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Abstract: The effects induced by medicinal aromatic plants in biological systems vary with the type and amount
of bioactive substances these plants contain. Whether the purified form of the main chemical components of these
plants, such as carvacrol and thymol, or plant volatile oils containing tens of bioactive compounds are more
effective remains a question of debate. This study was aimed at providing a comparative assessment of the effects
of Origanum syriacum L. (wild mountain thyme) volatile oil (OSVO) and one of its main components, carvacrol
(CRV), on the in vitro ruminal degradability of lucerne herbage and methane production during the degradation
of lucerne. For this purpose, wild thyme was harvested at the beginning of the flowering period, and the OSVO
was extracted from the plant by steam distillation. Gas production assays were performed in five groups of ruminal
fluid samples, one of which was maintained for control purposes, and the other four 40/60/80 mg/l of OSVO and
60 mg/l of CRV were added. Compared to the control group, in the samples with the added CRV and OSVO,
the amounts of in vitro total gas and methane production were observed to have been affected, but no decrease
was detected in the ruminal protozoa counts. The level of ammonia nitrogen was lowest in the groups, in which
CRV and 40 mg/l of OSVO (P < 0.01) were added. The ruminal protozoa counts were not affected by the addition
of CRV and OSVO. While the total volatile fatty acid (TVFA) and propionic acid (PA) concentrations in the in vitro
fermentation fluid of lucerne herbage were low in all the groups, butyric acid was detected at a level of 40 mg/l in the
group where CRV was added. The OSVO was ascertained to have induced dose-dependent alterations in the investigated in vitro digestion parameters. In result, CRV (60 mg/l) and OSVO (40 mg/l) were determined to have shown
a relatively positive effect on the in vitro ruminal gas production. The anti-methanogenic effect of the plant extracts
was due to the decreased digestibility of the lucerne herbage. This can have a positive impact on the environment,
but the same cannot be said for the animal nutrient use and animal performance.
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Today, global food safety is faced with multiple
challenges, including, among others, the greenhouse effect, global warming and an increasing
world population. Almost half of the global carbon dioxide (CO2) and methane (CH4) emissions
have occurred in the past 40 years (IPCC 2014).
Out of the 80 million tonnes of global annual CH4
emissions, 47% originate from agricultural land
activities and 39% originate from animal production, and these percentages are reported to increase
by almost 50% in rural areas (Gerber et al. 2013;
Jafari et al. 2019). Depending on the type, particle
size and dry matter content of the feed provided
to the animals, the amount of CH 4 produced per
head is reported to range between 60–160 kg/year
for cattle and 10–16 kg/year for sheep and goats
(Hristov et al. 2013). In ruminants, methane production is reported to cause a 2–12% loss in the
gross energy (Wanapat et al. 2015). No environmental hazard has been reported to be associated with
the use of volatile oils (VOs) as feed additives, such
that, when administered at the recommended doses,
the use of VOs in animal nutrition is considered
to be safe (Baytok et al. 2017; Onel and Aksu 2020).
VOs show an anti-methanogenic effect on the
in vitro degradation and they alter the ruminal
fluid parameters (Cobellis et al. 2016; Onel et al.
2020; Zhou et al. 2020). Carvacrol, a major active
phenolic compound found in thyme, is responsible
for the antibacterial effect of this plant. However,
only limited information is available on the dosedependent effect of carvacrol on the enteric CH4
production (Soltan et al. 2011). Owing to the active
substances found in its composition, thyme volatile
oil has the potential of altering the ruminal fluid
indicators and the in vitro degradation. Thus, the
present study was designed to provide scientific
data on the use of VOs and phenolic compounds
as feed additives to reduce the enteric CH4 production in ruminants, and thereby contributing
to minimising the effects of global climate change
and improving the ruminant production.
The Mediterranean flora includes several thyme
species (Thymbra spicata L., Origanum syriacum L.,
Origanum onites L. and Thymbra sintenisii subsp.
isaurica). Volatile oils extracted from these species contain the secondary compounds carvacrol
and thymol, which determine the functional effects
of the plant. The carvacrol content of thyme species
is reported to show a wide variation (19.23–34.10%)
(Onel et al. 2018). In vitro studies have demonstrat310

ed the anti-methanogenic and antibacterial effects
of carvacrol during ruminal fermentation (Soltan
et al. 2011; Castaneda-Correa et al. 2019). It is clear
that the effect of OSVO on the ruminal fermentation and feed digestion is directly related to the
active substances it contains. This study is based
on the hypothesis that the effects of Origanum syriacum L. volatile oil, administered at different doses,
and pure carvacrol on the in vitro ruminal degradation and methane production may differ. Thus,
this study was designed to determine the effects
of carvacrol alone and the combination of active
substances found in Origanum syriacum L. (carvacrol + thymol + γ-terpinene + p-cymene). The aim
of the present study was to present a comparative
assessment of the effects of carvacrol (60 mg/l) and
Origanum syriacum L. volatile oil (40/60/80 mg/l)
on the in vitro ruminal gas production and methane emission associated with the degradation of lucerne herbage, as well as on the ruminal organic
acid concentrations and protozoa counts.

MATERIAL AND METHODS
Ethical approval
We obtained an approval (No. 2020/05-2) from
the Local Ethics Committee of Hatay Mustafa
Kemal University for this study.

Plant material
The plant volatile oil used in this study was extracted by steam distillation from Origanum syriacum L. leaves, which were harvested during the
flowering period and later dried at 35 °C.

Extraction and component analyses
of Origanum syriacum L. volatile oil
The dried plant material was chopped and placed
in a beaker, then steam distillation was used to extract the essential oil. Steam distillation is based
on the principle of applying pressure to the plant
materials using steam, creating droplets of oil and
water together, then evaporating the water from
the droplets in the beaker. The chemical components of the volatile oil were determined using
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an ISQ Single Quadrupole model gas chromatograph and a TG-Wax MS-A model (both Thermo
Fisher Scientific, Waltham, MA, USA), a 5% phenyl
polysilphenylene-siloxane column with a 0.25 mm
inner diameter, 30 m in length, and a 0.25 µm film
thickness. Helium (99.9%) was used as the carrier
gas at a flow rate of 1 ml/minute. The ionisation
energy was 70 eV and the mass range (m/z) was
set from 1.2 amu to 1 200 amu. The scan mode
was used for the data collection. The temperature of the mass spectrometry (MS) transfer line
was 250 °C, the MS ionisation temperature was
220 °C, the temperature of the injection port
was 220 °C, and the column temperature was
initially 50 °C and increased up to 220 °C at a rate
of 3 °C/minute. The structure of each component
was described using the Xcalibur software (Thermo
Fisher Scientific, USA) and mass spectra.

Chemical analysis of dried lucerne herbage
Lucerne herbage, which was harvested during
the vegetation period and subsequently dried,
was analysed for the dry matter (DM), crude ash
(CA), crude protein (CP), and crude fat (CF) using the official analysis methods of the Association
of Official Analytical Chemists (AOAC 1995). The
composition of the neutral-detergent fibres (NDFs),
acid-detergent fibres (ADFs) and acid detergent
lignin (ADL) were analysed as described by Van
Soest et al. (1991).

In vitro gas production
The in vitro degradability of the dried lucerne
herbage was determined by the in vitro gas production assay described by Menke et al. (1979).
Approximately one litre ruminal fluid samples were
collected from (using a gastric tube) each of two
Brown Swiss beef cattle, weighing 500–550 kg,
and were transported to the laboratory in insulated flasks at 39 ± 1 °C. The ruminal fluids were
filtered under CO2 gas pressure through four layers of muslin cloth and were used for the in vitro
gas production. Origanum syriacum L. volatile oil
was drawn into 100 ml glass syringes (FORTUNA®;
Merck KGaA, Darmstadt, Germany) and added
at levels of 40/60/80 mg/l to the ruminal fluid
samples. Carvacrol (Sigma Aldrich Co., St. Louis,

MO, USA) was added to the ruminal liquid samples
at a level of 60 mg/l. Incubation was performed
in 10 ml sample aliquots with 200 ± 10 mg of dried
lucerne herbage and 20 ml of a mixture of buffer +
macrominerals + microminerals + reduction solution + resazurin solution. Gas was produced in four
replicates of the samples from each group. Four syringes were used for the blind calculations.

Determination of the in vitro total
gas and methane production
The total amount of gas produced in each syringe
was determined by reading the volume (ml) on the
syringe barrel at the end of a 24 h-incubation period. The share of methane in the total percentage (%)
of gas produced was determined using an infrared
methane sensor (Sensor Europe GmbH, Erkrath,
Germany).

Determination of the in vitro
degradability parameters
The effects of Origanum syriacum L. and carvacrol on the in vitro metabolisable energy (ME),
organic matter digestibility (OMD) and net energy lactation (NEL) values were calculated using
the formulae indicated below (Menke et al. 1979;
Blummel et al. 1997).
ME
=
(MJ/kg DM)

2.20 + 0.136 × GP + 0.057 ×
× CP + 0.002 859 7 × EE2

(1)

OMD
(% DM)

14.88 + 0.889 × GP + 0.45 ×
× CP + 0.065 1 × CA

(2)

=

where:
DM – dry matter;
GP – 24 h net gas production (ml/200 mg, DM);
CP – crude protein (g/kg DM);
CA – crude ash (g/kg DM);
EE 	 – ether extract (g/kg DM).

Determination of the total protozoa count
At the end of the incubation period, the content
of the glass syringes was used to count the number
of protozoa. At the end of 24 h, 1 ml of the content
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was filtered from each syringe and 49 ml of a diluent was added (mixture of 20 ml of 37% formalin,
150 ml of glycerine and 820 ml of distilled water)
to prepare the ready-to-count 50 ml sample aliquots
as described by Boyne et al. (1957). One ml of each
aliquot was placed in the chamber of a McMaster’s
slide to count the number of protozoa per cubic
centimetre (Boyne et al. 1957).

Statistical analysis
The statistical analyses of the raw data obtained
in this study were made using the SPSS v17.0 (IBM,
USA) software package. The statistical significance
of the groups was determined by a one-way analysis
of variance (ANOVA). The dose-dependent differences of the in vitro digestion parameters were
detected with a polynomial contrast analysis (linear, quadratic and cubic). When a statistical significance was detected, Tukey’s multiple range test
was performed as a multiple comparison test. The
P-level for statistical significance was set below 0.05
(P < 0.05).

RESULTS
The chemical composition of the volatile oil extracted by steam distillation is shown in Table 1.
The main constituents of the Origanum syriacum L. volatile oil, determined by chemical analysis, include γ-terpinene (21.89%), thymol (19.38%),
carvacrol (19.23%) and p-cymene (17.90%).

Table 1. Chemical components of the Origanum syriacum L. volatile oil (%)
Components

Rate (%)

Retention time (RT)

α-Pinene

1.30

12.81

α-Thujene

1.62

13.09

β-Pinene

0.27

17.38

Myrcene

2.95

21.14

α-Terpineol

4.47

22.08

d-Limonene

0.59

23.18

Sabinene

0.41

23.77

γ -Terpinene

21.89

26.70

p-Cymene

17.90

28.38

Octan-3-ol

2.75

36.16

trans-Sabinene hydrate

2.04

40.73

Caryophyllene

2.21

48.79

3-Cyclohexen-1-ol

1.27

49.21

Humulene

0.31

52.89

Terpineol

0.31

54.46

Borneol

0.37

54.74

β-Caryophyllene oxide

0.50

65.67

Thymol

19.38

69.48

Carvacrol

19.23

70.39

The effects observed at the end of a 24 h-incubation period on the in vitro gas production,
ammonia nitrogen level and protozoa counts are
listed in Table 2. The results obtained in the present study demonstrated that carvacrol and the
different doses of OSVO have significantly altered
gas production. It was determined that, when
compared to the control group, the gas produc-

Table 2. The effect of Origanum syriacum L. and carvacrol on the in vitro digestion parameters of lucerne herbage
Parameter

Control

CRV
(60 mg/l)

OSVO
(40 mg/l)

OSVO
(60 mg/l)

OSVO
(80 mg/l)

SEM

P-value

GP (ml/g)

39.30 ± 1.80a

33.60 ± 0.62b

36.16 ±0.44a

35.72 ± 1.30b

36.53 ± 1.24a

0.871

*

CH4 (%)

21.95 ± 0.20b

23.55 ± 0.52ab

22.67 ± 0.51ab

24.02 ± 0.97ab

25.07 ± 0.37a

0.337

*

ab

ab

a

0.233

*

a

Methane (ml)
ME (MJ/kg DM)

8.63 ± 0.45

ab

8.58 ± 0.24

a

64.43 ± 1.760a

OMD (%)
NH3-N (mg/l)
Protozoa (× 10 /ml)

6.96 ± 0.19

b

8.19 ± 0.15

a

8.60 ± 0.60

a

9.16 ± 0.41

7.26 ± 0.08

8.16 ± 0.06

8.10 ± 0.16

8.21 ± 0.16

0.118

*

55.81 ± 0.55b

61.64 ± 0.38a

61.25 ± 1.16a

61.97 ± 1.10a

0.774

*

c

bc

bc

ab

455.0±15.8

7.05

*

2.67 ± 0.19

0.069

NS

a

410 ± 11.9

2.70 ± 0.10

3.08 ± 0.12

477.5 ± 2.5
3

b

417.5 ± 4.7

2.82 ± 0.11

425.0 ± 9.1

3.07 ± 0.16

*Differences between the averages values indicated by different letters in the same row are important (P < 0.01)
CH4 = methane production as a percentage of the total gas production; CRV = carvacrol; GP = 24 h gas production; ME
= metabolic energy; NH3-N = nitrogen bound to ammonia; NS = not significant; OMD = organic matter digestibility;
OSVO = Origanum syriacum L. volatile oil
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Table 3. The effect of Origanum syriacum L. and carvacrol on athe molarities of volatile fatty acids in the in vitro
fermentation fluid (mmol/l)
Volatile fatty
acids

Control

CRV
(60 mg/l)

OSVO
(40 mg/l)

OSVO
(60 mg/l)

OSVO
(80 mg/l)

SEM

P-value

102.96 ± 0.86a

98.28 ± 0.77d

99.92 ± 0.83b

99.35 ± 0.96b

98.94 ± 0.81c

1.204

**

AA

56.07 ± 1.30

53.04 ± 0.81

54.03 ± 1.16

53.03 ± 1.29

53.04 ± 1.24

1.656

NS

PA

21.04 ± 1.64

1.464

NS

TVFA

20.05 ± 2.54
ab

20.04 ± 1.61
b

19.04 ± 1.54
ab

20.06 ± 2.70
a

a

17.03 ± 1.16

18.05 ± 1.19

20.34 ± 0.95

20.04 ± 1.06

1.512

*

OFA

4.83

4.88

4.86

3.89

2.87

1.741

NS

AA/PA

2.66

2.67

2.86

2.95

2.78

0.194

NS

BA

18.05 ± 0.97

*Differences between the average values indicated by different letters in the same row are important; **Differences between
the average values indicated by different letters in the same row are statistically significant (P < 0.05)
AA = acetic acid; AA/PA = acetate/propionate ratio; BA = butyric acid; CRV = carvacrol; OFA = other fatty acids comprised
of iso-butyrate + valerate + iso-valerate; OSVO = Origanum syriacum L. volatile oil; PA = propionic acid; TVFA = (as mmol/l
rumen fluid) total volatile fatty acids comprised of acetate + propionate + butyrate + iso-butyrate + valerate + iso-valerate

tion decreased by 9% with the addition of 60 mg/l
of OSVO, and by 14% with the addition of carvacrol
(P < 0.01). The methane production (ml), organic
matter degradability (OMD) and metabolisable energy (ME) were observed to have decreased with
the addition of carvacrol (P < 0.01). Compared
to the control group, the ruminal ammonia levels
were observed to have significantly decreased in all
of the treatment groups (P < 0.01).
As seen in Table 3 which presents the effects
of the carvacrol and Origanum syriacum L. volatile
oil on the ruminal fermentation, while the TVFA
concentration significantly decreased with the addition of carvacrol and all the doses of Origanum
syriacum L. volatile oil (P < 0.05), the BA level
decreased with the addition of carvacrol only
(P < 0.01). The addition of 80 mg/l of Origanum
syriacum L. volatile oil and 60 mg/l of carvacrol
were found to be the most effective on the ruminal
fermentation.

DISCUSSION
The effects and compositional levels of the
secondary plant components vary with the species, geographical region and location. The effect
of a plant extract is related to the antimicrobial,
antiprotozoal and antioxidant substances the plant
contains (Onel et al. 2020). Gas production during
in vitro incubation is generally a good sign of ruminal degradation and microbial activity, and higher
gas production levels indicate the presence of bet-

ter nutritional sources for ruminal microorganisms
(Boussaada et al. 2018). To date, the antimicrobial,
antiprotozoal and antioxidant effects of plant volatile oils have been extensively investigated, yet the
effects of these oils on the methane emissions have
not been determined. The volatile oil used in this
study, which was extracted from Origanum syriacum L., a plant that grows along the Mediterranean
coastline, is known to show antibacterial effect
owing to the high levels of γ-terpinene (21.89%),
thymol (19.38%), carvacrol (19.23%) and p-cymene
(17.90%) it contains (Onel and Aksu 2020). The
volatile oil levels and chemical composition previously reported for plants harvested from similar
locations are largely in agreement with those determined for the OSVO in the present study (Karik
et al. 2015; Aksu et al. 2018). On the other hand,
in a study on a single plant species from three different locations, Cook et al. (2007) determined
differences in the composition of the volatile oils
extracted from the specimens of the plant. These
differences were not directly related to the prevailing climate conditions, but were rather of a local
character and were observed for the different harvesting regions and plant organs.
Plant extracts intended to be used as feed additives
and their administration doses should be selected
in such a way that they do not show any adverse effect on the ruminal fermentation and do not cause
feed spoilage. Plant volatile oils should improve the
reduction in the ruminal ammonia concentrations
(Patra and Yu 2012; Karik et al. 2015; Onel et al.
2020). In the present study, 60 mg/l of Origanum
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syriacum L. volatile oil and 60 mg/l of carvacrol
added to the ruminal fluid samples were determined to have reduced the in vitro gas production
(P < 0.01). The differences observed between the
effects of the other Origanum syriacum L. volatile
oil doses on CH4 production were attributed to the
differences in the levels of the phenolic compounds
these doses contained. On the other hand, previous
studies reporting increased gas production during
the in vitro incubation with extracts of plants rich
in secondary metabolites, including Origanum syriacum L., have attributed this increase to the secondary metabolites, and, in particular, to flavonoids
(Jimenez-Peralta et al. 2011; Sallam et al. 2011).
In agreement with the reports of Mandal et al.
(2016) and Onel et al. (2020), the present study
demonstrated that carvacrol and Origanum syriacum L. volatile oil both showed a positive effect
by reducing the ruminal ammonia levels without
altering the protozoal counts. In view of the degradability, protozoal growth and reduced ammonia levels reported to being inhibited by the secondary
plant metabolites (Patra and Yu 2014), the nitrogen
decreasing effect of Origanum syriacum L. was attributed to the inhibition of the growth of ammonia-producing bacteria. On the other hand, different
from in vitro research, other studies are available,
which have been carried out in dairy cattle and
sheep and suggest that volatile oils and the active
substances they contain, such as carvacrol, do not
affect the enteric methane production and bacterial nitrogen concentration. The TVFA and PA
concentrations in the in vitro fermentation fluid
of lucerne herbage were low in all the groups,
while a low level of butyric acid was detected only
in the group where carvacrol was added. It was ascertained that Origanum syriacum L. volatile oil
led to dose-dependent alterations in the in vitro
degradation parameters. In result, the addition
of 40 mg/l of Origanum syriacum L. volatile oil
and 60 mg/l of carvacrol to the ruminal fluid led
to a decreasing effect in the in vitro ruminal gas
and methane production.
The anti-methanogenic effect of the Origanum
syriacum L. volatile oil was due to the decreased
digestibility of the lucerne herbage. This can have
a positive impact on the environment, but the same
cannot be said for the digestibility of all the nutrients and the animal performance. For this reason, there is a need for in vivo studies that more
clearly reveal the mode of action of plant extracts
314

on reducing the methane production, and on determining the relationships between the composition
of the diet and the dose of the plant extract used.
Thus, although it is not certain, it will be possible
to test the view that some plant extracts can reduce
the palatability of the feeds and the feed intake.
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