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Summary: The aim of the present in vitro study was to investigate the effects of laurel volatile oil, (Laurusnobilis L.)
on ruminal gas production, methane emission, organic acids and protozoa counts of Alfalfa herbage. The components
of laurel volatile oil were analysed. The effects of the addition of laurel volatile oil, at levels of 0, 50, 100 and 200 mg/L
(LO, L50, L100 and L200), to the rumen fluid on in vitroruminal digestion were determined using byin vitro gas produc-
tion technique. The addition of 50 mg/L of laurel volatile oil decreased total gas and methane production (ml), organic
matter digestion (OMD), and metabolic energy (ME) values. On the other hand, the addition of this oil at levels of 100
mg/L and 200 mg/L was observed not to alter the in vitro total gas, methane (ml), ME and OMD values (P<0.05). While
ruminal ammonia nitrogen levels decreased in Groups L50 and L100, no alteration was detected in Group L200
(P<0.05). Ruminal protozoa counts did not affected by the addition of laurel volatile oil within a range of 50-200 mg/L
(P>0.05). The amounts of the total volatile fatty acids (TVFA) and butyric acid (BA) in the in vitro fermentation fluid of
alfalfa herbage were low in all groups. It was determined that laurel volatile oil (LaurusnobilisL.) caused dose-
dependent alterations in the in vitro digestion parameters.As a result, it has been determined that the active substanc-
es in Laurusnobilis L. essential oil may have regulation power on ruminal fermentation. It is thought that more research
is needed to reveal the effects of Laurusnobilis L. volatile in terms of both ecological and digestive system physiology
by using different feed types and essential oil combinations
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Yonca Kuru Otunun /n Vitro Ruminal Gaz Uretimi, Metan Salimmi, Organik Asit ve Protozoa Sayisi Uzerine
Defne Ugucu Yaginin (Laurusnobilis L.) Etkisi

Ozet: Bu in vitro calismanin amaci, defne (Laurusnobilis L.) yapraklarindan elde edilen defne ugucu yaginin yonca
kuru otunun ruminal gaz Uretimini, metan emisyonunu, organik asitler ve protozoa Uzerine etkilerini aragtirmaktir. Defne
ugucu yaginin bilesenleri analiz edildi. Rumen sivisina 0, 50, 100 ve 200 mg/L (LO, L50, L100 ve L200) seviyelerinde
defne ugucu yagi eklenmesinin in vitro ruminal sindirime etkileri in vitro gaz uretimi ile belirlendi. 50 mg/L defne ugucu
yag! ilavesi toplam gaz ve metan Uretimini (ml), organik madde sindirimini (OMD) ve metabolik enerji (ME) degerlerini
disurmustir. Ote yandan bu yagin 100 mg/L ve 200 mg / L seviyelerinde eklenmesinin in vitro toplam gaz, metan (ml),
ME ve OMD degerlerini (P <0.05) degistirmedigi gorulmustir. Grup L50 ve L100'de ruminal amonyak nitrojen seviyeleri
azalirken, Grup L200'de degisiklik saptanmadi (P <0.05). Ruminal protozoa sayilari, defne ugucu yaginin 50-200 mg /
L araliginda eklenmesinden etkilenmedi (P> 0.05). Yonca otunun in vitro fermentasyon sivisindaki toplam ugucu yag
asitleri (TVFA) ve butirik asit (BA) miktarlari tim gruplarda diguktu. Defne ugucu yaginin (Laurusnobilis L.) in vitro
sindirim parametrelerinde doza bagli degisikliklere neden oldugu belirlendi. Sonug olarak Laurusnobilis L. ugucu yagin-
daki etken maddelerin ruminal fermantasyon lizerinde diizenleme gucline sahip olabilecegi tespit edilmistir. Laurusno-
bilis L. Ugucu yaginin hem ekolojik hem de sindirim sistemi fizyolojisi agisindan etkilerini farkli yem tirleri ve ugucu yag
kombinasyonlari kullanarak ortaya ¢ikarmak igin daha fazla arastirmaya ihtiya¢ oldugu dustndlmektedir.

Anahtar kelimeler: Defne, in vitro gaz Uretimi, metan, ugucu yag

Introduction Therefore, the increasing demand for animal prod-
ucts points out to the need for researching how to
increase animal production (Gemeda, 2018; Thornton
and Pierre, 2010). Several studies have demonstrat-
ed that, on a global scale, 80 million tonnes of CH4 is

The consumption of animal products remains low in
developing countries due to growing population.
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produced each year, nearly 47% of which originates
from human activity on agricultural land and 39%
from farm animals (Ellis et al., 2010; Gerber et al.,
2013; Hook et al., 2010). Methane gas production by
ruminants eventually results in a gross energy loss
ranging from 2% to 12% (Wanapat et al., 2015). It
has been reported that, depending on the type, parti-
cle size and dry matter content of the feed provided
to them, cattle produce 60-160 kg CHj/year per head,
whilst sheep and goats produce 10-16 kg CHa/year
per head (Hristov et al., 2013). Methane is consid-
ered to be even more dangerous than carbon dioxide
(CO,), which also causes climate change and affects
global warming (Bodas et al., 2012). Creating favour-
able environmental conditions that would reduce me-
thane production is rather difficult. Various inhibition
techniques have been used to reduce the production
of enteric CH4(Patra et al., 2016). Unfortunately,
some of these techniques have detrimental effects on
ruminal microorganisms and fermentation (Patra and
Yu, 2013). Furthermore, some CHjyinhibitors are toxic
for ruminants (Patra and Yu, 2012). Therefore, it is
required to find safe alternative feed additives in or-
der to protect the environment and sustain animal
production while reducing enteric CH,4emissions. In
the past few years, consumers have called for the
use of natural products, such as phytochemicals, to
alter the ruminal ecosystem. In this context, the struc-
tures of the secondary metabolites of more than
200,000 plants have been determined (Hartmann,
2007).

The rich flora of Turkey contributes greatly to the
abundance and diversity of plants from which volatile
oils are derived. Apart from its geographical position
and climate diversity, Turkey being situated at the
crossroads of 3 very important floristic regions ac-
counts for the diversity of aromatic herbs found
throughout the country, as is the case with other plant
species and genera. The aim of this study was to
investigate the effects of laurel volatile oil, an export
product (approx. 12,000 tonnes/year) of Turkey de-
rived from the leaves of laurel trees native to the
coastline of the country (Karik et al., 2015), on in vitro
roughage degradability. Volatile oils show anti-
methanogenic effect on in vitro digestion and alter
rumen fluid parameters (Cobellis et al., 2016; Ulger et
al., 2017; Zhou et al., 2020). It is foreseen that, owing
to the active substances it contains, laurel volatile oil
may alter rumen fluid parameters and in vitro diges-
tion. This study was aimed at determining the effects
of different levels (0, 50, 100, 200 mg/L rumen fluid)
of laurel volatile oil, an export product of Turkey
(approx. 12,000 tonnes/year) derived from the leaves
of laurel trees on the Mediterranean coastline, on in
vitroruminal gas production, methane emission, or-
ganic acids and protozoa counts.
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Materials and Methods
Ethical approval

We obtained an approval (No: 2020/04-16) from the
Local Ethics Committee of Hatay Mustafa Kemal Uni-
versity for this study.

Plant material

The laurel volatile oil used in this study was extracted
by hydrodistillation from the leaves of laurel trees
(Laurusnobilis L.) in the Hatay province of Turkey,
which were collected at the blooming stage and dried
at 35 °C.

Extraction and component analyses of laurel vol-
atile 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 to-
gether, then evaporating the water from the droplets
in the beaker. The chemical components of the vola-
tile oil were determined using a Thermo Scientific
ISQ Single Quadrupole model gas chromatograph
and a TG-Wax MS-A model, 5% phenyl polysil-
phenylene-siloxane column of 0.25 mm inner diame-
ter, 30 m length, and 0.25 pym 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 to 1200 amu.
The scan mode was used for 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 us-
ing the Xcalibur software and mass spectra.

Chemical analysis of dried alfalfa

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

In vitro gas production

The in vitro degradability of dried alfalfa was deter-
mined by the in vitro gas production assay described
by Menke et al. (1979). Approximately 1-litre ruminal
fluid samples were collected from each of two fistulat-
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ed 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 un-
der CO, gas pressure through 4 layers of muslin cloth
and were used for in vitro gas production. Laurel vol-
atile oil (Laurusnobilis L.) was drawn into 100 ml-
glass syringes (Model Fortuna, Germany) and added
at levels of 50-100-200 mg/L to the ruminal fluid sam-
ples, and then incubated in 10 ml-aliquots with
20010 mg of dried alfalfa 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 blind calculations.

Determination of 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 amount of gas pro-
duced was determined using an infrared methane
sensor (Sensor, Europe GmbH, Erkrath, Germany).

Determination of in vitro degradability parameters

The effects of laurel volatile oil on the in vitro metabo-
lizable energy (ME), organic matter digestibility
(OMD) and net energy lactation (NE )values were
calculated using the formulae indicated below
(Blimmel et al.,1997; Menke et al., 1979).
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ME (MJ /kg DM) = 2.20 + 0.136 x GP +
0.057 x CP + 0.0028597 x EE?

OMD (g/kg DM) = 14.88 + 0.889 x GP+ 0.45
x CP +0.0651 x CA

GP= 24 h net gas production (ml/200 mg),
CP=Crude protein (g/kg DM), CA= Crude ash (g/kg
DM), EE = Ether extract (g/kg DM).

Determination of total protozoa count

At the end of the incubation period, the content of the
glass syringes was used to count the number of pro-
tozoa. At the end of 24 h, 1 ml of the content was
filtered from each syringe and added 49 ml of a dilu-
ent (mixture of 20 ml of 37% formalin, 150 ml of glyc-
erine and 820 ml of distilled water) to prepare ready-
to-count 50-ml sample aliquots as described by
Boyne et al. One ml of each aliquot was placed in the
chamber of a Macmaster’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 17.0 software
package. The statistical significance of the groups
was determined by one-way analysis of variance
(ANOVA). The dose-dependent differences of the in
vitro digestion parameters were detected with polyno-
mial contrast analysis (linear, quadratic and cubic).
When statistical significance was detected, Tukey’s

Table 1. Chemicalcomponents of Laurusnobilis L. volatileoil

Retention Time (RT) Rate (%) Components
12.90 5.18 a-pinene
13.08 0.47 a-thujene
17.51 4.73 B -pinene
18.53 7.57 sabinene
22.01 6.33 a-terpineol
24.43 42.82 1,8-cineole
26.41 0.66 y -terpinene
28.14 2.34 p-cymene
28.83 0.22 terpinolene
40.72 1.01 trans-sabinenehydrate
45.91 3.18 linalool
47.18 0.22 pinocarvone
49.24 2.71 4-carvomenthenol
52.11 0.26 pinocarveol, trans
54.31 1.02 camphene
54.37 12.99 a-terpinylacetate
54.49 0.32 exo-norborneol
55.47 0.37 nerylacetate
65.05 0.55 caryophylleneoxide
65.66 1.56 methyleugenol
67.97 0.30 spathulenol
68.96 1.28 eugenol
69.13 0.47 a-elemene
70.07 0.31 a-eudesmol
70.32 0.79 B -eudesmol
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multiple range test was performed as a multiple com-
parison test. The p-level for statistical significance
was set below 0.05 (P<0.05).

Results

The dried alfalfa used in this study was determined to
contain 94.38% dry matter, 7.13% crude ash, 3.4%
crude fat and 20.44% crude protein. The chemical
composition of the laurel volatile oil used in this study
is presented in Table 1. The major components of
this oil, in order of share, were determined as follows:
1,8-cineole (42.82%), o-terpinyl acetate (12.99%),
sabinene (7.57%), a-terpineol (6.33%), and B-pinene
(4.73%).

Erciyes Univ Vet Fak Derg 2020; 17(3): 283-289

The effects of the different doses of laurel volatile oil
(Laurusnobilis L.) on in vitro gas production, ammo-
nia nitrogen level and protozoa count at the end of a
24 h-incubation period are shown in Table 2. The
results obtained in the present study demonstrated
that different doses of laurel volatile oil resulted in
statistically significant differences. The first, second
and third doses of laurel volatile oil were determined
to have decreased gas production by rates of 20.8%,
7.3% and 7.4%, respectively (P<0.05).The addition of
50 mg/L of laurel volatile oil decreased total gas and
methane production (ml), organic matter digestion
(OMD), and metabolic energy (ME) values. On the
other hand, the addition of this oil at levels of 100 mg/

Table 2. The effect of laurel volatile oil on the in vitro digestion parameters of alfalfa hay

TGP (ml/0.2 Methane Methane (ml) ME (MJ/kg OMD (%) NH;-N Protozoa
g DM) (%) DM) (mg/dl)
Lo 42.21+41.92°  22.06+0.23 9.31+0.43% 8.98+0.26°  67.02+1.70°  47.82+0.23° 2.72+0.10
(control) ¢
L50 33.39+0.6° 25.25b¢o.25 8.43+0.22° 7.78+0.08°  59.18+0.53°  43.79+1.84°°  2.54+0.13
L100 39.1141.172 24.70b10.46 9.66+0.37% 8.56+0.15°  64.27+1.04°  41.85+0.64° 2.53+0.23
L200 39.06+1.39°  26.77+0.41 10.45+0.37° 8.55+0.19°  64.22+1.24°  4575+1.93°®  2.80+0.25
a

SEM 1.008 0.460 0.253 0.137 0.896 0.912 0.904
P-values
L NS ** NS NS * NS
Q *kk NS * *kk dkk
C kK Kk NS *kk dkk

L0, L50, L100, L200: Groups added 0 (control), 50, 100, and 200 mg/L of laurel volatile oil, respectively.

TGP: Total gas production (24h ml/ 0.2 g DM), CH,4: methane production as a percentage of total gas produc-
tion, ME: Metabolic energy as MJ/kg DM, OMD: Organic matter digestibility as %, NS: non-significant.
*Differences between the average values indicated with different letters in the same column are statistically sig-
nificant (P<0.05).

** Differences between the average values indicated with different letters in the same column are statistically
significant (P<0.01).

*** Differences between the average values indicated with different letters in the same column are statistically
significant (P<0.001).

Table 3. The effect of laurel volatile oil (Laurusnobilis L.) on ruminal fermentation characteristics

LO (control) L50 L100 L200 SEM P value
TVFA 101.78+£1.19  97.75+0.75° 98.68+1.15° 98.31+1.39¢ 1.159 **
AA 52.65+0.97 51.20+0.96 52.38+0.79 51.03+0.67 0.427 NS
PA 24.85+1.08 20.81+1.26 23.70+0.61 21.21%0.51 0.601 NS
BA 17.59+0.29° 13.98+0.65°  13.87+0.61% 11.98+79° 0.592 **
OFA 3.76 1.59 3.38 4.75 0.393 NS
AA/PA 2.11 2.46 2.23 2.41 0.227 NS

L50, L100, L200: Groups added 50, 100, and 200 mg/L of laurel volatile oil, respectively, to rumen fluid.

TVFA: (as mmol/L rumen fluid) total volatile fatty acids comprise of acetate + propionate + butyrate + iso-
butyrate + valerate + iso-valerate; OFA: other fatty acids comprise of iso-butyrate + valerate + iso-valerate; AA:
acetic acid, PA: propionic acid, BA: butyric acid, AA/PA: acetate / propionate

* Differences between the average values indicated with different letters in the same row are important

** Differences between the average values indicated with different letters in the same row are statistically signifi-
cant (P<0.05).
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L and 200 mg/L was observed not to alter the in vitro
total gas, methane (ml), ME and OMD values
(P<0.05). While ruminal ammonia nitrogen levels
decreased in Groups L50 and L100, no alteration
was detected in Group L200 (P<0.05). Ruminal proto-
zoa counts were ascertained not to have been affect-
ed by the addition of laurel volatile oil within a range
of 50-200 mg/L (P>0.05).

As shown in Table 3, the different doses of laurel
volatile oil (Laurusnobilis L.) added to ruminal fluid
significantly reduced the total volatile fatty acid
(TVFA) and butyric acid levels (P<0.05). The dose
most effective on ruminal fermentation was 50 mg/L.

Discussion and Conclusion

Volatile oil derived from the leaves of laurel trees,
native to the Mediterranean coastline, is reported to
have antibacterial effect, owing to the very high levels
of 1, 8-cineole (42.82%), a-terpinyl acetate (12.99%),
sabinene (7.57%), and a-terpineol (6.33%) it contains
(Tural and Turhan, 2017). The volatile oil profile of
laurel leaves from similar locations and the chemical
composition of laurel volatile oil are to a great extent
similar to those determined in the present study
(Sangun et al., 2007; Ayanoglu et al., 2010; Karik et
al.,2015).

Gas production during in vitro incubation is generally
considered to be a good indicator of ruminal degrada-
bility, fermentation and microbial activity, as higher
gas levels indicate better nutrient sources for rumen
microorganisms (Makkar et al., 1997). At the end of
the study, it was determined that all of the laurel vola-
tile oil (Laurusnobilis L.) levels tested had decreased
gas production. Some researchers have reported
increased gas production during in vitro incubation
with other plant extracts rich in secondary metabo-
lites (Jiménez-Peralta et al., 2011; Sallam et al,,
2010).Limited data is available on the effect of laurel
extract on in vitro ammonia nitrogen production, yet
in vivo research has shown that, based on compari-
son with controls, ruminal NH;-N and CH, levels sig-
nificantly decrease with the use of volatile oils (Manh
et al., 2012). In the present study, when compared to
the control group, methane levels (ml) were deter-
mined to have significantly decreased in Group L50
(P<0.01). This result, which agrees with previous
studies reporting reduced methane emissions with
the use of volatile oils (Ravindra et al., 2009; Patra
and Yu, 2012), was attributed to the high level of 8-
cineole (42.82%) found in laurel leaves. Plant ex-
tracts and their administration doses should be se-
lected in a way to avoid any negative effect on rumi-
nal fermentation and feed durability. When used for
dietary supplementation, volatile oils should induce a
positive effect by reducing ammonia concentrations
in the rumen. Although there is not enough literature
on the effect of laurel essential oil on rumen parame-
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ters, the laurel volatile oil (Laurusnobilis L.) used in
the present study was observed to have shown a
positive effect by decreasing ruminal ammonia levels
without affecting ruminal protozoa counts (Mandal et
al., 2016; Onel and Aksu, 2017).

In the current study, the molarities of TVFA in rumen
(98-102 mmol/L) in the fermentation process of alfalfa
herbage was at an ideal level for the normal ruminal
ecosystem (Kara et al., 2018). The fact that the laurel
volatile oil does not have a negative effect on acetate
and propionate levels indicates that it does not have
a negative effect on digestibility. On the other hand,
decreasing the butyric acid level of the herb doses
decreased the TVFA molaritiesin fermentation fluid.

In view of digestibility, protozoal growth and reduced
ammonia levels having been reported to be inhibited
by the chemical composition of the plant (Tural and
Turhan, 2017), the nitrogen-decreasing effect of lau-
rel volatile oil (Laurusnobilis L.) was attributed to it
most possibly inhibiting the growth of ammonia-
producing bacteria. On the other hand, different from
the results of in vitro research, several studies con-
ducted in cattle and sheep have demonstrated that
volatile oils do not affect bacterial nitrogen levels
(Benchaar et al., 2006; Newbold et al., 2004). In re-
sult, it was determined that the addition of 50 mg/L of
laurel volatile oil to the rumen fluid showed relatively
adverse effects on the in vitroruminal gas production
of alfalfa herbage as well as on digestion parameters,
yet also produced an antimethanogenic effect. There
is a need for the positive effects of these plants and
their extracts to be extended to in vivo conditions and
to be tested in long-term studies.
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