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Usability of Gazelle Form Beech Tree (Fagus Orientalis L.) leaves as an
alternative roughage source in dairy cattle: using in vitro gas production method
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ABSTRACT :An evaluation was conducted to determine whether beech tree leaves can be used as an alternative
forage source for dairy cattle in TMR rations and their anti-methanogenic properties. The TMR rations were altered
by substituting 0, 25, 50, 75, and 100% of gazelle from beech leaf for dry meadow grass. As a result, significant
differences were found between experimental groups in terms of estimated parameters, total gas, dry matter, organic
matter, NDF, ADF, protein digestion values, TUFA, acetic, propionic, and butyric acid values (P<0.05). As a result of
substituting beech leaves for the entire dry meadow grass, in vitro TDMD, MPP, MPSE, and TDD values improved and
decreased propionic and butyric acid levels. Using beech leaves as a roughage source reduced in vitro methane produc-
tion numerically. Therefore, it was concluded that tree leaves in the form of gazelle can be used as a source of roughage
in dairy cattle TMR instead of the whole dry meadow grass, and further studies are needed to clarify this issue.
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INTRODUCTION

uman population growth, climate change, and

droughts have resulted in a decrease in the area
of land used to grow forage crops for ruminant ani-
mals (Yavuz et al., 2020). The forage crops, mead-
ows, and pastures produced do not adequately satisfy
ruminant animals’ nutritional requirements. As a first
step towards achieving sustainable animal produc-
tion, quality forage must be provided at a lower price
(Bigakgr and Agikbas, 2018). Nevertheless, finding
alternative food sources has become necessary due to
competition between some feed sources and human
food (Eslampeivand et al., 2022). Also, semi-arid and
arid regions produce the least feed in the summer sea-
son because of climate and ecological conditions, and
the increasing greenhouse gases in recent years have
contributed to global warming and climate change,
resulting in an increase in drought periods and areas
(Mlambo and Mapiye, 2015). This situation causes
livestock grazing restrictions. As trees and shrubs
have deep root systems, they can maintain the nutri-
tional quality of their leaves during these periods of
drought. In many places where grazing is problemat-
ic, the leaves of trees and shrubs play a vital role in
meeting the vital activities and nutrients required for
the productivity of ruminant animals, especially small
ruminants, and are very important for feeding rumi-
nant animals throughout the year (Yusuf et al., 2023;
Papachristou and Nastis, 1996; Paterson et al., 1998).
In general, tree and shrub leaves are not considered
as feed that can completely replace roughage used in
ruminant animals’ nutrition. This is due to their lower
methane production and nutritional value to than nor-
mal meadows and pastures. In addition, tree and shrub
leaves are used to feed ruminant animals in places and
times where pasture is inadequate. Some recent stud-
ies have shown that the use of tree and shrub leaves in
ruminant ration improves feed consumption, degree
of digestion, and rumen fermentation (Raghuvansi et
al., 2007), reduces enteric methane production (Soli-
va et al., 2008), and stabilizes the ecosystem and pro-
vides fodder for animals in dry periods and salty soils
(El Shaer, 2020). Bhatta et al. (2002) emphasized that
tree leaves are less costly than other feeds because
they can be used throughout all four seasons, and that
they play a crucial role in animal production conti-
nuity. Using the nutrient composition of beech tree
leaves as a basis for their study, Ozdemir and Kaya
(2020) found that crude protein, ether extract, NDF,
and ADF, and condensed tannin, respectively, were
6.25,3.85,38.22,24.99, and 1.38%. It is reported that

tree leaves reduce methane emissions in ruminants
due to their higher nutritional content than some for-
ages (Ozkan et al., 2020). Deuri et al. (2020) found
that Bauhinia leaves supplementation significantly re-
duced enteric methane production. A study published
in 2020 found that sainfoin (Onobrychis viciifolia
Scop) and/or hazelnut (Corylus avellana L.) reduce
rumen fermentation, methane production, and protein
degradation in ruminants (Niderkorn et al., 2020).
The minerals in tree leaves are superior to those in
grasses (e.g. hay), which is why tree and shrub leaves
are important sources of minerals for animals and ru-
men microbes (Leng, 1997).

The secondary compounds present in tree and shrub
leaves that have antinutritional properties limit their
use in ruminant feeding. Several studies have report-
ed that secondary compounds found in tree and shrub
leaves have antinutritional effects (Seidavi et al., 2020;
Ku-Vera et al., 2020). However, it has been reported
that the use of tree and shrub leaves or secondary com-
pounds in appropriate doses in ruminant rations pro-
vides benefits similar to those obtained from commer-
cial feed additives. For example, it has been reported
that adding tree and shrub leaves containing secondary
compounds such as tannins, saponins, flavonoids and
essential oils, alone or mixed, to ruminant rations re-
duces methane production and energy losses, prevents
excessive breakdown of proteins, increases microbial
protein synthesis and prevents excessive gas formation
in the rumen (Palangi and Lackner, 2022; Kamra et al.,
2006; Wina et al., 2005).

In Turkey, beech trees make up 11.3% of the forest
population, but there is little literature on their nutri-
ent composition. As part of this study, which aimed
at reducing the roughage deficit of ruminants and de-
termining whether these tree leaves were usable as an
alternative feed to roughages used in ruminant rations
as well as their anti-methanogenic properties, we ex-
amined the chemical composition, in vitro production
of total gas (GP) and methane (M) and volatile fatty
acids (VFA) of gazelle-shaped beech tree leaves.

MATERIALS AND METHODS

No animals were involved in this study, nor were
they used for experimentation or tissue collection.
Therefore, the ethics committee’s approval was not
required.

MATERIALS
Atatlirk University Food and Livestock Research
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and Application Center provided the feed raw mate-
rials (dry meadow grass, alfalfa hay, corn silage, and
commercial concentrated feed) for the study. The
leaves of gazelle from beech trees (Fagus Orienta-
lis L.) were collected between September and Octo-
ber from at least 10 trees that are adapted to growing
in the same region within Erzurum province’s cen-
tral district. The rumen fluid used in the in vitro gas
production techniq-ue was taken from the rumen of
three animals (7-year-old female Brown Swiss) that
had completed their rumen development and were
slaughtered in the Erzurum Meat and Milk Institution
slaughterhouse, according to the method reported by
Palangi et al. (2022) and transported to the laboratory.

METHODS
After the feed raw materials and beech tree leaves
used in dairy cattle TMR were dried, they were

ground to pass through a 1 mm sieve and used in the
analyses. Dry matter, organic matter, crude protein,
ether extract, crude ash, and nitrogen-free extract
analyses of the dried and ground feed samples and
the prepared trial group TMR are determined accord-
ing to the Weende analysis system. Crude cellulose is
analyzed according to the method reported by AOAC
(1990), neutral detergent fiber (NDF), acid detergent
fiber (ADF), and acid detergent lignin (ADL) con-
tents, which constitute the cell wall components of
the feeds, according to the method reported by Van
Soest. et al. (1991) using an ANKOM 200 Fiber An-
alyzer (ANKOM Technology Corp. Fairport, NY,
USA). Condensed tannin analysis was done with the
Butanol-HCI method (Canbolat, 2019). The chemical
composition of the feed raw materials used in dairy
cattle TMR was determined and beech tree leaves in
gazelle form were included in the total mixed rations

Table 1. Chemical composition of beech tree leaves and feed raw materials used in dairy cattle TMR (% in DM)

Chemical Alfalfa hay Dry meadow Facory feed Corn silage Beech tree leaves
composition (%) grass

DM 94.10 93.35 94.08 96.21 93.63
CA 9.28 6.76 6.79 7.43 19.29
CP 17.04 11.70 21.75 13.04 9.64
EE 2.21 1.83 4.98 3.36 6.63
NDF 62.07 72.29 46.39 61.83 76.37
ADF 38.89 40.30 17.67 33.21 33.17
ADL 10.17 15.22 11.80 11.43 13.88
CF 25.09 30.78 7.80 20.50 27.19
CT - - - - 1.19

DM: Dry matter; CA: Crude ash; CP: Crude protein; EE: Ether extract; NDF: Neutral detergent fiber; ADF: Acid detergent fiber;

ADL: Acid detergent lignin; CF: Crude fiber; CT: Condensed tannin

Table 2. Ingredients and chemical composition of the experimental ration

Ingridient (g/kg) KO K25 K50 K75 K100
Alfalfa hay 22.6 94.8 245.4 359.1 410.6
Dry meadow 200 150 100 50 0
grass

Corn silage 277.1 226.2 133.0 59.7 20
Factory feed (CP 500.3 479 421.6 381.2 369.4
21%)

Fagus Orientalis 0 50 100 150 200
Total 1000 1000 1000 1000 1000
Chemical composition (g/kg DM)

DM 953.1 951.2 944.4 942.1 951.5
CA 69.6 77.3 87.1 95.9 102.1
Cp 170.8 171.1 172.3 172.8 171.1
EE 38.1 39.3 39.2 39.8 40.9
NDF 557.4 563.4 577.6 586.8 584.4
ADF 267.6 271.7 287.0 296.5 294.4
ADL 122.4 120.9 118.6 116.7 114.1
CT - 1.1 1.7 2.3 5.0

JHELLENIC VET MED SOC 2024, 75 (4)
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and were substituted instead of dry meadow grass at
the rates of 0% (KO0), 25% (K25), 50% (K50), 75%
(K75), 100% (K100) and isocaloric and isonitrogenic
trial groups were created (Table 1 and 2).

Application of in vitro gas production technique
Special glass syringes with a volume of 100 ml
were used to determine the in vitro parameters of the
prepared dairy cattle total mixed rations (TMR) with
the gas production technique reported by Menke et
al. (1979). To determine the in vitro gas production
amounts (IVGPR) and other parameters of the pre-
pared TMR groups, the samples (based on dry matter)
weighing approximately 500 mg and ground to pass
through a 1 mm sieve were placed in glass syringes in
4 parallel directions and was placed on them. 40 ml
of buffered rumen fluid (1/2 rumen fluid/buffer solu-
tion) was prepared according to the method reported
by Menke et al. (1979) was transferred. Along with
the feed samples, blank (buffered rumen fluid only)
and Hohenheim grass standards were also incubated
in four replicates. Then, the glass syringes were in-
cubated in a water bath at 399C. The amount of gas
produced in the tubes at the 24th hour of incubation
was determined. The gas values obtained from the
blind trial were subtracted from the gas measure-
ments determined for the feed groups, the net total
gas amounts obtained from the feed samples were
calculated, and the correction coefficient according to
the Hohenheim weed standard was applied to the net
gas values formed in the feed at the end of 24 hours.

An infrared methane analyzer (Sensor Europa
GmbH, Erkrath, Germany model) was used to deter-
mine methane production (Goel et al., 2008). After
reading the total amount of gas obtained for 24 hours
of fermentation in the in vitro gas production tech-
nique, the gas accumulated in the injectors was taken
to the methane analyzer through a special pipe (via
plastic injectors) and the methane ratio in the total gas
was determined.

Organic matter digestion (OMD), metabolic energy
(ME), and Net Energy Lactation (NEL) contents were
calculated according to the formulas below by taking
into account the in vitro gas production amount (GP)
at the 24th hour, crude protein (CP, g’lkg DM), crude
ash (CA, g/lkg DM) and ether extract (EE, g’lkg DM)
contents of samples (Menke and Steingass, 1988).

OMD, %:
0.651*CA

14.88+ 0.8893*GP+ 0.448*CP+

ME, (MJ/kg KM): 0.72+0.1559*GP+0.0068*CP+
0.0249*EE

NEL, (MJkg KM): -0.61+ .1138*GP+

0.0046*CP+ 0.015*EE

Determination of ammonia nitrogen (NH3), pH
and volatile fatty acids

After measuring the pH of the rumen fluid remain-
ing in the syringes at the end of the in vitro gas pro-
duction experiment, NH3 contents were determined
according to Markham’s method (Markham, 1942).
Total volatile fatty acids (TUFA) as well as individual
acetic, propionic, and butyric acids were analyzed by
Wiedmeier et al. (1987). It was determined in a gas
chromatography device (Agilent Technologies 6§90N
gas chromatography, Stabilwax-DA, 30 m, 0.25 mm
ID, 0.25 um df. Max. temp: 260 0C. Cat. 11023) ac-
cording to Wiedmeier et al. (1987) method.

Determination of in vitro digestant and microbial
protein production (MPU)

At the end of the incubation, the total mixed ra-
tions of the trial group; The true digested matter
amount (TDMA), partition factor (PF), microbial
protein production (MP), microbial protein synthesis
efficiency (MPSE), and true digestion degree (TDD)
values were determined according to the method re-
ported by Blummel et al. (1997). The rumen fluid and
feed residue remaining in a 100 ml glass syringe were
placed in beakers with a volume of 250 ml, 75 ml of
the prepared NDF solution was added and boiled on
a hot plate for 1 hour. After 1 hour, water was filtered
through the thrombus in gooch crucibles with a poros-
ity of 1 made of tempered glass material. The cruci-
bles were kept in the oven at 750C for 3-4 hours and
the weight was determined (Blummel et al., 1997).

TDMA = Incubated dry matter (mg) - Remaining
dry matter (mg)

PF = (TDMA / GP)

MP = (TDMA - (2.2 x GP)

MPSE = (MP/TDMA) x 100

TDD= (TDMA/ Incubated dry matter (mg)) x 100

Determination of in vitro true dry matter, NDF,
ADF, protein and organic matter digestibility val-
ues

Ankom Daisy II incubator D 220 device was used

JHELLENIC VET MED SOC 2024, 75 (4)
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to determine the in vitro true nutrient digestibility of
the experimental groups by the filter bag method (Van
Soestetal., 1991). 0.5 g of feed samples were weighed
into tared Ancom F57 bags and incubated for 48 hours
in a Daisy II incubator, 4 parallels. After 48 hours,
all the bags were removed from the glass jars. They
were kept under tap water until clear water flowed,
and dried in an oven at 105 OC until they reached a
constant weight. After weighing the bags taken out of
the oven, in vitro dry matter digestibility (IVDMD)
was calculated by applying the following formula. In
the bags incubated for 48 hours, NDF and ADF con-
tents were assessed on the ANKOM 2000 Fiber Ana-
lyzer device. This was done according to the method
reported by Van Soest et al. (1991), and in vitro, true
NDF (IVTNDFD) and ADF (IVTADFD) digestibility
values were calculated. To determine the in vitro true
organic matter digestibility (IVTOMD) values of the
TMR groups, after incubation, the bags containing the
samples were burned in a muffle furnace at 5500C for
3-4 hours. The weight of the samples delivered at the
end of the incineration process was determined. The
IVTOMD values were determined using the follow-
ing formula.

%IVTD=100 - ((D3-D1)/(D2-D1)*100)
%IVTNDFD=100 - (((D4-D1)/(D2-D1)*100)
%IVTADFD=100-((D5-D1)/(D2-D1)*100)
%IVTOMD=100 - ((D6-D2)/(D7-D8)*100)

Here; D1: Tare of F57 bags, D2: Dry weight of the
ration content, D3: The amount of ration remaining at
the end of incubation, D4: Ration content processed
in NDF solution and dried in the oven in the Ankom
200/220 cellulose analyzer, D5: In ADF solution in
the Ankom 200/220 cellulose analyzer. ration con-

tent processed and dried in the oven, D6: remaining
amount after burning in the 550 °C ash oven, D7: DM
content of the ration content, D8: % organic matter
content of the ration content.

Statistical analysis

The raw values obtained during the experiment
were analyzed in the SPSS 17.0 (1996) package pro-
gram. The differences between the groups’ averages
were determined with the Duncan multiple compar-
ison test.

RESULTS AND DISCUSSION

In vitro gas and methane production and digestion
parameters of the Experimental Groups

The in vitro method developed by Menke et al.
(1979) can be used to assess the digestibility of al-
ternative feeds or total mixed rations that can be
fed to ruminants in a short period, as well as the fi-
nal products of fermentation (NH3, VFA, CH4, etc.)
and their estimated energy values. It is stated that it
will be possible (Algan et al., 2018). An overview
of the experimental groups’ parameters for gas and
methane production and in vitro digestion is shown
in Table 3. At the end of the 24th hour of fermenta-
tion on in vitro conditions, the gas production val-
ues of the experimental group rations in the syringe
at 0.5gr/’kg DM feed were determined to be between
106.49 and 112.02 ml, and the differences between
the groups were found to be significant (p<0.01).
Gas production values of the trial group rations were
higher than the values found by Boga et al. (2020)
and Kaya and Kaya (2021). Methane gas, which is
defined as a by-product and is released as a result of
the fermentation of carbohydrates in the rumen, has a
greenhouse gas effect that is 23-25 times greater than
CO2 gas in the atmosphere (Steinfeld et al., 2006). In

Table 3. In vitro gas and methane production and digestion parameters of the experimental groups

Trial Gas Methane TDMA PF MP MPSE TDD
Groups Production  Production (mg) (mg/ml) (mg) (%) (%)
(ml) m) (%)

KO0 112,02a 20,19 18,02 298,17¢ 2,66¢ 51,73¢ 17,35¢ 61,66¢
K25 111,92a 19,65 17,56 297,10¢ 2,66¢ 50,87¢ 17,03¢ 61,77¢
K50 107,77b 18,54 17,20 314,96b 2,92b 77,86b 24,72b 66,13b
K75 107,91b 17,95 16,65 311,79b 2,89b 74,39b 23,85b 65,97b
K100 106,49b 17,63 16,54 329.89a 3,10a 95,62a 28.96a 68,65a

SEM 2,64 1,56 1,19 13,60 0,01 18,70 5,05 2,98
P 0,001 0,202 0,577 0,000 0,000 0,000 0,000 0,000

a-c: means within the column with unlike superscript differ significantly (P<0.05). TDMA: true digested matter amount, PF: Partition
factor, MP: Microbial protein production, MPSE: Microbial protein synthesis efficiency, TDD: true digestion degree, SEM: standard

error of means

JHELLENIC VET MED SOC 2024, 75 (4)
TIEKE 2024, 75 (4)



8330

A. KAYA (ADEM), A. KAYA (ALI), H. KAYA, M. MACIT, V. PALANGI

addition, 2-15% of the energy loss of the gross energy
of the feed consumed by ruminants is due to meth-
ane gas (Meale et al., 2012). The amount of methane
gas released in the trial group TKRs as a result of fer-
mentation was determined to be between 17.63 and
20.19 ml, but the differences between the groups were
found to be insignificant (p>0.05). According to the
classification determined by Lopez et al. (Lopez et al.,
2010) for the methane gas values formed in the feed
consumed by ruminants, the feeds are low antimeha-
nogenic (>11% and <14%), medium antimetanogenic
(>6% and <11%) and high anti-methanogenic (>0%
and <6%). They reported that classification could be
made as 0 and <6%). They also stated that prepara-
tion of TMR by considering these classifications can
increase the energy use efficiency in ruminants and
reduce methane gas, which causes global warming.
Enteric methane released during fermentation is not
desired by both environmentalists and nutritionists
because it causes both global warming and energy
loss of feed. Methane rates on in vitro gas measured
from the experimental group ration were found to be
between 16.54-18.02% (p>0.05). Although methane
production detected in the K100 group (16.54%) was
8% less than in the control group (18.02%), this de-
crease was not statistically significant. Differences
between gas, methane, and digestibility values of the
trial group rations arise from the fermentation of ru-
men microorganisms, the amount of degradable sub-
stances contained in the feed, and secondary metab-
olites (Olomonchi et al., 2022). It is emphasized that
when evaluating the feed to be given to ruminants, not
only gas production values should be taken into ac-
count, but also the digestibility parameters should be
taken into account and the ration should be prepared
(Blummel et al., 1997). The true digested dry matter
(TDDM) amounts and digestion degrees (TDD) of
the trial group rations were between 297.10-329.89
mg, and 61.66-68.65%, respectively, and the differ-
ences between the groups were found to be signifi-

cant (p<0.05). According to Blummel et al. (1997),
feeding ratios should range from 2.75 to 4.41 and this
is the factor that determines microbial protein synthe-
sis efficiency. TF values (2.66-3.10) of the trial group
rations were among the values reported by Blummel
et al. (1997) and the differences between the groups
were found to be significant (p <0.05). Jones and
Mangan, (1997) stated that the presence of 10-40 g/kg
DM in the rations of ruminant animals of condensed
grain, called phenolic content, reduces its breakdown
in the rumen by forming a compound with the pro-
tein contained in the feed and increases the bypass
protein efficiency. Ruminant animals meet their pro-
tein needs from bypass protein and microbial protein.
In this context, it is reported that the effectiveness of
microbial protein production and synthesis should be
taken into consideration when determining the value
of feed used in the nutrition of ruminant animals (Van
Soest, 1994). MP and MPSE values of the trial group
rations were found between 50.87-95.62 mg, and
17.03-28.96%, respectively, and the highest MP and
MPSE were detected in the K100 group ration and the
lowest in the K25 group ration. Differences between
groups were found to be significant (p<0.01).

Metabolic energy, net energy and organic matter
digestion degree of the trial groups

As shown in Table 4, the average values and vari-
ance analysis were performed on the metabolic en-
ergy, net energy lactation values, and organic matter
digestion levels of the experimental groups that were
fed gazelle-shaped beech leaves rather than dry mead-
ow grass in dairy cattle TMRs.

Metabolic energy contents of the trial group rations
varied between 7.58-7.92 MJ/kgDM, net energy lac-
tation contents varied between 4.38-4.63 MJ/kgDM,
and organic matter digestibility (OMD) ranged be-
tween 66.61-67.39%. Differences between groups in
terms of metabolic energy and net energy lactation,
excluding organic matter digestion, were significant

Table 4. Metabolic energy, net energy, and organic matter digestion degree of the trial group rations

Trial groups ME( mj/kg DM) NEL( mj/’kg DM) OMD (%)

KO 7.928 4.632 66.91
K25 7.918 4.624 67.39
K50 7.66b 4.43b 66.61
K75 7.67b 4.44b 67.25
K100 7.58b 4.38b 67.07
SEM 0.16 0.04 0.54

p 0.001 0.001 0.475

a-b: means within column with unlike superscript differ significantly (P<0.05). SEM: standard error of means; ME: metabolizable

energy, NEL: net energy lactation, OMD: organic matter digestion
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(p <0.05). The highest metabolic energy and net en-
ergy lactation values were observed in the KO group.
Metabolic and net energy lactation values decreased
due to the increase in beech tree leaves in the ration.
The lowest metabolic and net energy lactation values
were observed in the K100 group, with the increase
in beech tree leaves in the diet, NDF, ADF, and CA
contents also increased. The fact that these values are
high in the total mixed ration caused the amount of
degradable substances to decrease and the ME and
NEL values to decrease by limiting rumen microor-
ganism fermentation.

Ammonia-nitrogen (NH3-N), pH and volatile fatty
acid amounts of the trial groups

According to Table 5, ammonia-nitrogen, pH, total
volatile fatty acids, and individual fatty acids detect-
ed in the TMRs of the experimental group at the end
of in vitro incubation are averaged and variance ana-
lyzed. TMRs had pH values between 6.65 and 6.70 at
the end of fermentation, and there was no significant
difference between groups (p>0.05). For microor-
ganisms to thrive in the rumen environment, the pH
level needs to be between 5.5 and 7.0 (Ozel and Sa-
ricigek, 2009). The pH values of the rations for the

trial groups were determined between these values.
We found significant differences between TMRs in
terms of acetic acid (AA), propionic acid (PA), bu-
tyric acid (BA), and total volatile fatty acids (TVFA)
(P<0.01). Based on the TMR trial groups, the highest
TVFA values were observed in KO (127.74 mmol/It)
and the lowest in K75 (117.50 mmol/It). According
to the results, acetic acid levels ranged from 85.82-
94.35 mmol/L, propionic acid levels ranged from
14.36-19.75 mmol/L, and butyric acid levels ranged
from 16.05-17.63 mmol/L. TVFA (mmol/It) determi-
nation showed that the highest PA and BA production
occurred in the K25 group, while the highest AA pro-
duction occurred in the K100 group. Among volatile
fatty acids such as acetic, propionic, and butyric acid,
the composition of the total mixed ration may affect
their formation (Kili¢ and Sarigigek, 2006).

In vitro true DM, NDF, ADF, Protein and OM di-
gestibility values

Since the in vivo digestion technique is a labor-in-
tensive, costly, and time-consuming technique, the
Dasiy incubator technique was developed as an alter-
native method that can provide us with information
about the real digestion values of feed raw materi-

Table 5. Average ammonia-nitrogen, pH, and volatile fatty acid contents of the experimental groups

Trial pH NH3 TVFA AA PA BA AA PA BA
Groups (mg/lt)  (mmol/lt) (mmol/It) (mmol/lt) (mmol/lt) (%) (%) (%)
KO 6.67 557.67  127.740 92523 17690 17290  7243bc  13853D 13540
K25 6.66 55133 130982 93.138b 19752 17.638  71.10° 15.082 13.46b
K50 6.65 54833  12321¢  90.02b  16.03¢  16.99¢  73.05>  13.02b  13.803b
K75 6.70 55933 117.50d  8s5.82¢  14.72¢d 16684  73.020  12.53bc 14212
K100 6.70 56333 125.06P¢ 94352 14364 16.05¢ 75442 11.49¢ 12.84¢
SEM 0.03 10.66 4.92 3.65 2.19 0.57 1.64 1.41 0.51
P 0.195 0.465 0.000 0.006 0.000 0.000 0.000 0.000 0.000
a-e: means within column with unlike superscript differ significantly (p < 0.05). SEM: standard error of means;
AA: acetic acid; PA: propionic acid; BA: butyric acid; TVFA: total volatile fatty acids.
Table 6. True DM, NDF, ADF, Protein, and Organic matter digestion parameters of the experimental groups
Trial groups IVITDMD IVINDFD IVTADFD IVTPD IVOMD
(%) (%) (%) (%) (%)
KO 44,840 63,46€ 78,210 40,382 92,79¢€
K25 44,64b 63,63¢ 78,72b 13,47¢ 93,40d
K50 47,728 68,010 80,252 20,08 94,25¢
K75 48,182 67,94b 78,570 21,74b 94,65b
K100 46,973 70,172 80,572 21,71b 95,163
SEM 1,71 2,89 1,17 9,54 0,89
p 0,002 0,000 0,008 0,000 0,000

a-e: means within the column with unlike superscript differ significantly (P<0.01). SEM: standard error of means; IVTDMD: True
dry matter digestion, IVTNDFD: true neutral detergent fiber digestion, IVTADFD: true acid detergent fiber digestion, [IVTPD: true

protein digestion, [IVTOMD: true organic matter digestion
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als or TMRs in a short time (Tassone et al., 2020).
According to Table 6, DM, NDF, ADF, protein, and
organic matter digestion parameters were determined
for each group. In vitro true dry matter (IVTDMD),
NDF (IVINDFD), ADF (IVTADFD), protein (IVT-
PD), and organic matter (IVOMD) digestion values
of the trial TMRSs varied between 44.64-48.18, 63.46-
70.17, 78.21-80.57, 13.47-40.38 and 92.79-95.16%
respectively. The differences between the groups in
terms of the parameters in question were significant
(p <0.01).

CONCLUSIONS

Accordingly, the current study concluded beech
tree leaves can be used as an alternative feed for rumi-
nants in arid regions without adequate roughage in ru-
minant rations. The results obtained should be backed
up by in vivo research, since such tree leaves contain
phytochemicals, and should be included in the ration

according to their phytochemical content.
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