
Influence of distillation time on the content and composition of essential 
oil isolated from wild thyme (Thymus serpyllum L.)

ANETA WESOŁOWSKA1*, DOROTA JADCZAK2, MONIKA GRZESZCZUK3

1Department of Organic Chemistry
West Pomeranian University of Technology
Aleja Piastów 42
71-065 Szczecin, Poland

2Laboratory of Vegetable Crops
West Pomeranian University of Technology
Papieża Pawła VI 1, 
71-459 Szczecin, Poland

3Laboratory of Storage and Processing
West Pomeranian University of Technology
Słowackiego 17
71-434 Szczecin, Poland

*corresponding author e-mail: anetaw@zut.edu.pl

S u m m a r y

The influence of the time of distillation on the content and composition of essential 
oil isolated from wild thyme (Thymus serpyllum L.) by hydrodistillation was investigated. 
The GC-MS data showed that the essential oil was rich in carvacrol (30.90–46.16%) and 
its biogenetic precursors γ-terpinene (5.72–9.09%) and p-cymene (4.51–13.46%). Other 
constituents identified in significant amounts were β-caryophyllene, carvacrol methyl 
ether and (-)-β-bisabolene. On the basis of the obtained data it was proved that time of 
distillation had no effect on essential oil content. Moreover, there was no significant 
effect of the distillation time on the content of essential oil constituents found in the 
experiment.
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INTRODUCTION

Thymus serpyllum (wild thyme, mother-of-thyme), a small perennial shrub, is the 
dominant Thymus species in Northern and Central Europe. The plant has been 
cultivated for centuries, due to its importance in pharmacology and decorative 
horticulture [1]. Nowadays, the flowering aerial parts of wild thyme are used me-
dicinally. Serpylli herba is well known for its antiseptic, carminative, expectorant, 
diuretic and spasmolytic properties. The shrub is a proven remedy for ailments of 
the respiratory, digestive and genito-urinary systems [2-5]. An aromatic tea made 
of the leaves is good against nervous disorders and excellent against cramps [6].

Wild thyme is also a source of essential oil, which possesses antibacterial, an-
tifungal, antimicrobial, antispasmodic and insecticidal activities [7-11]. The oil 
from the leaves and flowering tops are used in the manufacturing of toothpastes, 
mouthwashes, gargles and other toilet preparations [12]. 

The herb contains 0.1–0.6% of essential oil consisting of highly variable amounts 
of phenols (thymol and carvacrol), alcohols and monoterpene hydrocarbons [13-
14]. The EP standard to the oil content is not less than 3 ml/kg (~0.3%) [15]. 

Essential oil content and quality depend on many factors. Therefore, the choose 
of a suitable extraction method is very important. Distillation, widely used for es-
sential oil separation, may affect the composition of the oil by isomerization, 
saponification or polymerization of more labile constituents. The oil composition 
may also vary as a function of the length of the time of distillation.

The aim of this study was to evaluate the effect of three different hydrodistil-
lation times (2, 3 and 4 h) on the composition of essential oil isolated from wild 
thyme (Thymus serpyllum L.), cultivated in North-Western Poland in 2010–2011. 

MATERIAL AND METHODS

Plant

The plants (Thymus serpyllum L.) were grown in experimental plots of area of 
1.44 m2, in four replications at the Horticultural Experimental Station, Dołuje near 
Szczecin. The seedlings obtained from older plants after rooting in horticultural 
substrate were planted into open field in the second half of May in 2009 and 
2010, at a row spacing of 20×20 cm. For laboratory analyses a herb from two-
year old plants was collected at the beginning of flowering period (harvest dates: 
14 July 2010 and 13 July 2011). The field was prepared according to agrotech-
nique proper for thyme cultivation. Mineral fertilization was quantified accord-
ing to results of chemical analysis of the soil samples and supplemented to the 
recommended for thyme level. In the first year of the experiment only nitrogen 
and potassium fertilization was applied,: 60 g N and 60 g K2O per 10 m2, respec-
tively, while in the second year – potassium (60 g K2O per 10 m2) and phosphorus 



42
 A. Wesołowska, D. Jadczak, M. Grzeszczuk

(60 kg P2O5 per 10 m2) fertilization. The experiment was performed on sandy clay 
soil characterized by low water-holding capacity.

Air-drying of plant material was performed in a shady and well ventilated place at a 
room temperature (drying room). Dry herb was rubbed through the sieve of mesh di-
ameter 4-5 mm, placed in paper bags and stored in a dry and cool place until analysis.

Weather conditions

Meteorological data covering January to December intervals of 2010 and 2011 
were obtained from Institute of Meteorology and Water Management (Szczecin-
Dąbie). The average values of daily temperature (0C), rainfall (mm), insolation 
(hours) are shown in table 1.

Ta b l e  1  

Meteorological data from the period of wild thyme growing in 2010-2011 (Agrometeorological 
Bulletin of the Institute of Meteorology and Water Management 1965–1995, 2010, 2011)

years month

I II III IV V VI VII VIII IX X XI XII

mean daily air temperature [°C]

2010 –5.6 –0.4 4.0 8.8 11.1 16.5 21.7 18.5 13.1 7.6 4.8 –4.6

2011 0.9 –1.0 3.8 11.6 14.2 17.8 17.6 18.0 15.1 9.8 4.3 4.4

long-term mean 
1965–1995

–0.5 –0.1 3.5 7.5 13.0 16.2 17.9 17.6 13.7 9.1 5.3 1.2

variation 2010 –5.1 –0.3 0.5 1.3 –1.9 0.3 3.8 0.9 –0.6 –1.2 –0.5 –5.8

variation 2011 9.5 –0.9 0.3 4.1 1.2 1.6 –0.3 0.4 1.4 0.7 –1.0 3.2

total rainfall [mm]

2010 35.1 22.6 42.8 26.7 74.9 21.2 62.6 172.4 54.6 32.3 109.2 61.1

2011 22.9 31.7 27.7 16.9 37.1 49.8 184.6 51.7 76.5 52.6 11.0 77.5

long-term mean 
1965–1995

38.6 25.7 34.8 37.2 49.8 59.2 60.2 53.8 45.9 37.5 45.1 44,4

variation 2010 –3.5 –3.1 8.0 –10.5 25.1 –38.0 2.4 118.6 8.7 –5.2 64.1 16.7

variation 2011 –15.7 6.0 –7.1 –20.3 –12.7 –9.4 124.4 –2.1 30.6 15.1 –34.1 33.1

insolation [h]

2010 27.6 34.5 82.1 213.9 115.5 301.0 334.7 151.5 144.7 119.9 10.0 14.5

2011 35.6 88.3 161.2 225.5 309.5 300.6 186.0 204.4 180.2 129.2 87.0 23.8

long-term mean 
1965–1995

32.0 57.0 102.0 151.0 229.0 231.0 220.0 207.0 127.0 94.0 40.0 27.0

variation 2010 –4.4 –22.5 –19.9 62.9 –113.5 70.0 114.7 –55.5 17.7 25.9 –30.0 –12.5

variation 2011 3.6 31.3 59.2 74.5 80.5 69.6 –34 –2.6 53.2 35.2 40.0 3.2
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Isolation of the essential oil

The essential oils were isolated from dry plant material by hydrodistillation 
for 2, 3 and 4 h using a Deryng-type apparatus. Each sample (10 g) was placed in 
1 liter round bottomed flask containing 500 ml of distilled water. The measure-
ments of the distillation time started after the falling of the first drop of distillate. 
The extracted essential oils were dried over anhydrous sodium sulphate, filtered, 
weighed and stored in sealed vial at 4°C until analysis. The oils were of yellow 
color and had a fresh herbal odor. 

Extractions were performed at least three times, and the mean values were 
reported. Essential oil percentage was calculated based on dried weight of plant 
material and expressed as (% w/w) in table 2.

Ta b l e  2  

Essential oil content in Thymus serpyllum L. cultivated in North-Western Poland in 2010–2011

distillation time 
essential oil content (% w/w)

2010 2011 mean

2 h 0.40 0.50 0.45

3 h 0.50 0.55 0.53

4 h 0.50 0.60 0.55

mean 0.47 0.55 0.51

LSDα=0.05 n.s. n.s. n.s.

gC-MS analysis

The qualitative GC-MS analysis of the oil was performed using an HP 6890 gas 
chromatograph coupled with HP 5973 Network Mass Selective Detector operat-
ing at 70 eV electron impact mode. Compounds were separated on 30 m long 
capillary column (HP-5MS), 0.25 mm in diameter and with 0.25 μm thick station-
ary phase film (5%-phenyl/95%-dimethylpolysiloxane).

The GC oven temperature was maintained at 40°C for 5 min, then increased 
to 230°C at 6°C/min (kept constant for 10 min), and then increased to a final 
temperature of 280°C at 30°C/min. The oven was held at this temperature for 30 
min. The flow rate of helium through the column was kept at 2.0 ml/min at 2.4 
psi. Samples of 2 μl (as solutions in dichloromethane) were injected with a split 
ratio of 5.4:1. The injector and detector temperature was 280°C, the ion source 
temperature was 230°C , the solvent delay was 4 min. The scan range of the MSD 
was set from 29 to 550 m/z.
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Compound identification

The identification of the components in the sample was based on the reten-
tion index (RI) and computer matching with the Wiley NBS75K.L and NIST/EPA/
NIH (2002 version) mass spectral libraries, as well as by comparison of their mass 
spectra with authentic compounds available in our laboratory (thymol and carva-
crol). The identity of compounds was also confirmed by retention indexes from 
literature data [16-17].

Retention indices (RI) values were measured on HP-5MS column. For RI calcula-
tion, a mixture of n-alkanes (C6-C18) was used, under the same chromatographic 
conditions as those used for the analysis of the essential oils.

The relative percentage of the oil constituents was calculated from GC peak 
areas.

Chemicals

Dichloromethane (pure p.a.) was purchased from Chempur and used after dis-
tillation. Thymol purum, ≥99.0% (GC) and carvacrol purum, ≥99.5% (GC) were pur-
chased from Fluka.

Statistical analysis

Several results of the study (tab. 2, 4) were subjected to an analysis of variance 
which was performed with AWAR software, made by Department of Applied Infor-
matics, Institute of Soil Science and Plant Cultivation, Puławy. The means of two 
years were separated by the Tukey’s test at p=0.05. The statistical analysis of the 
results given in table 4 was conducted for constituents of content greater than 1% 
of the essential oil.

RESULTS AND DISCUSSION

The percentage of essential oils isolated from wild thyme aerial parts obtained 
at different hydrodistillation times ranged from 0.45 to 0.55% (w/w) (table 2). 
There was no significant effect of distillation time on essential oil content found.

These results are in agreement with the previous results of Pióro-Jabrucka and 
Osińska who found that the essential oil content among T. serpyllum populations 
in Poland, varied in the range of 0.21–0.60% [18].

 The relative amounts of the volatile components identified in the essential oils 
are listed in table 3, in order of their elution from a HP-5MS column.



45
Influence of distillation time on the content and composition of essential oil isolated from wild thyme (Thymus serpyllum L.)

Vol. 58 No. 4 2012

Ta b l e  3  

Percentage composition of the essential oils from the dried aerial parts of wild thyme (Thymus 
serpyllum L.) in dependence of hydrodistillation

Component 
2h 3h 4h

RI 2010 2011 2010 2011 2010 2011

α-Thujene 941 1.00 0.84 1.06 0.46 0.85 0.66

α-Pinene 945 0.56 0.47 0.62 0.26 0.50 0.39

β-Pinene 969 0.23 0.22 0.25 0.16 0.22 0.23

1-Octen-3-ol 971 0.96 1.34 1.16 1.61 1.01 1.44

3-Octanone 974 0.52 0.72 0.63 0.65 0.58 0.46

β-Myrcene 976 1.01 1.36 0.95 1.04 0.89 1.24

3-Octanol 979 1.69 1.80 1.94 1.61 1.79 1.24

α-Phellandrene 983 0.32 0.31 0.29 0.24 0.28 0.30

3-Carene 986 0.17 0.16 0.14 0.15 0.18 0.17

α-Terpinene 989 1.16 1.47 1.04 1.12 1.06 1.28

p-Cymene 993 12.04 6.16 13.46 4.80 12.08 4.51

Eucalyptol 996 2.14 2.04 2.29 2.33 1.92 2.73

β-Trans-ocimene 999 0.73 0.75 0.70 0.72 0.71 0.84

β-Cis-ocimene             1004 0.89 1.88 0.81 2.04 0.94 2.64

γ-Terpinene                       1009 6.47 9.09 5.73 7.68 5.72 8.33

cis-Sabinene hydrate 1013 0.53 0.78 0.40 0.75 0.71 0.82

α-Terpinene 1021 0.14 0.16 0.11 0.19 0.19 0.22

Linalool 1026 0.67 0.76 0.76 0.81 0.74 0.72

Borneol 1177 0.17 0.25 0.20 0.23 0.17 0.22

1-Terpinen-4-ol 1186 0.53 0.50 0.52 0.51 0.47 0.46

α-Terpineol 1198 0.19 0.21 0.15 0.24 0.15 0.24

Thymol methyl ether 1229 0.25 0.24 0.26 0.17 0.23 0.14

Carvacrol methyl ether 1236 8.63 4.97 8.31 4.98 8.21 4.93

Thymol 1273 0.71 2.18 0.65 1.43 0.65 0.93

Carvacrol 1280 32.43 44.00 32.05 46.16 30.90 44.08

α-Cubebene 1307 0.84 0.47 0.78 0.87 0.93 0.51

Thymol acetate 1319 0.45 0.20 0.50 0.32 0.35 0.23

Copaene 1324 0.35 0.27 0.22 0.30 0.22 0.29

β-Bourbonene 1329 0.60 0.19 0.57 0.20 0.63 0.24

β-Caryophyllene 1398 9.68 7.68 9.56 8.18 10.75 8.68

β-Cubebene 1409 0.36 0.28 0.34 0.28 0.41 0.37

Aromadendrene 1423 0.27 0.24 0.28 0.21 0.36 0.22

α-Caryophyllene 1443 0.50 0.37 0.47 0.38 0.54 0.40

γ-Muurolene 1468 0.39 0.37 0.40 0.40 0.46 0.46
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Component 
2h 3h 4h

RI 2010 2011 2010 2011 2010 2011

Germacrene D 1477 0.46 0.68 0.40 0.77 0.45 0.88

Bicyclogermacrene 1495 0.49 0.46 0.51 0.48 0.59 0.46

(-)-β-Bisabolene 1505 4.29 3.70 4.55 4.61 5.68 4.59

γ-Cadinene 1517 0.84 0.61 0.75 0.60 0.77 0.76

δ-Cadinene 1525 0.87 0.72 0.84 0.78 0.96 0.89

Caryophyllene oxide 1600 2.94 0.67 3.09 0.81 2.80 0.67

Total identified 97.47 99.57 97.74 99.53 97.05 98.87

A total of 40 compounds representing 97.47 and 99.57% of the oil were identi-
fied after 2 h of distillation. Carvarol was the main constituent of volatile oil (32.43 
and 44.00%), followed by p-cymene (6.16 and 12.04%), β-caryophyllene (7.68 and 
9.68%) and γ-terpinene (6.47 and 9.09%). Carvacrol methyl ether (4.97 and 8.63%) 
and (-)-β-bisabolene (3.70 and 4.29%) were identified in significant amounts.

Similarly, 40 components representing 97.74 and 99.53% of the oil were identi-
fied after three hours of distillation. The major constituents of the oil were car-
vacrol (32.05 and 46.16%), p-cymene (4.80 and 13.46%), β-caryophyllene (8.18 and 
9.56%), carvacrol methyl ether (4.98 and 8.31%), γ-terpinene (5.73 and 7.68%) and 
(-)-β-bisabolene (4.55 and 4.61%). 

 Forty compounds (97.05 and 98.87% of total oil) were also identified after 4 h 
of distillation. Carvacrol was predominant component (30.90 and 44.08%). Other 
abundant constituents were p-cymene (4.51 and 12.08%), β-caryophyllene (8.68 
and 10.75%), γ-terpinene (5.72 and 8.33%), carvacrol methyl ether (4.93 and 8.21%) 
and (-)-β-bisabolene (4.59 and 5.68%).

In general, the major components identified in the oil of wild thyme obtained 
at different distillation times were similar. Although, the highest amount of car-
vacrol (32.05 and 46.16%) was noticed in the oil obtained after 3 h of distillation.

The main differences observed were the content of γ-terpinene which was great-
er in the oil obtained after 2 h of distillation (6.47 and 9.09%) than in the oil ob-
tained after 4 (5.72 and 8.33%) and 3 (5.73 and 7.68%) hours and the content of 
β-caryophyllene, which was greater in the oil obtained after 4 h of distillation (8.68 
and 10.75%) than after 2 or 3 h (7.68 and 9.68% , 8.18 and 9.56%, respectively).

The most interesting observation was that the higher carvacrol content (44.00–
46.16%) resulted from the lower content of p-cymene (4.51–6.16%) and higher 
content of γ-terpinene (7.68–9.09%). However, the higher content of p-cymene 
(12.08–13.46%) and lower content of γ-terpinene (5.72–6.47%) were noticed when 
the content of carvacrol was lower (30.90–32.43%). Differences in relative amounts 
of carvacrol, γ-terpinene and p-cymene, could be attributed to the effects of en-
vironmental conditions. Plants grown in 2011 received more solar energy than 
those grown in 2010 (tab. 1). April, May and June 2011 were warmer as compared 
to similar months in 2010. These conditions accelerate the transformation of 
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γ-terpinene and p-cymene to phenolic compounds. Our findings are in agreement 
with those of Abu-Lafi et al. [19] and Ibraliu et al. [20], who said that γ-terpinene 
and p-cymene are the biogenetic precursors of carvacrol.

On the base of statistical analysis it was proved that the essential oil constitu-
ents had differed significantly according to their content in the oil (tab. 4). The 
highest concentration was noted for carvacrol (38.27%). Its content was signifi-
cantly higher, on average by 34.75%, in comparison with other constituents be-
tween which there were not found any statistically significant differences. More-
over, there was no significant effect of the distillation time on the content of 
essential oil constituents found in the experiment. The interaction between es-
sential oil constituent and distillation time was also not significant.

Ta b l e  4   
Statistical analysis of the content of some constituents of essential oil of wild thyme (Thymus 
serpyllum L.)  according to distillation time (mean values from 2010–2011)

Essential oil 
constituent
(factor I) 

  Distillation time (factor II) 

 2 h  3 h 4 h  Mean

α-Thujene 0.92 0.76 0.76 0.81

1-Octen-3-ol 1.15 1.39 1.23 1.25

β-Myrcene 1.19 1.00 1.07 1.08

3-Octanol 1.75 1.78 1.52 1.68

α-Terpinene 1.32 1.08 1.17 1.19

p-Cymene 9.10 9.13 8.30 8.84

Eucalyptol 2.09 2.31 2.33 2.24

β-Cis-ocimene 1.39 1.43 1.79 1.53

γ-Terpinene 7.78 6.71 7.03 7.17

Carvacrol methyl ether 6.80 6.65 6.57 6.67

Thymol 1.45 1.04 0.79 1.09

Carvacrol 38.22 39.11 37.49 38.27

β-Caryophyllene 8.68 8.87 9.72 9.09

(-)-β-Bisabolene 4.00 4.58 5.14 4.57

Caryophyllene oxide 1.81 1.95 1.74 1.83

Mean 5.84 5.85 5.78 5.82

LSDα=0.05 for 
factor I

12.078

LSDα=0.05 for 
factor II

n.s.

LSDα=0.05 for 
interaction I x II

n.s.
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The chemical composition of wild thyme oil has been the subject of consider-
able studies. Usually, thymol and carvacrol, the main phenolics of Thymus, were 
found in minor amounts in T. serpyllum growing in the northern climatic zones. 
Thymol and carvacrol were not detected in the oils of wild thyme from Lithu-
ania [21], Sweden [22], Finland [23] and Central Poland [24]. In the oil from T. 
serpyllum growing in Russia, these components were present in trace amounts. 
The essential oil of wild thyme from Estonia contains thymol and carvacrol only 
in 0–4.0%, while the plants of Bellorusian origin contained 9.5% thymol and 
traces of carvacrol [25-26]. In contrast, the essential oil of T. serpyllum from In-
dia contains 60–64.9% [27], from Pakistan 42.6% [28], from Japan 35% [29], from 
Iran 18.7% [30] of thymol. The content of carvacrol is usually lower than thymol 
content [27, 30].

The content of carvacrol (30.90–46.16%) found in our oil of T. serpyllum was 
higher as compared to cited literature, while the content of thymol did not ex-
ceed 2.18%. Moreover, the highest concentration of carvacrol was noticed in the 
essential oil obtained after 3 h of distillation.

CONCLUSIONS

1. In general, 40 components were identified in the essential oil of Thymus serpyl-
lum L. cultivated in North-Western Poland in both experimental years.

2. The maximum concentration of β-caryophyllene (8.68 and 10.75%) was ob-
served in the oil obtained after 4 h of distillation, while the highest amount 
of carvacrol (32.05 and 46.16%) was noticed in the oil obtained after 3 h of 
distillation.

3. There was no significant effect of distillation time on essential oil content.
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S t r e s z c z e n i e

Zbadano wpływ czasu destylacji na zawartość i skład olejku eterycznego wyizolowane-
go z macierzanki piaskowej (Thymus serpyllum L.) na drodze hydrodestylacji. Analiza GC-
MS wykazała, że olejek eteryczny zawierał dużo karwakrolu (30,90–46,16%), γ-terpinenu 
(5,72–9,09%) i p-cymenu (4,51–13,46%). Pozostałe składniki zidentyfikowane w znacznych 
ilościach w olejku to β-kariofilen, eter metylowy karwakrolu i (-)-β-bisabolen. Na podstawie 
uzyskanych wyników wykazano, że czas destylacji nie miał wpływu na zawartość olejku 
eterycznego, co więcej nie miał też istotnego wpływu na zawartość głównych składników 
olejku.

Słowa kluczowe: macierzanka piaskowa, hydrodestylacja, olejek eteryczny, karwakrol, gC-MS


