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Abstract

I. Ulger, A. Kamalak, O. Kurt, E. Kaya, I. Guven. 2017. Comparison of chemical
composition and anti-methanogenic potential of Liquidambar orientalis leaves with
Laurus nobilis and Eucalyptus globulus leaves using in vitro gas production technique.
Cien. Inv. Agr. 44(1): 75-82. The aim of the present study was to compare the leaves of
Liquidambar orientalis with the leaves of Laurus nobilis and Eucalyptus globulus in terms of
their chemical composition and anti-methanogenic potential using an in vitro gas production
technique. Species had a significant effect on the chemical composition, gas production, methane
production, metabolizable energy and organic matter digestibility of the tree leaves. The crude
protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and condensed tannin
(CT) contents of the tree leaves ranged from 9.11 to 12.8, 22.49 to 35.85, 32.76 to 49.31, and
1.55 to 9.29%, respectively. The gas production, methane production, metabolizable energy
(ME) and organic matter digestibility (OMD) ranged from 21.72 to 31.54 mL, 2.62 to 4.41 mL,
6.62 to 9.24 MJ kg' dry matter (DM), and 41.23 to 54.84%, respectively. It is likely that the
leaves of L. orientalis would be more effective for methane mitigation in ruminant animals than
those of E. globules or L. nobilis. However, prior to widespread implementation, the effect of
the leaves of L. orientalis on animal production should be tested in vivo.

Key words: Anti-methanogenic potential, chemical composition, digestibility, L. orientalis
leaves, metabolizable energy.

Introduction

It is well known that tree leaves have long been
used to meet the protein, energy and mineral
requirements of ruminant animals in most parts
of the world during feedstuff shortages. It has

Received September 07, 2016. Accepted March 10, 2017
Corresponding author: akamalak@ksu.edu.tr

been reported that during ruminal fermentation,
2-12% of dietary energy intake is lost as methane,
which contributes considerably to global warm-
ing (Jonhson and Johnson, 1995). Recently, tree
leaves and their secondary metabolites, such as
tannins, saponins and essential oils, have attracted
considerable attention among researchers and
have been tested for anti-methanogenic potential
to mitigate the enteric methane emissions from
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ruminant animals (Kilic et al., 2011; Akcil and
Denek, 2013; Thao et al., 2014; Kumar et al., 2012;
Kouazounde et al., 2015). Several researchers have
tested the leaves of Laurus nobilis and Eucalyptus
globulus trees and their secondary metabolites
for their anti-methanogenic potential. It has been
reported that L. nobilis and E. globulus trees and
their secondary metabolites have potential to
mitigate enteric methane emissions (Kilic et al.,
2011; Akcil and Denek, 2013; Kouazounde et al.,
2014; Thao et al., 2014, 2015). L. orientalis, which
can grow to 10—15 m, is a native tree species in
Turkey whose leaves contain essential oils similar
to those in the leaves of L. nobilis and E. globules.
Although the essential oil from L. orientalis has
been reported to have anti-microbial activity (Ok-
men et al., 2014; Yapici et al., 2015), thus far, the
anti-methanogenic potential of L. orientalis leaves
has not been tested. The in vitro gas production
method is used for various purposes, such as for
the determination of the fermentation kinetics
of feedstuffs and the evaluation of the effects of
anti-nutritive factors and of the associative ef-
fects of feedstuffs (Ozturk et al., 2006; Aydin et
al.,2007; Goel et al., 2008; Kamalak et al., 2011;
Akcil and Denek, 2013). Recently, this method
has been used to determine the anti-methanogenic
potential of essential oils; various solvent extracts;
and tree leaves containing essential oils, tannins
and saponins (Kim et al., 2012; Akcil and Denek,
2013; Yogianto et al., 2014). Therefore, the aim
of the present study was to compare the leaves
of L. orientalis with the leaves of L. nobilis and
E. globulus in terms of the chemical composition
and anti-methanogenic potential using an in vitro
gas production technique.

Materials and methods

Leaf samples of L. orientalis, L. nobilis and E.
globulus were collected from seven different
trees in June 2015 in Kahramanmaras, Turkey,
and dried under shade at room temperature. Dry
leaf samples were milled for passing through a
I-mm screen and kept in airtight plastic bags

for subsequent chemical analysis and in vitro
gas production.

Dry matter, crude ash, crude protein and ether
extract contents of tree leaves were determined
according to the AOAC (1990). Cell wall (NDF
and ADF) contents of tree leaves were determined
according to the methods described by Van Soest
and Wine (1967) and Georing and Van Soest
(1963), respectively. Condensed tannin contents
were determined using the methods of Makkar
et al. (1995). The chemical analysis was carried
out in triplicate.

Leaf samples (0.200 g) were incubated with buff-
ered rumen liquid in triplicate to determine the
gas and methane production after 24 h of incuba-
tion using the in vitro gas production technique
(Menke et al., 1979). Net gas productions of tree
leaves was obtained after correction for blank
and hay standards (University of Hohenheim,
Germany) with a predicted gas production of
49.61 mL per 0.200 g.

The rumen fluid was collected prior to morning
feeding from two fistulated Awassi sheep fed a
diet consisting of alfalfa hay (800 g) and barley
(400 g) and was then filtered through four lay-
ers of cheesecloth under flushing with CO,. The
buffered rumen liquid was then obtained by
combining buffered solution with rumen liquid
at the ratio of 1:2, respectively.

ME (MJ/kg DM) and OMD of tree leaves were
estimated using the equation of Menke and Ste-
ingass (1988) as follows:

ME (MJ/kg DM) = 1.68 + 0.1418GP + 0.073CP
+0.217EE - 0.028CA 1)

OMD (%) = 14.88 + 0.8893GP + 0.448CP +
0.651CA 2)

where GP = 24 h of net gas production (mL 200
mg"); CP = crude protein (%); EE = ether extract
(%); and CA = ash content (%)
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The methane content of gas produced after 24 h
of incubation was determined using an infrared
methane analyzer (Sensor Europe GmbH, Erkrath,
Germany) (Goel et al., 2008) based on the fol-
lowing equation:

Methane production (mL) = Total gas production
(mL) X Percentage of methane (%) 3)

The data obtained in the current experiment
were first subjected to Levene’s test to determine
the variance of homogeneity. The effects of the
species on the chemical composition, gas produc-
tion, methane production, ME and OMD of tree
leaves were determined using one-way analysis
of variance (ANOVA). Tukey’s multiple range
test was employed to identify the significance
between means. Mean differences were considered
significant at P<0.05.

Results and discussion

The effect of species on the chemical composition
of tree leaves is given in Table 1. Species had a
significant effect on the chemical composition.

The crude ash content of the tree leaves ranged
from 4.42 to 9.44%. The crude ash content of L.
orientalis was significantly higher than that of
L. nobilis but lower than that of £. globulus. The

crude protein content of the tree leaves ranged
from 9.11 to 12.85%. The crude protein of L. ori-
entalis was similar to that of L. nobilis but lower
than that of £. globulus. All tree leaves involved
in this experiment contained enough CP to meet
the minimum crude protein requirement (8% of
DM) for optimal microbial function. However,
high levels of condensed tannins in L. nobilis and
L. orientalis may hinder the protein utilization.
Kumar and Singh (1984) suggested that protein
digestibility can decrease due to high levels of
condensed tannins, which combine with proteins,
resulting in a less-digestible complex.

The neutral detergent fiber content of the tree
leaves ranged from 32.76 to 49.31%. The NDF
content of L. orientalis was significantly higher
than that of E. globulus but lower than that of’
L. nobilis. On the other hand, the ADF content
of the tree leaves ranged from 22.49 to 35.85%.
The acid detergent fiber content of L. orientalis
was similar to that of E. globulus but lower than
that of L. nobilis.

The ether extract content of the tree leaves ranged
from 4.33 to 11.15%. The ether extract content of
L. orientalis was significantly lower than that of
L. nobilis and E. globulus. 1t is well known that
the energy value of fat is higher than that of car-
bohydrates and protein in feedstuffs. Therefore,
the contribution of fat to the energy value of L.

Table 1. The effect of species on the chemical composition of tree leaves.

Tree species

Parameters L. nobilis L. orientalis E. globulus SEM SiE
DM 39.37a 36.61b 39.77a 0.426 ok
CA 4.42¢ 6.82b 9.44a 0.133 ok
Cp 9.26b 9.11b 12.85a 0.184 ok
NDF 49.31a 38.57b 32.76¢ 1.046 ok
ADF 35.85a 22.49b 23.37b 1.399 ok
EE 9.44b 4.33¢ 11.15a 0.439 ok
CT 7.58a 9.29a 1.55b 0.585 ok

ab ¢ Row means with common superscripts do not differ (P<0.05); SEM — standard error mean; Sig — significance
level; DM — Dry matter (% of fresh), CA: crude ash (% of DM), CP — Crude protein (% of DM), NDF — Neutral
detergent fiber (% of DM), ADF — Acid detergent fiber (% of DM), EE: Ether extract (% of DM), CT — Condensed

tannin (% of DM), *** P<0.001.
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nobilis and E. globulus would be higher due to
the high EE content compared with that of L.
orientalis leaves.

The condensed tannin content of the tree leaves
ranged from 1.55 to 9.29%. The condensed tan-
nin content of L. orientalis was similar to that
of L. nobilis but higher than that of E. globules.
Schofield et al. (2001) indicated that the effect
of CTs on the digestibility of nutrients and per-
formance in an animal depends on the amount
and biological activity of the condensed tannins.
Although low levels of CTs have positive effects
on the digestibility of nutrients and performance
in animals, high levels of CTs (5% of DM) lead to
decreases in protein utilization due to excessive
formation of tannin-protein complexes (Kumar
and Singh, 1984). Therefore, care must be taken
when the leaves of L. orientalis and L. nobilis
are incorporated into ruminant diets since the
CT contents of L. orientalis and L. nobilis leaves
were higher than that considered detrimental
to ruminant animals. On the other hand, in the
current experiment, the condensed tannin con-
centration of E. globules leaves was lower than
that considered detrimental to ruminant animals.

The effect of species on the gas production, meth-
ane production, metabolizable energy and organic
matter digestibility of the tree leaves is given in
Table 2. Species had a significant effect on gas
production, methane production, metabolizable
energy and the organic matter digestibility of

Table 2. The effect of species on the gas production,
matter digestibility of tree leaves.
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tree leaves. Gas production of L. orientalis was
significantly higher than that of L. nobilis but lower
than that of £. globulus. Methane production (mL
or %) of L. orientalis was significantly lower than
that of L. nobilis and E. globulus. Metabolizable
energy of L. orientalis was significantly lower
than that of L. nobilis and E. globulus. On the
other hand, the organic matter digestibility of L.
orientalis was significantly lower than that of £.
globulus but higher than that of L. nobilis.

In terms of the methane reduction potential,
feedstuffs can be classified into three groups,
namely, low potential (% methane in gas between
11 and 14%), moderate potential (% methane in
gas between 6 and 11%), and high potential (%
methane in gas between 0 and 6%), based on
the percentage of the methane content in the gas
produced in vitro after 24 h (Lopez et al. 2010).
As seen from Table 2, L. nobilis and E. globules
leaves have low potential for methane reduction,
whereas L. orientalis leaves have a moderate
potential for methane reduction.

Correlation coefficients (r) of the relationships
of chemical composition with in vitro methane
production and estimated parameters are given
in Table 3.

Gas production was positively correlated with
CA and CP, whereas gas production was nega-
tively correlated with the cell wall contents (NDF
and ADF) and CT contents of the tree leaves.

methane production, metabolizable energy and organic

Tree species

Parameters

SEM Sig

L. nobilis L. orientalis E. globulus
GP (ml) 21.72¢ 24.87b 31.54a 0.412 ok
CH, (ml) 3.11b 2.62¢ 4.41la 0.098 ook
CH, (%) 14.32a 10.56b 13.98a 0.322 ook
ME 7.35b 6.62¢ 9.24a 0.113 ook
OMD 41.23¢ 45.52b 54.84a 0.385 ook

a b ¢ Row means with common superscripts do not

differ (P<0.05); S.E.M. — standard error mean; Sig. —

significance level; GP: Gas production (ml), CH,— Methane emission (ml or %), ME: Metabolizable energy (MJ
kg' DM), OMD: Organic matter digestibility (%), *** P<0.001.
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Table 3. Correlation coefficient (r) of the relationship of chemical composition with in vitro methane production and estimated

parameters.
Parameters DM CA CP NDF ADF EE CT
GP 0.319NS 0.975%*%* 0.928%** -0.909%** -0.690%* 0.431INS -0.853%%*
CH, (ml) 0.763%* 0.717%* 0.969%** -0.552NS -0.174NS 0.847*** -0.974%%*
CH, (%) 0.916%** -0.054NS 0.458NS 0.252NS 0.624NS 0.918%** -0572NS
ME 0.753%%* 0.713%* 0.964%** -0.552NS -0.185NS 0.864%** -0988***
OMD 0.319NS 0.979%** 0.935%** -0.909%** -0.685%* 0.438NS -0.855%**

DM - Dry matter (% of fresh), CA: crude ash (% of DM), CP — Crude protein (% of DM), NDF — Neutral detergent fiber (%
of DM), ADF — Acid detergent fiber (% of DM), EE: Ether extract (% of DM), CT — Condensed tannin (% of DM), GP: Gas
production (ml), CH, — Methane emission (ml or %), ME: Metabolizable energy (MJ kg' DM), OMD: Organic matter digestibility

(%), NS: Not significant, *** P<0.001, ** P<0.01, * P<0.05

This result is consistent with that of Gemeda
et al. (2015). Metabolizable energy content was
positively correlated with DM, CA, CP and EE
but negatively correlated with the CT contents
of the tree leaves. This result is consistent with
Gemeda et al. (2015). Organic matter digestibility
was positively correlated with CA and CP but
negatively correlated with the cell wall contents
and CT contents of the tree leaves. This result is
also consistent with that of Gemeda et al. (2015).
As shown in Tables 1 and 2, the gas production,
OMD and ME of E. globules leaves were sig-
nificantly higher than those of L. nobilis and L.
orientalis leaves since the NDF and CT contents
of E. globules leaves were lower than those of L.
nobilis and L. orientalis leaves.

The cell wall contents and condensed tannin
contents are very important factors affecting
the nutritive value of feedstuffs. These factors
are negatively correlated with nutritive value
parameters of feedstuffs such as digestibility
and metabolizable energy. It is well documented
that cell wall contents (NDF and ADF) and con-
densed tannin content vary with the phenological
stage of plants and increase at the expense of
fermentable fractions with increasing maturity.
As a result, gas production, organic matter
digestibility and metabolizable energy values
decrease with increasing maturity (Kamalak
et al., 2011).

Purcell et al. (2011) showed that methane pro-
duction per gram of incubated DM decreased

with increasing maturity due to the increase of
less-digestible NDF content of plants but also
showed that methane production per gram of
DM digested increased with increasing maturity,
since fermentation of fibrous carbohydrates results
in higher methane production than non-fibrous
carbohydrates (Johnson and Johnson, 1995). It
is likely that feedstuffs with high gas production
and digestibility have high methane production
per gram of DM incubated (Durmic ef al., 2010;
Njidda and Nasiru, 2010; Jayanegara et al., 2011).
As shown in Table 2, E. globules had a higher
gas production and organic matter digestibility
than L. nobilis and L. orientalis. Therefore, it was
expected that higher methane production (mL)
per 0.200 g of incubated DM from E. globules
was obtained compared with that of L. nobilis
and L. orientalis.

Methane production (mL) was positively corre-
lated with DM, CA, CP and EE, whereas methane
production (mL) was negatively correlated with
the CT content of the tree leaves.

Methane production (%) was positively cor-
related with the DM and EE contents of the tree
leaves. Recently, some researchers have shown
that supplementation of tree leaves containing
tannins mitigates enteric methane emissions
either directly by inhibition of methanogenesis or
indirectly through inhibition of protozoa (Animut
et al., 2008; Hristov et al., 2013). The current
experiment also showed that the in vitro gas
production technique is a very effective method
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for determining the anti-methanogenic potential
of tree leaves.

The main conclusions are as described as follows.
It is likely that leaves of L. orientalis will be more

effective for methane mitigation in ruminant
animals than E. globules and L. nobilis leaves.
However, the effects of the leaves of L. orientalis
on animal production should be tested in vivo to

prior to large-scale implementation.

Resumen

L. Ulger, A. Kamalak, O. Kurt, E. Kaya, I. Guven. 2017. Comparacién de la composicion
quimica y el potencial anti-metanogénico de las hojas de Liguidambar orientalis con hojas
de Laurus nobilis y Eucalyptus globulus utilizando la técnica de produccion de gas in vitro.
Cien. Inv. Agr. 44(1): 75-82. El objetivo del presente estudio fue comparar las hojas de
Liquidambar orientalis con las hojas de Laurus nobilis y Eucalyptus globulus en cuanto a su
composicion quimica y potencial anti-metanogénico utilizando una técnica de produccion de
gas in vitro. Las especies tuvieron un efecto significativo sobre la composicion quimica, la
produccion de gas, la produccion de metano, la energia metabolizable y la digestibilidad de la
materia organica de las hojas de los arboles. El contenido de proteina en bruto (PB), fibra en
detergente neutro (FDN), fibra en detergente acido (FDA) y contenido en tanino condensado (TC)
de las hojas de los arboles oscild entre 9,11 a 12,8; 22,49 a 35,85; 32,76 a 49,31y 1,552 9,29%,
respectivamente. La produccion de gas, la produccion de metano, la energia metabolizable
(EM) y la digestibilidad de materia organica (DMO) oscilaron entre 21,72 a 31,54 mL; 2,62 a
4,41 mL; 6,62 a 9,24 MJ kg! de materia seca y 41,23 a 54,84% respectivamente. Es probable
que las hojas de L. orientalis sean mas efectivas para la mitigacion del metano en animales
rumiantes que las de E. globules o L. nobilis. Sin embargo, antes de la aplicacion generalizada,
el efecto de las hojas de L. orientalis en la produccion animal debe ser probado in vivo.

Palabras clave: Composicion quimica, digestibilidad, energia metabolizable, hojas de L.

orientalis, potencial anti-metanogénico.
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