

their susceptibility to degradation during storage. This attribute is 

particularly valuable in applications where a stable and long-lasting 

product is of utmost importance [46]. 

 

V. Conclusion 
A. Summary of findings 

The article discusses the chemical and active compounds of the 

lyophilized essential oil of Thymus vulgaris L., with a focus on its 

preservation qualities. The therapeutic properties of the plant have 

been recognized for centuries, and it has been used for various 

medical purposes. The study by Borugă et al presents the most 

comprehensive examination of Thymus vulgaris chemotypes based 

on their essential oil composition. The primary components 

responsible for the essential oil's biological effects are thymol, 

carvacrol, and p-cymene [9]. The essential oil has been reported to 

exhibit various pharmacological activities, including antimicrobial, 

antioxidant, anti-inflammatory, antifungal, and antiviral activities. 

Recent interest has been in using the essential oil as a natural 

preservative in food products, as it exhibits excellent antimicrobial 

activity against various foodborne pathogens. Further research is 

needed to find economically and environmentally feasible options 

that can fulfill consumer requirements regarding composition, taste, 

and odor. 

 

B. Future directions for research 

Recent progress in the field of essential oils has shed new light on 

the properties and applications of Thymus vulgaris L. essential oil. 

Current research is exploring advanced extraction methods, such as 

supercritical fluid extraction and microwave-assisted extraction, to 

enhance the yield and preserve the bioactive compounds of Thymus 

vulgaris L. essential oil. Furthermore, there is a growing interest in 

investigating the potential synergistic effects between Thymus 

vulgaris L. essential oil and other natural preservatives, with the 

goal of creating sustainable and eco-friendly alternatives in various 

industries. Future research may focus on further examining these 

synergistic effects and assessing the versatility of Thymus vulgaris 

L. essential oil in new product formulations. 
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