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Abstract: The aim of this study was to determine the anesthetic efficacy of dexmedetomidine and ketamine alone and
dexmedetomidine-ketamine combination and the effects of a2 adrenergic reversal atipamezole in domestic pigeons
(Columba livia). In DX group, dexmedetomidine (80 pg/kg), in K group, ketamine (100 mg/kg) alone, in DXK group,
dexmedetomidine (40 ug/kg) and ketamine (50 mg/kg) consecutively were administered intramuscularly (IM). Anesthet-
ic depth and cardiopulmonary symptoms were monitored starting from the pre-injection moment (T0) till the 60" minute
(T60). At T60, atipamezole at a dosage 4 times that of dexmedetomidine was injected intramuscularly to the DX group
(320 pg/kg) and the DXK group (160 ug/kg). In the DX group, only minimal sedation, bradycardia, and a sudden drop in
respiratory rate were seen (P<0.05). The cardiopulmonary parameter values in the DXK group were affected to a less-
er extent compared to the DK group. In the DXK group, 22.47+0.64 minutes after atipamezole injection, all pigeons
were on their feet. As a result, it was concluded that dexmedetomidine (80 ug/kg) alone should not be used in pigeons,
and if it is needed to be used, cardiopulmonary parameters should be carefully monitored peri-anesthetically. Dexme-
detomidine (40 pg/kg) and ketamine (50 mg/kg) can be used in clinical practices that require a moderate level of anes-
thesia. Atipamezole can safely be used at 4 times the dosage of dexmedetomidine in pigeons.

Keywords: Atipamezole, dexmedetomidine, ketamine, pigeon

Evcil Giivercinlerde Deksmedetomidin ve Deksmedetomidin-Ketamin Kombinasyonunun Anestezik Ozel-
likleri ile Reversal Bir Ajan Olarak Atipamezoliin Degerlendirilmesi

Oz: Bu galismanin amaci evcil giivercinlerde (Columba livia) deksmedetomidin ve ketaminin tek basina ve deksme-
detomidin-ketamin kombinasyonunun anestezik etkinligini ve a2 adrenerjik antagonisti atipamezolin etkilerini belir-
lemektir. DX grubuna deksmedetomidin (80 pg/kg), K grubuna ketamin (100 mg/kg) tek basina, DXK grubuna ise deks-
medetomidin (40 pg/kg) ve ketamin (50 mg/kg) art arda kasigi (IM) yolla uygulandi. Anestezi derinligi ile kardiyopulmo-
ner bulgular enjeksiyon éncesinden (T0) 60. dakikaya (T60) kadar izlendi. T60'da IM yolla atipamezol, deksmedetomi-
dinin 4 kati dozda DX (320 pg/kg) ve DXK gruplarina (160 pg/kg) enjekte edildi. DX grubundaki glvercinlerde yalnizca
minimal seviyede sedasyon ile bradikardi ve solunum sayisinda ani dusme goruldu (P<0.05). DXK grubunda kardiyo-
pulmoner degerler DX grubuna gore daha az etkilendi. DXK grubunda atipamezol enjeksiyonundan 22.47+0.64 dk
sonra tim givercinler ayaktaydi. Sonug olarak deksmedetomidin (80 ug/kg) glivercinlerde tek basina kullaniimamali,
kullanim mecburiyetinde kardiyopulmoner parametreler perianestezik olarak dikkatle takip edilmelidir. Deksmedetomi-
din (40 pg/kg) ve ketamin (50 mg/kg) orta seviyede anestezi gerektiren klinik uygulamalarda kullanilabilir. Atipamezol
glvercinlerde deksmedetomidinin dort kati dozda gtivenle kullanilabilir.
Anahtar kelimeler: Atipamezol, deksmedetomidin, gtivercin, ketamin

Introduction and especially in stereotaxic surgery (Baek et al.,
) o . 2020; Martel et al., 2021). According to data on the
Pigeon breeding is a hobby and a cultural tradition use of animals for scientific purposes in EU countries,
(Jerolmack, 2007). Pigeons are still used in laborato- among the 9,388,162 animals used in scientific re-
ry studies by veterinary students, in investigations of  search in 2017, avian species constituted 6% (EC,
neurobiological and neuroendocrine mechanisms, 2019). Surgical interventions in both clinics and sci-
entific studies increase the importance of anesthesia

Gelis Tarihi/Submission Date :03.08.2023 in pigeons.
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any additional drugs to ensure fast recovery and
avoid potential negative effects of additional drugs.
However, although isoflurane and sevoflurane cause
loss of consciousness, their effect on the perception
of pain stemming from the neural processing of pain
stimulants is very little to none. In recent years, inject-
able anesthetics obtained by adding low doses of
dissociative anesthetics to analgesics, tranquilizers,
or sedative agents have been used as part of a bal-
anced anesthesia protocol (Hawkins and Paul-
Murphy, 2011; Heard, 2016; Lichtenberger and Len-
nox, 2016; Sandmeier, 2000). Sedative agents con-
stitute a useful alternative to reduce physiological
stress in avian species in which painless clinical pro-
cedures are applied, and with the use of safe and
effective sedative agents, they provide significant
benefits to veterinarians and staff (Doss and Mans,
2021; Lennox, 2001; Mans, 2017).

Injectable anesthetics have prominent advantages,
such as ease of use, low cost, fast induction, no re-
quirement of expensive equipment, usability under
field conditions, and the availability of specific rever-
sal agents to shorten the recovery period (Ludders,
2015). Among injectable anesthetics, ketamine,
which is a dissociative anesthetic, and ketamine com-
binations are frequently used as inductive agents
(Hawkins and Pascoe, 2007). Regarding anesthetic
depth, although ketamine is used in high doses, it
has been reported that it cannot produce a deep level
of anesthesia (Gunkel and Lafortune, 2005). Combi-
nations of ketamine alpha 2 (a2) with adrenergic ago-
nists (xylazine, detomidine, medetomidine) have long
been used in clinical practice to induce muscle relax-
ation, reduce the dose of the inductive agent, and
ensure immobility for a longer duration. In addition to
providing analgesia, o, adrenergic agonists also re-
duce the need for inhalant anesthetics. On the other
hand, they have certain negative effects such as po-
tential cardiopulmonary depression. Dexmedetomi-
dine, which has strong sedative and analgesic prop-
erties, is the dextro-isomer of medetomidine, and it
bonds with a, adrenergic receptors more potently and
selectively than xylazine or detomidine. Dexme-
detomidine, which is approximately 1.6 times as
strong as medetomidine, is widely used for premedi-
cation as a part of balanced anesthesia in veterinary
clinic applications for treatments of small animals
(Atalan et al., 2002; Gunkel and Lafortune, 2005;
Heard, 2016; Pan, 2021). In the sedation of small
animals, atipamezole, which is a specific a, reversal
agent for dexmedetomidine, is recommended to be
used at doses three times as high as those of dexme-
detomidine, and it has been reported that its use may
cause vomiting, hypersalivation, diarrhea, and trem-
ors (Antisedan, 2022). Research on the dosage of
atipamezole as a reversal agent for dexmedetomi-
dine in pigeons is continuing (Hornak et al., 2014).

There have been few studies on the sedative/
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analgesic effects of dexmedetomidine, which is a
reltively new a, adrenergic agonist producing strong
analgesia in pigeons, the effect duration of atipame-
zole, which is a specific reversal agent for a, adrener-
gic agonists, and its effect on recovery. Hence, in this
study, it was aimed to determine the clinical, reflex-
related, and cardiopulmonary effects of dexme-
detomidine alone and in combination with ketamine in
pigeons and evaluate the effects of atipamezole used
at doses 4 times as high as the dose of dexme-
detomidine, dexmedetomidine alone, and dexme-
detomidine-ketamine combined on the anesthesia
and recovery processes.

Materials and Methods

This study was conducted with the ethical approval of
the Harran University Animal Experiments Local Eth-
ics Committee dated 11.02.2020 and numbered
2020/001/03 at Harran University Animal Experi-
ments Application and Research Center.

The study included 30 healthy adult pigeons aged
between 12 and 24 months with a mean weight of
413+73.77 g. Fifteen days before starting the study,
the pigeons were procured from a local business and
placed in three separate stainless-steel cages at di-
mensions of 480x240x180 cm in groups of 10 in the
avian species unit of the Animal Experiments Re-
search Center in a quiet and stress-free setting. Clini-
cal examinations of all pigeons were performed, and
their respiratory and heart rates, body temperatures,
and various physical reflexes were checked. They
were kept at a standard room temperature (25°C)
and fed ad libitum with water and feed. To prevent
any potential adversities that could be caused by the
behaviors of different people, the daily needs of the
pigeons were met by the same person. The pigeons
were observed in terms of eating, drinking, and unu-
sual behaviors in the process before the implementa-
tion of the study.

Prior to anesthesia, all pigeons were weighed, and
their general health examinations were performed.
One hour before injecting drugs, their water and feed
consumption was stopped.

To minimize potential stress, the pigeons were left in
the experimental environment for about 10 minutes
after they were moved from their cages to the afore-
mentioned environment. The data recorded 15
minutes before the first injections were accepted as
initial values (TO0). Clinical symptoms, reflex scores,
and cardiopulmonary findings observed before and
during anesthesia were recorded in the anesthesia
data form that was previously prepared. Only three
pigeons per day (one at a time) were exposed to an-
esthesia. In the study, each pigeon was used only
once.
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Anesthesia protocol

All pigeons were randomly assigned to three groups.
The pigeons in the DX group were administered dex-
medetomidine at a dosage of 80 ug/kg (Sedadomid®
200 mcg/2 ml, Kocak Farma, Tekirdag, Turkey), the
pigeons in the K group were injected ketamine at a
dosage of 100 mg/kg (Ketasol % 10® 10 ml, Richter
Pharma, Wels, Austria), and the pigeons in the DXK
group were administered dexmedetomidine at a dos-
age of 40 pg/kg and ketamine at a dosage of 50 mg/
kg consecutively. The dexmedetomidine in the DX
group and the ketamine in the K group were slowly
injected to the M. pectoralis unilaterally, while the
dexmedetomidine and ketamine in DXK group were
consecutively and bilaterally injected to the M. pecto-
ralis by using an insulin syringe (30 gauge). Atipame-
zole, which is an a, adrenergic reversal agent,
(Antisedan® 10 ml, 5 mg/ml, Orion Pharma, Espoo,
Finland) was slowly administered to the DX (320 pg/
kg) and DXK (160 ug/kg) groups at the 60™ minute
(T60) through the same muscle group at a dosage 4
times as high as the dosage of dexmedetomidine.
Although dexmedetomidine is a pre-anesthetic with
sedative effects, it was used under the category of
anesthetics in this study.

Reflexes

To evaluate anesthetic depth, reflexes were scored
according to the reflex evaluation scoring system
reported by Korbel (AVA, 2004; Korbel, 1998). In the
evaluation of findings related to reflexes, eyelid open-
ing, palpebral reflex, pupillary dilatation, pupillary
reflex, corneal reflex, head position, neck tone, leg
tone, pectoral reflex, wing withdrawal reflex, interpha-
langeal reflex, and cloacal reflex values were used.
(Table 1). All reflexes were observed by the same
person who did not know about the drug group that
was injected.

Total scores (TS) of 27-29 were classified as a full
consciousness state, a score of 24 was categorized
as the initiation of sedation, scores of 18-24 were
categorized as minimal anesthesia, scores of 14-18
were categorized as mild anesthesia, scores of 5-13
were categorized as moderate anesthesia, and
scores of 2-4 were categorized as deep anesthesia
(AVA, 2004; Hornak et al.,, 2014; Korbel, 1998;
Sandmeier, 2000).

Reflexes were checked in all groups 15 minutes be-
fore anesthetic injection (T0) and at the 5™ (T5), 10"
(T10), 15™ (T15), 20™ (T20), 25" (T25), 30" (T30),
40™ (T40), 50" (T50), and 60" (T60) minutes of injec-
tion. Atipamezole was injected in the DX and DXK
groups immediately after reflex scoring was complet-
ed at T60. At the 5™ (AT5), 10" (AT10), and 20™
(AT20) minutes after atipamezole injection, reflex
scoring was continued, and the scores were record-
ed. No injection was administered to the pigeons in
the K group at T60.

Unal YAVUZ
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Table 1. Reflex scoring table used to determine anesthesia levels (AVA, 2004; Korbel, 1998)

Parameter Reflex Score (Point) Stimulation and Evaluation of Reflexes
Eyelid 0: Eyelid closed; 1: Eyelid partially It was assumed that as the anesthetic depth in-
opening closed; 2: Eyelid open creased, the opening of the eyelids was closed
Palpebral 0: No reflex; 1: Reflex without head Evaluated by touching the eyelid border in medial
reflex movements; 2: Reflex with head move- cantus with a dry cotton swab
ments
Pupillary 0: Mydriasis; 1: Pupillary openness 50- Relative widening of the pupil. It was assumed that as
dilatation 75%; 2: Miosis anesthesia deepened, pupils would gradually widen
Pupillary 0: No reflex; 1: Delayed reflex; 2: Phys- Holding a source of light from 0.5 cm into the eye, the
reflex iological rate and degree of pupillary reflex were evaluated
Corneal 0: No reflex; 1: Delayed reflex; full clo- Holding the eyelid open, reaction of nictitating mem-
reflex sure of nictitating membrane; 2: De- brane at the peripheral contact of cornea was ob-
layed reflex; partial closure of nictitat- served by using a dry, sterile swab
ing membrane; 3: Physiological reflex
Head 1: Loose sagging; 2: Light elevation; 3:  Sensitivity was evaluated according to the loose posi-
position Head raising tion of head without the effect of a specific stimulant
Neck tone 0: None; 1: Present Sensitivity was evaluated by slightly moving the head
Leg tone 0: None; 1: Low tone; 2: Contraction; 3: Depth sensitivity was evaluated based on reactions
Contraction and defensive movement following muscle tone and passive stretching of legs
Pectoral 0: No reflex; 1: Slight wing movement; Skin between ossa pubis was squeezed one degree
reflex 2: Movements of various parts of the with a set of mosquito forceps and evaluated with
body (Leg/wing movements, head repeated constant pressure
movement, eyelid opening); 3: Big re-
actions
Wing 0: No reflex; 1: Slight wing movement; Evaluated by squeezing the front part of radius-ulna
withdrawal 2: Movements of various parts of the on the wing with fingertips
reflex body (Leg/wing movements, head

movement, eyelid opening); 3: Big de-
fensive reactions

Interphalan-
geal
reflex

0: No reflex; 1: Slight leg pulling; 2:
Noticeable leg movement, head move-
ments, eye opening; 3: Substantial
defensive reactions

Evaluated by pinching the skin between the phalan-
ges

Cloacal
reflex

0: No reflex; 1: Sphincter contraction,
slow leg movement; 2: Muscle retrac-
tion, head movements, eye opening; 3:
Substantial defensive reactions

Evaluated by squeezing the pericloacal skin with fin-
gertips
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Cardiopulmonary parameters

As cardiopulmonary signs, heart rate (HR), indirect
mean blood pressure (IBP), respiratory rate (RR),
oxygen saturation (SpO,), end-tidal carbon dioxide
(EtCO2), and cloacal temperature (CT) data were
monitored using a multiparametric monitor (Mindray
UMEC12VET, Shenzhen Mindray Bio-Medical Elec-
tronics Co, Shenzhen, People’s Republic of China).
Accordingly, cardiopulmonary parameters were rec-
orded in all groups at TO, T5, T10, T15, T20, T25,
T30, T40, T50, and T60. To prevent the cardiopulmo-
nary parameters from being affected at the follow-up
time spots, reflexes were checked after cardiopulmo-
nary parameter values were recorded. In the initial
period of anesthesia, cardiopulmonary parameter
values were recorded at 5-minute intervals until T30.
In the DX and DXK groups, these values were rec-
orded at AT5, AT10, and AT20. As no injection was
administered to the pigeons in the K group, data were
recorded only until T60.

In the monitoring of cardiopulmonary parameter val-
ues, an assistant was employed. The assistant held
the pigeons in the supine position, opened the wings
to the sides and pulled the legs slightly backwards, a
yellow electrode was fixed on the skin at the base of
the left wing, a red electrode was fixed on the skin at
the base of the right wing, and a green electrode was
fixed on the skin fold close to the proximal of the M.
gastrocnemius on the left leg. I, I, and Il derivations,
unipolar extremity derivations including aVR, aVL,
and aVF, and standard bipolar derivation systems
were used (Mindray 562a, People’s Republic of Chi-
na). All recordings were calibrated to 1 mV/10 mm.
IBP measurements were performed indirectly. For
this purpose, a medium-sized avian IBP cuff was
placed on the dorsal metatarsal artery on the right leg
(Mindray Cm 1500D, People’s Republic of China).
Cuff width was adjusted to 40% of the leg circumfer-
ence. For SpO, monitoring, a pulse oximeter probe
was fixed on the muscle mass on right radius
(Mindray 562a, People’s Republic of China). In the
EtCO, measurements, an EtCO, tube was placed on
the nose, covering the whole beak, and the values
were observed on the monitor (Mindray Cm 1500
Series, People’s Republic of China). Throughout the
anesthesia period, no additional O, was provided to
the pigeons in any group. CT was monitored using a
thermometer placed in the cloaca (Mindray MR402B,
People’s Republic of China).

Statistical analyses

In all analyses, the JMP 14 software was employed.
The data were statistically analyzed with Levene’s
test for variance homogeneity assumptions and the
Shapiro-Wilk test for normal distribution assumptions
(P>0.05). Hence, repeated-measures analysis of
variance (ANOVA) and Tukey’s HSD multiple com-
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parison test were used to determine whether there
were any significant differences between the groups.
The data are presented as median in Table 2 and
MeantSt Deviation in Table 3. The level of statistical
significance was set at P<0.05 in all tests.

Results
Clinical findings

For the pigeons in the DX group, first sedation symp-
toms were observed at the 8" minute with signs of
decrease in eyelid opening and inability to hold the
head, and induction was achieved at a mean time of
12.56+0.70 minutes. In two of the pigeons, (pigeons
4 and 7), along with convulsion that started at the 3™
and 12" minutes and lasted approximately 2 minutes,
second-degree atrioventricular block, arrythmia, and
respiration irregularity signs were observed. At the
2" minute of atipamezole injection, 3 pigeons
(pigeons 2, 5, and 9) rose to their feet, and at a mean
time of 5.06+0.87 minutes, all pigeons were on their
feet. An increase in P wave duration and amplitude in
ECG and prolongations in P-R intervals were noted.
Starting from AT5, P, Q, and R values returned to
their initial levels.

In the pigeons in the K group, along with symptoms
of pupillary dilatation, inability to hold the head, and
incoordination, anesthesia symptoms started to be
seen, and anesthesia was induced at a mean time of
5.23+0.38 minutes. The pigeons were observed to be
unexcited during their entry into anesthesia or in re-
covery. No significant change was observed in their
P, Q, R, and S values in ECG. Arrythmia developed
in two pigeons (pigeons 6 and 9), but these arrythmi-
as disappeared by T50 spontaneously.

In the pigeons in the DXK group, along with symp-
toms of a decrease in eyelid opening and inability to
hold the head, anesthesia symptoms started to be
seen at the 5" minute, and anesthesia was induced
at a mean time of 10.16+0.37 minutes. Second-
degree atrioventricular block, arrythmia, and irregu-
larities in respiration frequency were seen in two pi-
geons (pigeons 2 and 8) between minutes 9 and 15
and one pigeon (pigeon 5) between minutes 15 and
33 (Figure 1).

)
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\ \. " ﬂ* )

Figure. 1. ECG trace and atrioventricular block of
Pigeon 5 in DXK.

Defensive movements were observed in four pigeons
(pigeons 1, 5, 6, and 8), while their reflexes were
being checked between minutes 10 and 30. At the 3™
minute of atipamezole injection, temporary tremors

5
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Table 2. Reflex scores for anesthesia levels in 10 pigeons which were administered IM DX, K, and DXK and
atipamezole at minute 60 and time-dependent median results of the total score (TS)

VB ™ TO T5 T10 T20 T30 T40 T50 T60 AT5 AT10 AT20
Eyelid DX 2 2 1 1 1 1 1 1 2 2 2
gap K 2 2 1 1 2 2 2 2 - - -

DXK 2 1 0 0 0 0 0 0 2 2 2
DX 2 1 1 0 0 1 1 1 2 2 2
f;:';ibra' K 2 1 1 1 1 1 1 2 - - -
DXK 2 2 0 0 0 0 0 1 2 2 2
Pupillary DX 2 2 2 1 1 1 1 2 2 2 2
dilatation K 2 1 1 1 1 1 2 2 - - -
DXK 2 2 1 1 1 1 1 1 2 2 2
Pupillary DX 2 2 2 2 2 2 2 2 2 2 2
reflex K 2 2 1 1 2 2 2 2 - - -
DXK 2 2 1 1 1 1 1 1 2 2 2
Corneal DX 3 3 2 2 2 2 3 3 3 3 3
reflex K 3 2 2 2 2 2 3 3 - - -
DXK 3 3 2 2 2 2 2 2 3 3 3
Head DX 2 2 1 1 1 1 1 1 2 2 2
position K 2 0 0 0 0 0 1 1 - - -
DXK 2 0 0 0 0 0 0 0 1 1 2
Neck DX 1 1 1 1 1 1 1 1 1 1 1
tone K 1 0 0 0 0 1 1 1 - - -
DXK 1 1 0 0 0 0 0 0 1 1 1
Leg tone DX 2 3 3 3 2 3 3 3 3 2 2
K 3 1 1 1 2 2 2 2 - - -
DXK 2 1 0 1 1 2 2 2 2 2 2
Pectoral DX 3 3 3 3 3 3 3 3 2 2 3
reflex K 3 1 2 2 2 2 2 2 - - -
DXK 3 2 2 2 2 2 2 2 1 1 1
Wing DX 2 3 3 2 2 2 2 3 2 2 3
withdraw- K 3 2 2 2 2 2 2 2 - - -
al reflex DXK 3 1 2 2 1 0 2 1 1 0 0
Interpha- DX 2 3 3 2 2 2 2 3 3 2 3
langeal K 3 1 1 2 2 2 2 2 - - -
reflex DXk, 1 1 0 0 0 1 1 0 0 1
Cloacal DX 3 3 3 3 2 3 3 3 2 2 2
reflex K 3 1 1 1 2 2 2 2 - - -
DXK 3 2 1 1 1 1 2 2 1 1 1
Total DX 27.00° 25.50™°  23.00°¢ 2050 19.50° 20.50%"  21.00%°  21.50°¢ = 2550°¢  24.00°° 26.00%
score K 28° 13° 12° 14° 16° 18° 20° 22°

DXK 27° 15.50°%°  11.50°®  10.00%

10.75°  11.75%  12.25°%°  14.50°%  15250°¢  18.50%*  18.50™

VB: Variable; TM: Treatment; DX: Dexmedetomidine 80 ug/kg; K: Ketamine 100 mg/kg; DXK: Dexmedetomidine
40 ug/kg and ketamine 50 mg/kg; Atipamezole: 320 ug/kg for DX, 160 ug/kg for DXK.
TO: Baseline, 15 min before anesthetic injection; T5, 10, 20, 30, 40, 50, 60: minutes after T0; AT5, AT10, AT20:

Minutes after atipamezole injection at T60.
abedel Statistically significant in intragroup evaluations
data are presented as median values.

that lasted about 1 minute were seen in four pigeons
(pigeons 2, 3, 6, and 10). All other recoveries were
observed to be calm and smooth, and all pigeons
were on their feet at a mean time of 22.47+0.64
minutes, but they were lightly drowsy. An increase in
P wave duration and amplitude in ECG and promi-

with respect to TO value (P<0.05). Reflex scores and TS

nent prolongations in P-R and R-R intervals were
observed. While the arrhythmias that developed in
three pigeons (pigeons 2, 5, and 8) disappeared be-
fore atipamezole injection, P, Q, and R values re-
turned to their initial levels following of AT5.
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Reflex findings

In the examinations in terms of TS, the pigeons in the
DX group showed sedation symptoms at the minimal
level only in the middle of sedation (19.50 at T30).
Along with atipamezole injection, TS (25.50 at AT5)
suddenly returned to the initial values (P<0.05). It
was noted that there were symptoms of convulsions
and respiratory irregularities in the DX group. In the
pigeons in the K group, a moderate depth of anesthe-
sia was induced in a short time (13.00 at T5), but this
level lasted only 15 minutes. In the DXK group, anes-
thesia started at T10 (11.50 at T10), and a moderate
depth of anesthesia was induced (14.50 at T60). In
five minutes following atipamezole injection, a mild
level of anesthesia was seen (15.25 at AT5)
(P<0.05). The moderate TS (from T10 to T60)
achieved in the DXK group was lower compared to
that in the K group. The reflex scores and TS data of
the DX, K, and DXK groups are presented in Table 2.

Cardiopulmonary findings

High initial HR values were prominent in all groups. In
the DX and DXK groups, following dexmedetomidine
injection, dramatic decreases in HR were observed
(P<0.05), but these dramatic decreases disappeared
in 5 minutes as a result of atipamezole injection
(P<0.05). In the K group, ketamine injection did not
significantly affect HR (P>0.05). In both the in-
tragroup and intergroup evaluations, dexmedetomi-
dine, ketamine, and dexmedetomidine-ketamine in-
jections did not significantly affect IBP (P>0.05).

In the DX and DXK groups, dexmedetomidine led to
dramatic decreases in RR immediately after injection
(P<0.05), but these dramatic decreases disappeared
in 5 minutes after atipamezole injection. In the K
group, ketamine injection did not significantly affect
RR (P>0.05). The dexmedetomidine in the DX group
and the ketamine in the K group did not significantly
affect SpO; (P>0.05). It was also determined that the
dexmedetomidine-ketamine injections in the DXK
group could create statistically significant differences,
albeit clinically insignificant (P<0.05). Dexmedetomi-
dine, ketamine, and dexmedetomidine-ketamine in-
jections did not significantly affect EtCO, values
(P>0.05).

Dexmedetomidine, ketamine, and dexmedetomidine-
ketamine injections significantly reduced CT in the
pigeons (P<0.05). Atipamezole led to an increase in
CT in both groups only after 10 minutes (at AT10,
40.37°C in DX, 39.08°C in DXK) (P<0.05). The cardi-
opulmonary parameter data of the DX, K, and DXK
groups are presented in Table 3.
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Discussion and Conclusion

Dexmedetomidine is a relatively new a, adrenergic
agonist, and it is an agent that supports anesthesia
with its sedative, analgesic, and hypnotic properties.
As dexmedetomidine is recommended at half the
dosage of medetomidine, studies on medetomidine
were also considered in determining the dosages of
dexmedetomidine (Heard, 2016; Posner, 2018). The
dosages used in this study were determined accord-
ing to studies conducted on dexmedetomidine, me-
detomidine (Hornak et al., 2014; Pollock, 2001), keta-
mine (Azizpour and Hassani, 2012; Gunkel and
Lafortune, 2005; Kamiloglu et al., 2008), their differ-
ent combinations (Lumeij and Deenik, 2003; Memon
et al., 2021), and atipamezole (Hornak et al., 2014;
Lumeij and Deenik, 2003) injected to pigeons through
the IM route. In previous studies, ketamine was used
alone through the IM route in the dosage range of 20-
50 mg/kg (Azizpour and Hassani, 2012; Gunkel and
Lafortune, 2005; Kamiloglu et al., 2008). The keta-
mine dose used in the present study (100 mg/kg) was
accepted as a high dosage for pigeons based on the
information in the literature. As it is recommended to
use atipamezole at a dosage three times that of dex-
medetomidine following dexmedetomidine sedation in
dogs, the atipamezole injected in the present study
was administered at a dosage 4 times that of dexme-
detomidine in the pigeons (320 pg/kg in DX, 160 pg/
kg in DXK) (Antisedan, 2022).

The results of studies on pigeons in which a, ago-
nists were used on their own have some similarities
in terms of cardiopulmonary parameter values, cloa-
cal temperatures, and sedative effects. It has been
argued that these agents lead to bradycardia and
respiratory depression and provide inadequate seda-
tion, and therefore, they should be used only for hold-
ing and procedures involving little pain. The same
researchers have also emphasized that a, agonists
used alone lead to time-dependent hypothermia
(Duranni et al., 2008; Duranni et al., 2009; Pollock et
al., 2001; Sandmeier, 2000). The findings obtained in
this study were consistent with the results of the re-
searchers who have stated that pigeons are relatively
resistant to a, adrenergic agonists (Duranni et al.,
2008; Duranni et al., 2009; Pollock et al., 2001;
Sandmeier, 2000). Additionally, studies conducted on
medetomidine showed that the dosage used in this
study was low, and medetomidine could be re-
searched at higher dosages (Pollock et al., 2001;
Sandmeier, 2000). It was determined to be necessary
in this study to carefully monitor cardiopulmonary
variables and keep atipamezole available starting
from the moment of injection when dexmedetomidine
is used alone, even at dosages that are not very high
(80 pg/kg, IM).

It was reported that a low dosage of ketamine (30
mg/kg) used alone led to excitement in pigeons dur-
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ing their entry into anesthesia, it did not provide a
sufficient loss in the pedal reflex, adequate muscle
relaxation was not observed in anesthesia, and a
decrease was seen in body temperature (Azizpour
and Hassani, 2012). In a study in which ketamine
was injected through the intraosseous (I0) and IM
paths, it was emphasized that induction was
achieved at a mean time of 7.5+0.8 minutes through
IM, recovery was achieved at a mean time of 9012
minutes, and ketamine provided a satisfactory level
of anesthesia in pigeons at a dosage of 50 mg/kg
(Kamiloglu et al., 2008). In this study, although no
adverse behaviors were observed in most of the pi-
geons during their entry into anesthesia and recovery
in the K and DXK groups which were administered
ketamine, the moderate level of anesthesia that was
achieved was quite far from the 2-4-point interval in
the anesthesia scoring system, which shows a depth
of anesthesia on the surgical level. While similarities
to the findings of other researchers were observed in
terms of induction durations and cardiopulmonary
values (Azizpour and Hassani, 2012; Kamiloglu et al.,
2008), ketamine that was used at two times (100 mg/
kg) the dosage used in the study conducted by Kami-
loglu et al. (2008) showed a shorter effect in terms of
recovery duration. It was thought that at both low and
high dosages, ketamine induced anesthesia for simi-
lar durations.

It was reported that medetomidine-ketamine anesthe-
sia provided smooth and unexciting anesthesia in-
duction, the duration of anesthesia was 55.79+4.51
minutes, and HR, RR, and CT considerably de-
creased during anesthesia (Memon et al., 2021). In
the experimental and clinical study conducted by
Lumeij and Deenik (2003), results in medetomidine-
ketamine anesthesia showed differences (Lumeij and
Deenik, 2003). In their experimental research, the
researchers observed deep anesthesia, a fast and
smooth recovery, as well as significant differences in
terms of reflex scores and HR. In their clinical re-
search, on the other hand, it was determined that the
medetomidine-ketamine combination led to unsafe
anesthesia as a result of severe wing movement be-
haviors, and it was therefore emphasized that more
controlled studies should be conducted in the clinical
environment before making practical recommenda-
tions regarding the use of this combination (Lumeij
and Deenik, 2003). It was reported that when inhalant
anesthetics (isoflurane and sevoflurane) were used in
avian species at higher concentrations than required,
especially as the sole agent, they lead to apnea and
hypotension, and they could not provide antinocicep-
tion despite creating a loss of consciousness. The
use of low-dosage sedative agents and dissociative
anesthetics is recommended in the peri-anesthetic
period before using inhalant anesthetics as a part of
balanced anesthesia due to analgesia, need for com-
fort, and the long-term effects of subacute and chron-
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ic nociception. The characteristics of dexmedetomi-
dine (40 pg/kg) and ketamine (50 mg/kg) anesthesia
at the dosages that were used in this study showed
similarities to the findings of other studies in terms of
HR, RR, and CT, and these dosages provided short-
er anesthesia durations (Lumeij and Deenik, 2003;
Memon et al., 2021). In this study, it was observed
that dexmedetomidine led to a greater degree of de-
crease in CT compared to ketamine. While all reflex-
es and cardiopulmonary parameter values except for
CT in the groups in which atipamezole was used (DX
and DXK) returned to the TO values within five
minutes following atipamezole injection, it was seen
that CT started to increase in both groups only at the
10™ minute. Although the moderate level of anesthe-
sia obtained using the dexmedetomidine-ketamine
combination had a lower score compared to ketamine
anesthesia alone, it was seen that it did not fall to the
2-4-point interval, which is required for performing
surgery. It was considered that this anesthesia could
be used in clinical applications that require a moder-
ate level of anesthesia depth or before inhalant anes-
thesia as a part of balanced anesthesia due to the
analgesic property of dexmedetomidine (Heard,
2016; Lichtenberger and Lennox, 2016). Considering
its anesthetic effects, it was concluded that as report-
ed by Lumeij and Deenik (2003), before making any
practical recommendations on the use of a dexme-
detomidine-ketamine combination, more controlled
studies in clinical environments should be conducted.
It was suggested that anesthesia with ketamine could
not be achieved at the desired level and duration
without combining it with dexmedetomidine, and this
combination could be used in short-lasting proce-
dures such as sample collection, radiography, ultra-
sonography, and bandage application.

In all studies conducted with different dosages of
atipamezole in pigeons, the researchers reported that
it provided rapid and smooth recovery from anesthe-
sia by reversing the effects of a, adrenergic agonists
(Hornak et al., 2014; Sandmeier, 2000). Hornak et al.
(2014), stated that atipamezole reversed most seda-
tion and cardiorespiratory side effects in 10 minutes
after the induction made with a midazolam-
dexmedetomidine combination, and it was only late in
terms of increasing CT. Memon et al. (2021), empha-
sized that in medetomidine-ketamine anesthesia,
atipamezole administered at half the dosage of me-
detomidine shortened anesthesia duration in pigeons
by 18 minutes. It has been reported that flumazenil,
which is a reversal agent of benzodiazepine, can be
used in avian species to partially or fully reverse the
effects of diazepam or midazolam, but due to its short
half-life, dosage repletion might be needed (Doss and
Mans, 2021; Heard, 2016; Mans, 2017; Martel et al.,
2021). In this study, consistently with other results in
the relevant literature, atipamezole administered at a
dosage 4 times the dosage of dexmedetomidine was
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quickly absorbed following IM injection, and it provid-
ed smooth recovery in the DX group at minute
5.06£0.87 and in the DXK group at minute
22.47+0.64 (Hornak et al., 2014; Memon et al., 2021;
Sandmeier, 2000). Unlike flumazenil, no dosage re-
pletion was needed (Doss and Mans, 2021; Heard,
2016; Mans, 2017). No vomiting was observed in the
DX and DXK groups following the atipamezole injec-
tion, but temporary tremors which lasted about one
minute in two pigeons in the DX group and four pi-
geons in the DXK group were considered negative
effects of atipamezole. In light of the findings ob-
tained in this study, it was thought that atipamezole
administered 4 times the dosage of dexmedetomidine
can be safely used in pigeons.

In conclusion, dexmedetomidine should not be used
alone in pigeons, even at low dosages (80 pg/kg),
and if it has to be used, cardiopulmonary status
should be carefully monitored peri-anesthetically. The
most significant advantage of dexmedetomidine is
that it provides rapid and smooth recovery within 5
minutes with atipamezole injection. Ketamine admin-
istered at a high dosage (100 mg/kg) does not affect
cardiopulmonary parameter values significantly, but it
does not provide deep and long anesthesia for sur-
gery either. As the combination of dexmedetomidine
(40 pg/kg) and ketamine (50 mg/kg) in this study did
not provide anesthesia deep enough for surgery, it
can be used in short-lasting clinical procedures that
require only a moderate level of anesthesia or before
inhalant anesthesia as a part of balanced anesthesia.
Atipamezole can reverse the effects of dexmedetomi-
dine alone or its combination with ketamine when
applied at a dosage 4 times that of dexmedetomidine,
and it provides a safe, calm, and smooth recovery in
pigeons.
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Oz: Bu calisma, Tirkiye’nin istanbul ve Kocaeli illerindeki manda yetistiriciligi isletmelerinin sosyo-ekonomik yapilarini
incelemek amaciyla yapiimistir. Arastirma verileri toplam 126 isletmeden yiiz yiize anket yoluyla elde edilmistir. Ornek-
lem bily(ikligl, Basit Rasgele Orneklem Segimi Metod’una gére belirlenmistir. Isletmeler sahip olduklari hayvan varli§i-
na gore 5-20 bas (kiigiik), 21-50 bas (orta) ve =51 bas (bliyiik) isletmeler seklinde gruplandiriimistir. isletmelerin 2021
yihina ait verileri tanimlayici istatistikler seklinde sunulmustur. Elde edilen bulgularda, isletme sahiplerinin blyik oranda
(%90.5) erkek oldugu ve %61.9'unun ilkokul diizeyinde egitim aldigi belirlenmistir. Ureticilerin yaridan fazlasinin (%
51.6) manda yetistiriciligine ek olarak bagka faaliyetlerden de gelir elde ettigi ve %42.9'unun aylik gelirinin <10000 TL
(s1124.85 USD) oldugu saptanmistir. Ureticilerin kredi kullanma orani %43.7 olarak belirlenmistir. Ureticilerin gok dii-
stk oraninin (%14.3) manda yetistiriciligiyle ilgili mesleki egitim aldigi gérilmistir. Ureticilerin ortalama yasinin ve
deneyim siresinin sirasiyla 52.48+12.63 ve 32.88+16.37 yil olduju saptanmistir. Manda yetistiriciliginden saglanan
gelirin yillik gelir igerisindeki payinin %72.58 ve isletme blyukliginin ortalama 55.47+100.11 dekar oldugdu tespit edil-
mistir. Isletmelerde ortalama olarak sagilan manda sayisi 25.93%£33.37 bas, siit tretimi 4.912£0.67 It/giin, laktasyon
suresi 230.16+29.09 giin ve st verimi 1159.97+155.16 It/laktasyon olarak belirlenmistir. Sonug olarak, Ureticilerin man-
dacilik gelirlerinin, kooperatife (iyelik oranlarinin diisiik ve egitim durumlarinin yetersiz oldugu belirlenmistir. Ureticilerin
daha fazla egitim almalari ve érgitlenme oranlarini artirmalari Gretimin strdardlebilirligi agisindan blyik katki saglaya-
caktir.

Anahtar kelimeler: Demografik 6zellikler, manda isletmeleri, manda yetistiriciligi, sosyo-ekonomik yapi

Socio-Economic Structures of Buffalo Breeding Enterprises in istanbul and Kocaeli Provinces, Tiirkiye
Abstract: This study was carried out to examine the socio-economic structures of buffalo breeding in the provinces of
istanbul and Kocaeli, Tiirkiye. Research data were obtained from 126 farmers through surveys. Sample estimates were
made according to the Simple Random Sample Selection Method. The enterprises were grouped as 5-20 head (small),
21-50 head (medium) and =51 head (large) enterprises according to the buffalo assets they owned. The data of the
enterprises for 2021 were presented in the form of descriptive statistics. The majority of the farmers (90.5%) were male
and 61.9% of them had primary school education. It was determined that more than half of the farmers (51.6%) earn
from additional activities, and 42.9% of them have a monthly income of <10.000 TL (<1.124,85 USD). The credit utiliza-
tion rate of the breeders was determined as 43.7%. It was observed that a very low percentage of the farmers (14.3%)
received training on buffalo breeding. The average age and experience period of the farmers were 52.48+12.63 and
32.88+16.37 years, respectively. It was reported that the share of income from buffalo breeding in annual income is
72.58% and the average farm size is 55.47+100.11 decare. The average number of dairy buffaloes in the farms was
25.93+33.37 heads, milk production was 4.91+0.67 It/day, lactation period was 230.16+29.09 days, and milk yield was
1159.97 It/lactation. As a result, farmers mandate incomes, cooperative membership rates were low and educational
status were inadequate. The farmers getting more training and increasing their organization rate will make a great con-
tribution to the sustainability of production.

Keywords: Buffalo breeding, buffalo enterprises, demographic features, socio-economic structure
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Turkiye’de manda yetistiriciligi sit ve et Gretimi ama-
clyla yapiimaktadir. Ulkemizde yaygin olarak yetistiri-
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* Bu calisma, birinci yazarin “istanbul ve Kocaeli illerinde Manda
Siitii ve Sit Uriinlerinin Pazarlama Durumu ve Manda Yetistiricileri-
nin Pazarlama Kanali Segimini Etkileyen Faktorlerin Belirlenmesi”
baslikli doktora tezinden elde edilen verilerin bir kismindan hazirlan-
mistir.

len irk Anadolu Mandasr'dir. Geleneksel yontemlerle
yapilan bu faaliyet kolu kirsal kesimde yetistiricilere
gelir olanagi yaratarak yoksullugu azaltmaya yardim-
ci olmaktadir (Soysal ve ark., 2005).

Manda yetistiriciligi cogunlukla kiguk aile isletmeciligi
seklinde yapilmaktadir. Buna bagli olarak Uretilen
manda sutl, isletmelerdeki hayvan sayisinin azligi ve
verim disUkligu nedeniyle az miktarlarda olmaktadir
ve biyik bolimu hane iginde tiiketilen sitlin pazarla-
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ma olanagi oldukga sinirli kalmaktadir.

Mandadan elde edilen sutin diger sutlere oranla da-
ha yagl olmasina karsin kolesterol orani duguktir
(Zicarelli, 2004). Bilesimindeki toplam kati madde
dizeyi, beyazlik ve viskozite agisindan sit teknoloji-
sinde Urin kalitesini ve verimini arttirmakta bu sebep-
le ciddi talep gérmektedir. inek siitiine kiyasla randi-
mani daha yuksek oldugundan yliksek katma degere
sahip yogurt, kaymak, tereyadi, peynir ve dondurma
gibi Urlnlerin tretiminde oldukgca tercih edilen bir ham
madde durumundadir (Ermetin, 2017).

Arastirma bdlgemiz olan istanbul ve Kocaeli illerinde-
ki, 2021 yili itibariyle, toplam manda varli§i sirasiyla
15598 ve 3661 bastir. Istanbul ili %8.4'lik pay ile Tir-
kiye manda varligi icinde Samsun ve Diyarbakir ille-
rinden sonra en fazla payi bulunan tg¢iinci ildir. Man-
da yetigtiriciligi isletmelerinin surdurulebilirliginde ye-
tigtiricilerin demografik 6zellikleri ve isletmelerin Ure-
tim yapisi énemlidir. Bu galismada istanbul ve Koca-
eli illerindeki manda vyetistiriciligi yapan igletmelerin
sosyo-ekonomik yapilari incelenmigtir.

Gere¢ ve Yontem

Bu arastirmanin gerecini istanbul ve Kocaeli illerinde
faaliyet gosteren manda isletmelerinden derlenen
veriler olusturmaktadir. Calismada isletmelerin 2021
yilina ait sosyo-ekonomik yapisi ile tretim 6zellikleri-
ne ait veriler derlenmigtir. Veriler, yuz yize anket
yontemi ile isletme sahipleri ile yapilan gérismeler
sonucunda elde edilmigtir. Yapilan anketler araciligiy-
la, manda igletmelerinin sosyo-ekonomik 6zelliklerini
tespit etmeye yonelik olarak, isletme sahibinin yasi,
cinsiyeti, egitim duzeyi, yetistiricilik tecribesi, yillik
geliri, hayvancilik disindaki geliri, manda Grunleri
disinda elde edilen hayvancilik geliri, manda yetistiri-
ciliginden elde ettigi gelir durumuna iligkin veriler ile
uretim ozelliklerini belirlemeye ydnelik olarak, sagmal
hayvan sayisi, sut verimleri, laktasyon suresi, laktas-
yon sut verimi, kooperatif ve birliklere tyelik durumu,
krediden yararlanma ve egitim alma durumlariyla ilgili
veriler elde edilmistir. Ornekleme diizeyini belilemek
icin Istanbul ve Kocaeli Damizlik Manda Yetistiricileri
Birliklerinin 6neri ve kayitlarindan yararlaniimigtir.
Anket yapilacak isletme sayisi belirlenirken, isletme-
de en az bes bas ana¢ manda bulunmasi ve yetistiri-
ciden guvenilir veri saglanabilmesi durumu goéz 6nu-
ne alinmisgtir. Calisma igin uygun o6zellikleri tasiyan,
Kocaeli ilinde 93, istanbul ilinde 240 olmak iizere,
toplam 333 manda isletmesi oldugu belirlenmigtir.
Orneklem biiyiikliginin belirlenmesinde basit rasge-
le 6rnekleme metodu kullaniimigtir. Ana kitleyi temsil
edecek 6rneklem buyUkligu, %95 given araligi ve %
5 hata payi ile 96 isletme olarak hesaplanmigtir. He-
saplamada asagidaki formil kullaniimistir
(Stimbdloglu ve Stimbdloglu, 2005).
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Bazi anketlerin gegersiz sayllma olasiligi ve analizle-
rin giictnu artirabilmek amaciyla 6rnek buytklikleri-
nin %10 fazlasi galismaya dahil edilmistir. Ornek bii-
yukluga 106 isletme olarak belirlenmis olmasina rag-
men 129 isletme ziyaret edilerek yetistiricilerle anket
yapilmistir. Isletmeler sahip olduklari hayvan yogun-
luguna gore 5-20 bas (kugiik), 21-50 bas (orta) ve 51
bas ve Uzeri (buyuk) isletmeler seklinde gruplandirila-
rak elde edilen veriler degerlendirilmistir. istatistiksel
analizlerde IBM SPSS 26.0 istatistik paket programi
kullaniimigtir. Verilerin degerlendiriimesinde kullanil-
mak Uzere N (%), ortalamazst sapmadan olusan ta-
nimlayici istatistikler hesaplanmistir.

Bulgular

Arastirma kapsamina alinan 126 adet manda iglet-
mesinin 76’si (%60.32) istanbul, 50’si (%39.69) Ko-
caeli ilinde bulunmaktadir. Caligma konusu isletmele-
rin - %41.26’sinin  kiiglik, %32.53’'Gnun orta, %
26.19’unun buyuk 6lgekli oldugu belirlenmistir. Manda
isletmelerinin bazi sosyo-ekonomik 6zelliklerine iligkin
bulgular Tablo 1’de sunulmustur.

isletmelerin biyiik gogunlugunda erkek ireticilerin (%
90.5), sadece %9.5’'inde kadin Ureticilerin faaliyet
gOsterdigi belirlenmistir.

isletme sahiplerinin egitim diizeyine bakildiginda,
ureticilerin gogunlukla (%61.9) ilkokul mezunu olduk-
lari gériilmektedir. Ureticilerin %7.9’'unun ortaokul, %
22.2’sinin lise ve %1.6’sinin Universite egitimi aldigi
ayrica isletme sahiplerinin %5.6’sinin okuryazar oldu-
gu, %0.8’inin ise okuryazar olmadigi tespit edilmistir.

Manda yetistiriciligi disinda bagka gelir getirici faali-
yetle ugrasma orani kigik Olcekli isletmelerde %
65.4, orta o6lcekli isletmelerde %46.3 ve blylk 6lgekli
isletmelerde %36 olarak belirlenmistir. isletmeler ge-
neli icin ise %51.6 olarak bulunmustur. igletme dlcegi
blyldik¢e mandacilik diginda faaliyet gbsterme ora-
ninin azaldigi tespit edilmigtir.

isletmelerin aylik gelir durumlari incelendiginde, islet-
melerin %42.9'unun aylik gelirinin 10000 TL ve daha
disuk, %23.8’inin 10001-20000 TL arasi, %8.7’sinin
20001-30000 TL arasi, %7.9’'unun 30001-40000 TL
arasl, %3.2’sinin 40001-50000 TL arasi ve %13.5’inin
50000 TL Uzeri gelir elde ettigi saptanmistir. Blylk
Olcekli isletmelerin %45.5’'inin 50000 TL Gzeri, %
21.2’sinin 30001-40000 TL arasi; orta dlgekli isletme-
lerin %41.5’inin 10000 TL ve daha disuk, %31.7’sinin
10001-20000 TL arasi; kuguk olcekli isletmelerin %
71.2’sinin 10000 TL ve daha disilk, %26.9'unun
10001-20000 TL arasi aylik gelir elde ettidi belirlen-
mistir.
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Tablo 1. Manda ureticilerinin sosyo-ekonomik 6zellikleri

Cansu BOYRAZ

isletme Olgegi
Kiigilik Orta Buyiik Genel
N % N % N % N %

I istanbul 22 42.3 24 58.5 30 90.9 76 60.3

Kocaeli 30 57.7 17 415 3 9.1 50 39.7
Cinsiyet Erkek 45 86.5 38 92.7 31 939 114 905

Kadin 7 13.5 3 7.3 2 6.1 12 9.5

Okuryazar 6 11.5 1 2.4 0 0.0 7 5.6

ilkokul 30 57.7 30 73.2 18 54.5 78 61.9

Ortaokul 6 11.5 1 24 3 9.1 10 7.9
Egitim Durumu Lise 10 19.2 8 19.5 10 30.3 28 222

Universite 0 0.0 0 0.0 2 6.1 2 1.6

Okuryazar 0.0 1 2.4 0 0.0 1 0.8

degil
Mandacilik Disi Gelir Hayir 18 34.6 22 53.7 21 63.6 61 48.4
Elde Etme Durumu  Evet 34 65.4 19 46.3 12 36.4 65 51.6

<=10000 37 71.2 17 415 0 0.0 54 42.9

10001- 14 26.9 13 31.7 3 9.1 30 23.8

20000
Manda 20001- 1 1.9 6 14.6 4 12.1 11 8.7
Yetistiriciliginden 30000
Elde Edilen Gelir 30001- 0 0.0 3 7.3 7 21.2 10 7.9
(TL) 40000

40001- 0 0.0 0 0.0 4 12.1 4 3.2

50000

> 50000 0 0.0 2 4.9 15 455 17 13.5
Kooperatif Uyeligi Hayir 50 96.2 36 87.8 24 72.7 110 87.3
Durumu Evet 2 3.8 5 12.2 9 27.3 16 12.7
Birlik Uyeligi Hayir 15 28.8 7 17.1 2 6.1 24 19.0
Durumu Evet 37 71.2 34 82.9 31 939 102  81.0
Kredi Kullanma Hayir 31 59.6 28 68.3 12 36.4 71 56.3
Durumu Evet 21 40.4 13 31.7 21 63.6 55 437
Mandacilik Faaliyeti Hayir 49 94.2 35 85.4 24 72.7 108 85.7
ile llgili Egitim Alma ¢, 3 58 6 14.6 9 273 18 143

Durumu

isletmelerin Kooperatif ve Damizlik Manda Yetistirici-
leri Birligi'ne kayith olma durumu incelendiginde; bu-
yuk olcekli isletmelerin %27.3’Unin, orta dlcekli islet-
melerin %12.2’sinin ve kuguk o&lcekli isletmelerin %
3.8’inin kooperatif (iyesi oldugu belirlenmistir. isletme-
ler genelinde ise kooperatife Uye igletme oraninin %
12.7 oldugu gérilmugtar. Buyuk Olgekli isletmelerin %
93.9’unun, orta olgekli isletmelerin %82.9’'unun ve
kiicUk Olgekli isletmelerin %71’inin birlik Uyesi oldugu
belirlenmigtir. igletmeler genelinde ise birlige lye
isletme oraninin %81 oldugu tespit edilmistir.

isletmeler genelinde (ireticilerin %43.7’sinin mandaci-
lik faaliyeti icin kredi kullandigi, %56.3’tnln ise kredi
kullanmadigi belirlenmistir. Bliylik 6lgekli igletmelerin
%63.6’sinin, orta Olcekli isletmelerin %31.7’sinin ve
kiiguk olcekli isletmelerin %40.4’Gnin kredi kullandigi
belirlenmistir. En yiksek kredi kullanma oraninin bi-
yuk 6lcekli isletmelerde oldugu goériimektedir.

Blylk olgekli isletme sahiplerinin %27.3’Gnln, orta
Olgekli isletme sahiplerinin %14.6’sinin ve kiguk ol-
cekli isletmelerin %5.8’inin manda yetistiriciligi ile ilgili
egitim aldiklari belirlenmistir. isletmeler genelinde ise
manda yetistiricilidi ile ilgi egitim alma oraninin %14.3
oldugu géralmustir. Egitim alanlarin %72.2’si Damiz-
ik Manda Yetistiricileri Birligi'nin; %27.7’si iige Tarim
ve Orman MudirlGklerinin vermis oldugu “Hayvan
Besleme, Genetik Islah Metotlari, Sagim Hijyeni, St
Uriinleri Teknolojisi” konularinda egitim aldiklari tespit
edilmistir. Manda ureticilerine ait bazi 6zelliklerin orta-
lama deger ve standart sapmalari Tablo 2’'de veril-
mistir.
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Tablo 2. Manda ureticilerine ait bazi 6zelliklerin ortalama ve standart sapmalari

Degisken isletme Olgegi Ortalamat St.Sapma
Kugik 52.29+12.17
Yas (yil) Qrt? 55.37+13.14
Buyik 49.21+£12.24
Genel 52.48+12.63
Kugik 33.00+16.46
Deneyim (yil) (?rt? 35.54+16.36
Blyik 29.39+16.09
Genel 32.88+16.37
Kugilk 64.13+30.04
S . o Orta 77.68+27.16
Yillik Gelir Icinde Mandaciligin Payi (%) Biyiik 79 55430 96
Genel 72.58+30.01
Kugik 29.98+36.93
; - Orta 49.51188.32
Isletme Arazisi (dekar) Biiyik 103.06+154 23
Genel 55.47+100.11

Tablo 3. Manda isletmelerinin bazi tretim degerlerinin ortalama ve standart sapmalari

Degisken isletme Olgegi Ortalamaz* St.Sapma
Kuglk 8.54+3.24
- Orta 16.66+8.96
Sagilan Manda Sayisi (bas) Bliyik 64 85+45 47
Genel 25.93+33.37
Kuglk 4.74£0.72
Giinliik Siit Uretimi (It) BQu;tSk g-?gfg'g?
Genel 4.91+0.67
Kuglk 239.62+33.52
L Orta 224.27423.12
Laktasyon Siiresi (giin) Blyiik 599 58404 43
Genel 230.16+29.09
Kugik 1161.50+150.55
.. I Orta 1150.57+179.34
Laktasyon Siit Verimi (kg) Buyiik 1169 24+132.32
Genel 1159.97+155.16

Bu calismada manda Ureticilerinin ortalama yasi,
isletmeler genelinde 52.48+12.63, kuguk olcekli islet-
melerde 52.29+12.17, orta Olgekli isletmelerde
55.37+13.14 ve buyuk Olcekli isletmelerde
49.21+12.24 olarak saptanmistir.

Manda (Ureticilerinin deneyiminin ortalama olarak is-
letmeler genelinde 32.88+16.37 yil oldugu belirlen-
migtir.  Kuguk dlcekli isletmelerin  deneyiminin
33+16.46 yil, orta Olgekli isletmelerin 35.54+16.36 yil,
buyuk oOlgekli isletmelerin ise 29.39+16.09 yil oldugu
ortaya konulmustur.

Elde edilen yillik toplam gelir icinde manda yetistirici-
liginden saglanan gelirin payinin, isletmeler genelinde
%72.58 oldugu; buyutk olgekli isletmelerde %79.55,
orta olcekli isletmelerde 77.68 ve kigik olcekli islet-
melerde ise %64.13 oldugu saptanmigtir.
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isletmelerin mandacilik faaliyetlerini yirittiikleri arazi-
lerin ortalama buyukligunin isletmeler genelinde,
55.47+100.11 donum, buytk olcekli isletmelerde
103.06+154.23 doénim, orta Olgekli isletmelerde
49.51+88.32 donidm ve kiiglk olgekli isletmelerde ise
29.98+36.93 dénim oldugu belirlenmistir.

Manda igletmelerinin bazi Uretim degerlerine iligkin
bilgiler Tablo 3'de sunulmustur.

Sagilan manda sayisi ortalama olarak igletmeler ge-
nelinde 25.93+33.37 bas, biyuk oOlgekli isletmelerde
64.85+45.47 bas, orta Olgekli isletmelerde 16.66+8.96
bas ve kiigiik olgekli isletmelerde ise 8.54+3.24 bas
oldugu saptanmistir.

Hayvan basina gunlik sut dretimi ortalama olarak
isletmeler genelinde 4.91+0.67 It, blylk Olgekli islet-
melerde 5.15+0.51 It, orta Olgekli isletmelerde
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4.93+0.68 It ve kiglk olcekli isletmelerde ise
4.7410.72 It oldugu belirlenmigtir. Manda bagina gun-
Uk sut veriminin isletme dlgedi bluyudukce giderek
arttigr géralmastar.

Ortalama laktasyon siresinin, isletmeler genelinde
230.16+29.09 gun, buylk Olgekli isletmelerde
222.58424.43 glin, orta Olgekli isletmelerde
224.27+23.12 gin ve kuglk Olgekli isletmelerde ise
239.62+33.52 gln oldugu tespit edilmistir.

Laktasyon sut veriminin ortalamasi isletmeler gene-
linde 1159.97+155.16 It, blylk Olgekli isletmelerde
1169.24+132.32 It, orta Olgekli isletmelerde
1150.57£179.34 It ve kuguk Olgekli isletmelerde ise
1161.50£150.55 It oldugu saptanmigtir. En yuksek
laktasyon sut veriminin buyldk O6lgekli isletmelerde
oldugu goérulmustur.

Tartisma ve Sonug

Turkiye'de manda yetistiriciligi faaliyeti yapan isletme-
lerin yapisal ve ekonomik analizinin yapildidi bir ca-
lismada igletme sahiplerinin %96.87’sinin erkek %
3.13'Undn kadin oldugu bildirilmistir (Altin, 2021).
Baska bir ¢alismada, Bitlis ilinde manda yetistiriciligi
yapan isletme sahiplerinin %98.53’Unin erkek %
1.47’sinin kadin oldugu belirlenmistir (Ciftci ve Yil-
maz, 2020). istanbul ve Kocaeli illerinde gergeklestiri-
len bu arastirmada benzer sekilde isletme sahipleri-
nin gogunlugunun erkek (%90.5) oldudu ve isletme
Olgegi arttikga kadin yonetici oraninin kigik, orta ve
blylk olgekli igletmelerde sirasiyla %13.5, %7.3 ve
%6.1 olarak azaldigi belirlenmistir.

Bitlis, Mus, 1gdir, Samsun, istanbul, Afyonkarahisar
illerinde yapilan calismalarda Ureticilerin gogunlukla
ilkokul dizeyinde egitim aldiklari belirlenmis ve oran-
lan sirasiyla %55.9, %39.4, %35.8, %79.9, %81 ve %
62.12 olarak bildirilmigtir (GUnlu ve ark., 2010; Avcl,
2015; Isik, 2015; Ozkan ve ark., 2017; Ozger, 2018;
Ciftgi ve Yilmaz, 2020). istanbul ilinde yapilan bagka
bir calismada ureticilerin cogunlugunun (%68.75) lise
seviyesinin altinda, %31.25’inin ise lise seviyesi ve
Ustlinde egitim aldi§i (Kaygisiz ve ark., 2018); Balike-
sir ilinde yapilan bir calismada ise ortalama egitim
suresinin 6.58 yil oldugu belirlenmistir (Saner ve ark.,
2022). Bu arastirmada isletme sahiplerinin ¢ogunlu-
gunun ilkokul mezunu olmasi, diger illerde yapilan
calismalarla benzerlik gostermektedir. Universite
mezunu yetigtiricilerin tamaminin ise blylk 6lcekli
isletmelerde oldugu tespit edilmistir.

Turkiye genelinde ve Bitlis ilinde yapilan ¢alismalarda
sadece manda yetigtiriciliginden gelir elde eden Ureti-
ci orani sirasiyla %12.5 ve %82.35 olarak belirlen-
migstir (Ciftci ve Yilmaz, 2020; Altin, 2021). Balikesir
ilinde yapilan bir calismada ise Ureticilerin tamaminin
manda vyetistiriciligi yaninda baska gelir getirici faali-
yetlerle de ugrastigr belirtiimigtir (Saner ve ark.,
2022). Banglades’te yapilan bir galismada Ureticilerin
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hepsinin manda yetistiriciligi disinda ikincil faaliyetle
ugrastigi (islam ve ark. 2017), Sumatra’da yapilan
baska bir calismada manda yetistiriciliginin cogunluk-
la yan faaliyet kolu olarak yapildigi, Ureticilerin yalniz-
ca %17.1’inin ana faaliyet olarak bu hayvancilik kolu
ile ugrastigi bildiriimistir (Indrayani ve ark., 2023).
Sivas ilinde yapilan bir calisgmada Ureticilerin sadece
mandacilik faaliyetinde bulunmayi tercih etmedikleri
ayni zamanda blylk ¢ogunlugunun (%95) sigir yetis-
tiriciligi de yaptigi bildirilmistir (Ozdemir, 2021). Sam-
sun ilinde yapilan bir calismada isletme 6lcedi buyu-
dikce toplam gelirlerin de buyudugu belirlenmis an-
cak isletme 0lgegi ile diger faaliyetlerden elde edilen
gelirler arasinda bir iligki tespit edilememistir (Ozkan
ve ark., 2017). Mus ilinde yapilan bir ¢alismada ise
isletme geliri icerisinde en yuksek payin mandacihk
faaliyetinden saglandigi ve igletmedeki manda sayisi
ile gelir iligkisinin anlamh bulundugu belirlenmistir
(Istk, 2015). Bu arastirmada, yetistiricilerin %
48.4'intin sadece mandaciliktan gelir elde ettigi, %
51.6’sinin mandacilik disinda baska gelir getirici faali-
yetlerinin de oldugu belirlenmistir. Isletme dlgegi bi-
yudukee yillik gelir icerisindeki mandacilik geliri payi-
nin artig gosterdigi belirlenmistir. Bu durum, yetistirici-
lerin ikincil faaliyetten gelir elde etme ihtiyacinin oldu-
gunu ve manda yetistiriciliginden elde edilen gelirin
yetersiz oldugunu gdstermektedir.

Balikesir ilinde yapilan bir ¢galismada, manda Uretici-
lerinin  %70’inin tarimsal kooperatif faaliyetlerinde
aktif olarak yer aldigi belirtiimigtir (Saner ve ark.,
2022). Afyonkarahisar ve Samsun illerinde gercekles-
tirilen galismalarda manda Ureticilerinin sirasiyla %83
ve %67.4’Unin Damizlik Manda Yetistiricileri Birli-
gi'ne Uye oldugu belirtiimistir (Ginli ve ark., 2010;
Ozkan ve ark., 2017). Samsun ilinde isletme &lgegi-
nin bayimesiyle birlige Gyelik oraninin artis gésterdigi
tespit edilmistir. istanbul ilinde yapilan bir galismada
ureticilerin %13’Unun birlik ve kooperatiflere Gye ol-
duklari %87’sinin ise herhangi bir Gyeliginin bulunma-
digi belirlenmistir (Kaygisiz ve ark., 2018). Igdir ilinde
yapilan calismada tarimsal &rgltlere Uye olanlarin
oraninin %18.5 oldugu ortaya koyulmustur (Topuz ve
ark., 2021). istanbul ili Danamandira kdyiinde yapilan
baska bir calismada Ureticilerin %87’sinin herhangi
bir birlik ya da kooperatif Uyeliginin olmadigi belirlen-
migtir (Soysal ve ark., 2005). Bu arastirmada, Damiz-
ik Manda Yetigtiriciler Birligi'ne Uyelik oraninin %81,
kooperatif tUyelik oraninin da %12.7 oldugu ve isletme
blyuklugu arttikga Uyelik oraninin artis gdsterdigi
belirlenmistir. Yetistiricilerin 6rgutlenme bilinglerinin
yetersiz olmasi nedeniyle kooperatif Uyelik oranlari-
nin disidk oldugu dusiunulmektedir. Yetigtiricilerin
blylk bir kismi ise devlet destek ve tesviklerinden
yararlanmak igin Uretici 6rgltlerine Uye olmaktadirlar
(Altin, 2021).

Igdir ilinde yapilan bir g¢alismada Ureticilerin kredi/
bor¢ kullanim durumu incelendiginde, isletmelerin %
27.2’sinin yetistiricilik déneminin basinda borcunun

17



Yetistiricilerin sosyoekonomik yaplilari...

bulundugu, dénem sonunda ise bu oranin %30.4’e
ulastigi hesaplanmistir (Ozger, 2018). Banglades'te
yapilan galismada yetistiricilerinin %68’inin bu faaliyet
icin kredi kullandigi belirlenmistir (Siddiki ve ark.,
2015). Bu calismada ureticilerin %56.3’Gnin kredi
kullanmadigi belirlenmistir. Yetistiricilerin kredi kullan-
mama sebebi ihtiya¢c duymamalari ya da ihtiyag duy-
salar bile kredi faizini 6deyecek ekonomik glglerinin
olmamasidir.

Igdir ilinde yapilan ¢alismada Ureticilerin tamaminin
mandacilik faaliyeti ile ilgili egitim almadigi; Bangla-
des’te yapilan bir calismada ise Ureticilerin yalnizca
%3.5'inin bu alanda egitim aldigi belirlenmistir
(Ozger, 2018; Kabir ve ark., 2020). Sivas ilinde yapI-
lan bir calismada ureticilerin %37.7’sinin mandacilikla
ilgili toplanti ya da egitime katildigi ve %34.7’sinin il/
ilce Tarim ve Orman Mudurliklerinden egitim aldigi
%?2.5'i ise veteriner hekim ya da ziraat mihendislerin-
den dogrudan bilgi edindigi belirlenmistir (Ozdemir,
2021). Bu galismada mandacilk faaliyeti ile ilgili egi-
tim alan Ureticilerin orani %14.3 olarak belirlenmisgtir.

Balikesir, Mus ve Afyonkarahisar illerinde yapilan
calismalarda Ureticilerin ortalama yasi sirasiyla
45.89, 55.60, 46 olarak tespit edilmistir (Gunli ve
ark., 2010; Isik, 2015; Saner ve ark., 2022). Bursa
ilinde yapilan bir galismada da Ureticilerin biyik ¢o-
gunlugunun (%33) 31-40 yas araliginda oldugu belir-
lenmistir (Koyuncu, 2021). Igdir ilinde yapilan bir ¢a-
lismada ureticilerin %63.1'inin 41 ile 59 yas araligin-
da, %21.5’inin 20 ile 40 yas araliinda, %15.4’Unin
de 60 yasin uzerinde oldudu bildirilmistir. Bitlis ilinde
yapilan bir calismada 31-40 yas arasi ve 51 yas Ustl
ureticilerin sirasiyla %31.62 ve %32.25 oranlarinda
oldugu ortaya konulmustur (Ciftci ve Yilmaz, 2020).
Bu galismada Ureticilerin yas ortalamasi 52.48 olarak
hesaplanmigtir. Bu sonug, diger illerde bulunan so-
nuglarla benzerlik gostermekte, manda Ureticilerinin
yas ortalamasinin orta yas grubunda oldugunu ve
genclerin bu yetistirme faaliyetini tercih etmediklerini
ortaya koymaktadir.

Mus ve Igdir illerinde gergeklestirilen galismalarda
ureticilerin deneyiminin sirasiyla ortalama 26.89 yil ve
26 yil oldugu; Banglades'te yapilan bir calismada
ureticilerin %53’Unln 15 yildan daha uzun siredir, %
18’inin 6 ile 10 yildir, %16’sinin 11 ile 15 yildir ve %
13’Unln de 5 yildan az suredir bu faaliyette bulundu-
gu ortaya konulmustur (Isik, 2013; Islam ve ark.,
2017; Ozger 2018). Afyonkarahisarda gergeklestiri-
len bir galismada ureticilerin %78.79’'unun 20 yil ve
daha fazla suredir bu faaliyette bulundugu belirlen-
mistir (GUnlU ve ark., 2010). Bu ¢aligsmada Ureticilerin
deneyimi ortalama 32.88 yil olarak tespit edilmigtir.

Banglades’te yapilan bir ¢calismada Ureticilerin geliri-
nin buyik kisminin (%33) manda yetistiriciliinden
elde edildigi belirlenmistir (Kabir ve ark. 2020). Mus
ilinde yapilan bir galismada manda, bitkisel Gretim ve
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diger hayvansal Uretim faaliyetlerinden elde edilen
gelir oranlarinin sirasiyla %45.71, %37.85 ve %16.44
oldugu ortaya konulmustur (Isik, 2015). Samsun ilin-
de yapilan baska bir calismada tarimsal faaliyetler
icerinde hayvancilik gelirinin oraninin %52 oldugu,
hayvancilik faaliyeti icerisinde mandacihidin oraninin
da %46 oldugu bildiriimistir (Ozkan ve ark., 2017). Bu
¢alismada, manda Ureticilerinin toplam gelirleri iginde
manda yetigtiriciliginden elde ettikleri gelir orani orta-
lama olarak %72.58 olarak hesaplanmistir. Bu oran
kiiglk, orta ve blyUk olcekli isletmeler igin sirasiyla %
64.13, %77.68, %79.55 olarak belirlenmistir. Yetistiri-
cilerin gogunlugunun temel faaliyet olarak manda
yetistiriciligi yaptid1 ve isletme 6lcedi buyudukce bu
faaliyetten elde edilen gelir oraninin artis gosterdigi
anlasiimaktadir.

Mus, Balikesir, Afyonkarahisar ve Samsun’da yapilan
calismalarda sirasiyla Ureticilerin bu faaliyet igin orta-
lama 70.53 dekar, 58.65 dekar, 122 dekar ve 100
dekar arazilerinin oldugu belirlenmistir (Isik, 2015;
Ozkan ve ark., 2017; Saner ve ark., 2022). Bu calis-
mada Ureticilerin mandacilik faaliyetinde bulundugu
ortalama arazi buyukligl, 55.47 dekardir. Bu oran
kuguk, orta ve buylk &lgekli igletmeler igin sirasiyla
29.98, 49.51, 103.06 dekar olarak belirlenmistir. Kul-
lanilan arazi buyUkligiunin Mus, Afyonkarahisar ve
Samsun illerinde kullanilan arazi buyukliklerinden
daha disik olmasi galisma bdlgesinde mandacilik
faaliyetinin diger bolgelere kiyasla kisith bir alanda
yapildigini ortaya koymaktadir.

istanbul ilinde yapilan bir galismada ortalama olarak
sagilan hayvan sayisi 26 bag, laktasyon sit verimi
1428 kg, sagilan gin sayisi 226 gin oldugu saptan-
mistir (Kaygisiz ve ark., 2018). Mus ilinde yapilan bir
calismada ortalama olarak sagilan hayvan sayisi
4.56 bas, hayvan basina glnlik sut Gretimi 4.51 kg,
laktasyon siresi 211.60 gin ve laktasyon siit verimi
954.42 kg olarak bildirilmistir (Isik, 2015). Afyonkara-
hisar ilinde yapilan bir calismada ortalama olarak
sagilan hayvan sayisi 643.08 bas, laktasyon sut veri-
mi 893.4 kg olarak belirlenmistir (Yilmaz, 2013). Tur-
kiye genelinde yapilan bir galismada ortalama olarak
laktasyon suresi 224.59 giin olarak tespit edilmistir
(Altin, 2021). Bu galismada ise ortalama olarak sagi-
lan hayvan sayisi 25.93 bas, hayvan basina gunlik
sut dretimi 4.91 It, laktasyon suresi 230.16 glin ve
laktasyon sut verimi 1159.97 kg olarak belirlenmistir.
Laktasyon siiresi, Tiirkive genelinde ve Istanbul'da
yapilan ¢alisma sonuglariyla benzer bulunmustur.

Sonug olarak; igletmelerin karliliklarinin artmasi, sos-
yal ve ekonomik agidan suirdurilebilirliklerinin saglan-
masinda Ureticilerin yetistiricilik faaliyetlerini bilingli bir
sekilde yapmasinin blylk katkisi bulunmaktadir.
Manda ureticilerinin egitim seviyesinin arttiriimasi ¢ok
o6nemlidir. Temel egitimin yani sira devlet aracilidiyla
Ureticilerin yetistirme, pazarlama, érgitlenme ve iglet-
me ekonomisi konularinda bilgi edinmelerini saglaya-
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cak olan mesleki ve teknik egitimlere katihmlarini
arttiracak sartlarin gelistiriimesi ile igletmelerin mali-
yetlerinin diguUrulmesi ve gelirlerinin artirlmasinda
onemli rol oynayan kooperatif ve birliklere katiimin
artirlmasi icin devlet tesvik ve desteklemelerine ihti-
ya¢ bulunmaktadir.
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Anket sorularini yanitliayan Istanbul ve Kocaeli illerin-
deki manda Ureticilerine tesekkur ederiz.
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Oz: Bu calismada, buzagilarda efektif mikroorganizma (EM) ve karahindiba ekstraktinin (KH) performans [canli agirlik
(CA), canhl agirlk artisi (CAA), yemden yararlanma orani (YYO), vicut 6lgileri], rumen ugucu yag asitleri (UYA) Gizerin-
deki etkilerinin belirlenmesi amaglanmistir. Calismada toplam 80 buzagi, irklari (10 Holstayn, 10 Simental), yaslari (73
gunlik), canli agirliklar (405 kg), ve cinsiyetleri (10 erkek, 10 disi) benzer olacak sekilde bir kontrol ve l¢ deneme
grubu (EM, KH ve EM + KH) olmak Uzere her grupta 20 buzagi olacak sekilde toplam dért gruba ayrildi. Calismada yer
alan butin buzagilarin beslenme programlari ayni olup, deneme grubunda bulunan buzagilara kontrol grubundan farkl
olarak, EM grubunda buzagi basina gunlik 10 ml EM ve KH grubunda 5 gr karahindiba ekstresi ve EM + KH grubunda
ise 10 ml EM ile 5 gr KH site katilarak oral yolla igirildi. Simental irki buzagilara KH, EM veya KH+EM verilmesinin
performans parametreleri (CA, CAA, YT, YY), vicut olclleri ve rumen UYA (asetik asit, butirik asit, propiyoinik asit)
oranini énemli oranda etkilemedigi belirlendi. Ote yandan Holstein irki buzagilara KH verilmesinin yem tiiketimini
Oonemli oranda artirdidi belirlendi. Holstein irki buzagilara sitten kesim dncesi dbnemde KH verilmesinin yemden yarar-
lanma oranini etkilemedigi ancak EM veya KH+EM verilmesinin yemden yararlanma oranini olumsuz etkiledigi belirlen-
di. Holstein irki buzagilara sutten kesim 6ncesi dénemde KH verilmesinin sagri genisligi ve ginlik sagr genisligi artisi-
ni distrdigu ancak muamelelerin deneme sonu rumen UYA diizeyleri, cidago ylksekligi, sagn yliksekligi, vicut uzun-
lugu, beden derinligi ve gogus cevresi ile gunlik cidago yuksekligi artisi, sagr yuksekligi artisi, vicut uzunlu artisi,
beden derinligi artisi ve gogus cevresi artisini etkilemedigi kaydedildi. Sonug olarak, ruminantlarda gerek bitki ekstrak-
lari gerek probiyotiklerin ve prebiyotiklerin yem katkisi olarak kullanildigi galisma sayisi bu katkilarin etkileri konusunda
kesin kanaat olusturmak icin oldukga yetersiz olup ruminantlarda ¢ok daha fazla galisma yapilmasinin gerekli oldugu
disunilmektedir.

Anahtar kelimeler: Buzagi, efektif mikroorganizma, karahindiba ekstrakti, performans

The Effect of Effective Microorganisms and Dandelion Extract on Performance of Calves
Abstract: In this study, it was aimed to determine the effects of effective microorganism (EM) and dandelion extract
(KH) on performance [live weight (CA), live weight gain (CAA), feed conversion ratio (FLF), body dimensions] rumen
volatile fatty acid in calves. In the study, a total of 80 calves were included in a control group and three experimental
groups (with similar breeds (10 Holstein, 10 Simental), age (7+3 days), body weight (4015 kg), and gender (10 males,
10 females). EM, KH and EM + KH) were divided into four groups with 20 calves in each group. The feeding programs
of all the calves in the study were the same, and unlike the control group, the calves in the experimental group were
given 10 ml of EM per calf per day, and 5 g of dandelion extract in the KH group, and 10 ml of EM and 5 g KH in the
EM + KH group. way drunk. It was determined that the administration of KH, EM or KH+EM to Simmental calves did
not significantly affect the performance parameters (CA, CAA, YT, YY), body measurements and rumen VFA (acetic
acid, butyric acid, propionic acid) ratio. On the other hand, it was determined that the administration of CH to Holstein
calves significantly increased feed consumption. It was determined that the administration of CH to Holstein calves in
the pre-weaning period did not affect the feed conversion ratio, but the administration of EM or CH+EM negatively af-
fected the feed conversion ratio. HR administration to Holstein calves in the pre-weaning period decreased the rump
width and daily rump width increase, but the treatments showed that rumen VFA levels, withers height, rump height,
body tip, body depth and chest circumference, and daily withers height increase, rump height increase, body It was
noted that it did not affect the increase in length, increase in body depth and increase in chest circumference. As a
result, the number of studies in which both plant extracts and probiotics and prebiotics were used as
feed additives in ruminants are quite insufficient to form a definitive opinion on the effects of these additives, and it is
thought that much more studies should be done in ruminants.
Keywords: Calf, dandelion extract, effective microorganism, performance
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Buzagilarda performans...

Giris

Bir hayvancilik isletmesinin temel hedefi; yiksek ve-
rimli, Ustin vasifli ve ekonomik verim saglayan bir
suruye sahip olmaktir. Sut siircihginin karli ve sur-
dirulebilir olmasinda en 6nemli faktérlerden biri sag-
likli buzagilarin yetigtiriimesidir. Dogum sonrasi ba-
kim ve besleme, buzaginin ilerleyen yaslarda perfor-
mansini etkilemektedir. Damizlik sut sigir isletmele-
rinde dodan buzadilarin ilerleyen yaslarda siruyu
temsil edecek olmalari buzagdi bakim ve beslenmesi-
nin 6nemini gdstermektedir. Buzag! hastaliklarinin;
uzun vadeli etkilerinin yani sira 6lim ve tedavi mas-
raflari gibi dogrudan kayiplar karliligi da etkilemekte-
dir (Unlii ve ark., 2013). Buzagilarda dogum sonrasi
bagisikhk sistemi yeterince gelismedigi icin bu do6-
nemde hastalia yakalanma riski ve 6lim orani daha
yuksektir. Bu dénemde buzagilarda karsilasilan en
onemli sorunlar gastro intestinal ve solunum yolu
hastaliklari olup bu hastaliklarin etiyolojisinde mikro-
biyolojik, immunolojik, beslenme, genetik, fiziksel ya
da fizyolojik nedenler bulunmaktadir (Unlii ve ark.,
2013; Yavuzarslan, 2018). Buzagd: rasyonlarinda, 6n
midelerin gelisimi ve bagirsak florasinin olusumunu
hizlandirmak, dengeli bir mikroflora olusumunu tesvik
etmek, hayvansal uretimde verimliligi arttirmak (yem
tiketimi ve canli agirlik artigini), buzag élimlerini ve
ekonomik kayiplari azaltmak amaciyla; probiyotikler,
prebiyotikler, aromatik bitki ve ekstraklari, esansiyel
yag/yag karigimlari ve enzimler gibi yem katki mad-
delerinin kullanilabilirliginin belirlenmesi konusunda
aragtirmalar yayginlasmistir (Unlii ve ark., 2013).
Preruminanat olan buzagilarda dogum sonrasi rume-
nin miktobiyel ve anatomik gelisimi buzadi saghgi ve
performansini etkileyen en 6nemli hususlardandir.
Rumenin anatomik gelisiminin en énemli gdstergele-
rinden olan villuslarin uzunlugu ise rumende meyda-
na gelen UYA sentezi ve oranindan dogrudan etkile-
nir. Probiyotik mikroorganizmalarin (Aspergillus ory-
zae, Saccharomyces cerevisiae gibi) rumendeki O'i
kullanarak, anaerobik rumen mikroorganizmalarin
sayisini (selllolitik, hemiselulolitik, pektinolitik ve ami-
lolitik) ve yemlerin sindirimini arttirmak sureti ile UYA
konsantrasyonlarini ylkseltip rumen flora ve faunasi-
nin gelisimine katki sagladiklari ifade edilmektedir.
Buzagilara laktik asit Ureten (Streptococcus bovis ve
Lactobacillus) veya laktat kullanan
(Probionibacterium acnes’in ve Aspergillus oryzae)
probiyotik bakterilerin birlikte verilmesinin rumende
papilla gelisimi ve UYA Uretimini arttirdigi bildirilmistir
(Saripinar ve Sulu, 2005; Kocaoglu Gugli ve Kara,
2009). Probiyotiklerin buzagilarda rumen gelisimi ve
surdurilebilir normal bir bagirsak mikroflorasi olustu-
rulmasina sagladiklari olumlu etkiler nedeni ile morbi-
dite olaylarini azaltmak, bliyiime performansini, yem-
den yararlanmayi ve giinlik canli agirlik artigini arttir-
mak amaciyla kullanilabilecekleri ileri sirtlmektedir
(Jouani ve Morgavi, 2007). Preruminant olan buzagi-
larda, bagirsak sagligini gelistirmek, erken kati yem
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tuketimini tesvik etmek ve blylumeyi iyilestirmek igin
sut veya baglangi¢c yemlerine dogru ve yeterli miktar-
da probiyotik eklenebilecegi bildiriimistir (Ewaschuk
ve ark., 2004). Bu ¢alismalarin bazilarinda probiyotik-
lerin canli agirlik (CA), canh agirlik artisi (CAA), yem-
den yararlanma orani (YYO)'ni artirdigi, hastalik ve
O6lim oranini azalttigi belirlenmistir (Meyer ve ark.,
2001; Isik ve ark., 2004; Timmerman ve ark., 2005;
Frizzo ve ark., 2010; Zhang ve ark., 2016). Ote yan-
dan bazi galismalarda da probiyotiklerin buzagilarin
blyume performansini ve sagligini etkilemedigi tespit
edilmistir (Jenny ve ark., 1991; Abu-Tarboush ve ark.,
1996).

Taraxacum officinale veya karahindiba (Asteraceae
veya Compositae ailesi), diinya ¢apina yayilmis yeni-
lebilir bir bitkidir. Karahindiba, gida urtnlerinde dlnya
capinda yaygin olarak kullaniimaktadir. Besleyici
olmasinin yaninda, geleneksel olarak gesitli hastalik-
larinin énlenmesi, yénetimi ve tedavisi icin bir diyet
takviyesi ve bitkisel ilag olarak da o6nerilmektedir.
Gunumuze kadar halk arasinda tedavi edici olarak
yaygin kullanilan Taraxacum turleri (izerinde ¢ok sa-
yida kimyasal calismalar yapilmig; dnemli biyoaktif
maddeler izole edilmistir. Taraxacum tirlerinden;
seskiterpen lakton, triterpen, norisoprenoid, sterol,
lignan, flavonoid, kumarin, tanen, karbohidrat, orga-
nik asit, yag asidi, amino asit ve karotenoid tirevi
maddeler elde edilmis olup bu bitkinin anti-
inflamatuar, anti-timér, immunostimulatér, anti-
mikrobiyal, anti-viral, antioksidan, anti-diyabetik, idrar
sokturiclu ve bobrek koruyucu dahil olmak Uzere sa-
yisiz biyolojik potansiyele sahip oldugunu gdstermis-
tir.  Karacigeri-koruyucu,  néro-koruyucu,  anti-
depresan, akciger-koruyucu, pankreas-koruyucu gibi
etkilerinin yani sira dislipidemi, hematolojik profil,
mide motilitesi, yorgunluk ve bifidobakteriler Uzerinde
olumlu etkisi oldugu saptanmigtir. Bununla birlikte, bu
Ozelliklerin tam etki mekanizmasi tam olarak anlasil-
mamistir (Ho ve ark., 1998; Kim ve ark., 2000; Yun
ve ark., 2002; Ertas ve ark., 2005; Hu ve Kitts, 2005;
Amin Mir ve ark., 2016; Qureshi ve ark., 2017; Jalili
ve ark., 2020).

Bu calismada, yeni dogan buzagilara siitten kesilene
kadar ki donemde siite ilave edilen probiyotik (efektif
mikroorganizma-EM®) (10ml/gin) ve karahindiba
ekstraktinin (5 gr/gtin)’nin buyime performansi, ru-
men ugucu yag asitleri, saglik ve karlilik Gzerine etki-
lerinin belirlenmesi amaglanmistir.

Gereg ve Yontem

Calismaya baglamadan énce Erciyes Universitesi
Hayvan Deneyleri Yerel Etik kurulundan gerekli izin
alindi (Tarih: 08.09.2021; Karar No: 21/198). Calis-
mada toplam 40 Simental ve 40 Holstein olmak lizere
80 buzagi kullanildi. Calismada 2. ve/veya 3. laktas-
yondaki ineklerin buzagilari kullanildi. Buzagilar can-
I agirliklari (CA) (4015 kg), yaslari (7x3 glinlik),
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irklari (10 Holstayn, 10 Simental) ve cinsiyetleri (10
disi, 10 erkek) benzer olacak sekilde bir kontrol ve g
deneme grubu (EM, KH ve EM + KH) olmak uzere
her grupta 20 buzagi olacak sekilde toplam dort gru-
ba ayrildi. Calismada yer alan bitiin buzagilarin bes-
lenme programlari ayni olup, deneme grubunda bulu-
nan buzagilara kontrol grubundan farkli olarak, EM
grubunda buzagi basina gunlik 10 ml EM ve KH
grubunda 5 gr karahindiba ekstresi ve EM + KH gru-
bunda ise 10 ml EM ile 5 gr karahindiba esktresi sute
katilarak oral yolla igirildi. Calismada kullanilan probi-
yotik katki maddesi (EM Agriton®, Okinova, Japon-
ya), Lactobacillus fermentum, Lactobacillus planta-
rum, Lactobacillus rhamnous, Lactobacillus casei ve
Lactobacillus delbrueckii laktik asit bakterileri ve
Saccharomyces cerevisiae mayasi igcermektedir. Bu
ticari katki maddesi 1*107 cfu/g mikroorganizma icerir
ve pH degeri 3-3.85'dir. Calismada kullanilan buzagi
baslangic yemi, yonca samani ve sutin kimyasal
bilesimleri Tablo 1’de verilmistir.

Berrin KOCAOGLU GUGLU

moni, septisemi vb.) gbézlemlenerek hastaliklarda
kullanilan tedavi prosedurleri ve ilaglar kayit altina
alindi.

Deneme basi ve deneme sonu vucut Olguleri arasin-
daki fark calisma siresine béliinerek ginlik cidago
yuksekligi artisi (GCYA), gunlik sagri yuksekligi artigi
(GSYA), gunlik beden derinligi artisi (GBDA), gunlik
g6gus cevresi artisi (GGCA), ginlik vicut uzunlugu
artisi (GVUA) ve gunlik sagr genislidi artisi (GSGA)
belirlendi. Calismanin sonunda her gruptan bes bu-
zaginin rumen sivilarn (beslemeden yaklasik 2 saat
sonra) rumen sondasi ile alindi. Tukurik kontaminas-
yonunu en aza indirmek igin énce 10 mL rumen sivisi
atildi ve ardindan analiz igin yaklasik 20 mL rumen
sivisi (hem kati hem de sivi fraksiyonlar) toplandi.
Rumen sivisi hemen laboratuvara getirildi ve ugucu
yag asidi (UYA) kaybini 6nlemek icin buz torbali
termos vidal kapakli bir falcon tiipe (50 mL hacimsel)
konuldu. Rumen UYA'nin (asetik, biitirik, propiyonik,

Tablo 1. Buzag! baslangi¢ yemi, yonca samani ve sutiin kimyasal bilesimleri, %

Besin Bilesenleri Buzagi baslangi¢ yemi Yonca samani Siit

KM 91.35 92.86 12.76

HP 20.45 16.47 3.39

KH 7.71 11.52 -

Ham lif 7.30 21.10 -

Yagsiz KM - - 8.83

KM: Kuru madde, HP: Ham protein, HK: Ham kil

Buzagilara dogumdan itibaren siitten kesilene kadar izo-bitirik, valerik, heksanoik, izo-kaproik, n-

yemlik ve suluk iceren bireysel buzagi kulibesinde
bakildi. Tim buzagilara dogumdan sonraki ilk 30
dakika iginde canh agirhdinin %8-10'u oraninda bibe-
ronla kolostrum G¢ 6gun verildi. Bireysel kulUbelerin-
de barindirilan buzagilara 10 gunlik yastan itibaren
g¢alisma boyunca buzagi baslangic yemi (%90) ve
yonca otu (%10) kanistirilarak verildi. Su ad-libitum
verildi. Calisma boyunca (70 glin) her buzagiya orta-
lama 6 l/gin tam yagh sit (38°C) biberonla verildi.
Buzagilara verilen tim sivi ve kati yemler gunlik
olarak tartildi ve kaydedildi. Gunluk kuru yem tiketi-
mi, hayvanlara verilen baslangi¢c yemi ve yonca kuru
ot karisiminin kalan miktarlari toplanip tartilarak belir-
lendi. Toplam kuru madde tlketimi, sitten alinan
kuru madde (KM) ve kati yemden alinan KM
(baslangig yemi+yonca kuru otu ) toplamindan he-
saplandi. Yemden yararlanma orani (YYO), tiketilen
toplam kuru maddenin (KM) (stut KM + kati yem KM)
buzagilarin toplam canl agirlik artisina béliinmesiyle
hesaplandi. Buzagilar ¢alisma basinda (0. gln) ve
sonunda (70. glin) bireysel olarak 0.1 kg hassasiyette
kantarda tartildi ve CA’lan kaydedildi. Caligma basi
ve sonunda tim buzagilarin cidago yuksekligi (CY),
sagn ylksekligi (SY), beden derinligi (BD), gogus
cevresi (GC), vucut uzunlugu (VU) ve sagn genisligi
(SG) bireysel olarak mezir ve 6l¢t bastonu kullanila-
rak beslenme 6ncesinde 6lglldi. Calisma boyunca
buzagilarda gérilen hastalik semptomlari (ishal, pné-

heptanoik ve izovalerik asitler) konsantrasyonlar
(mmol/L) olarak tanimlandi. Xcalibur™ yazilimini
(Thermo Scientific™) kullanan bir polietilen-glikol
bazli fazli GC Situnu (Thermo ScientificTM, TRACE
TR-WAX GC Situnu, ABD) ile bir GC-FID cihazi
(Thermo Trace 1300, Thermo Scientific, ABD) kulla-
nildi.

Ekonomik analiz

Ekonomik analiz dederlendirmesinde, iscilik, elektrik,
su gibi masraf unsurlari, biitin gruplarda esit varsa-
yildigindan toplam maliyet hesaplamasinda dikkate
alinmadi. Buzag! besleme, tedavi ve kontrol harca-
malari maliyet hesabi dikkate alindi. Arastirmada
kullanilan buzagi baslangi¢ yeminin fiyati 7.5 TL/kg,
yonca kuru ot fiyati 5.6 TL/ kg, sut fiyati 9/LT, kara-
hindiba fiyati 1 TL/kg, EM fiyati 3 TL/ LT olarak alind1.
Toplam gelir hesaplamasinda buzagi fiyati 200 TL/kg
CA olarak kabul edildi. Karlilik, toplam gelirden top-
lam maliyetin ¢ikarilmasiyla hesaplandi. Buzagi bes-
lemede KH ve EM kullaniminin etkilerini belirlemek
icin kismi butce analizi yapildi. Kismi bltce analizi ile
isletmedeki veya Uretim sisteminde yapilan herhangi
bir degisikligin, yuritulen faaliyete olan olumlu veya
olumsuz etkisinin belirlenmesi hedeflendi. Kismi biit-
¢e analizi sonucunda elde edilen net gelir artig| asa-
gidaki formil yardimiyla hesaplandj;
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Buzagilarda performans...

Net Gelir = (ila_\ve gelir artigi + Azalan maliyetler) —
(Azalan gelir + llave maliyetler)

Istatistiksel analiz

Verilerin normal dagilima uygunlugu Q-Q plot, histog-
ram grafigi ve Shapiro Wilk testi ile degerlendirildi.
Grup, itk ve cinsiyet, degiskenlerinin bagimli degis-
kenler Uzerindeki etkilerini dederlendirmek amaciyla
2-yénlii varyans analizi uygulandi. Ikiden fazla ba-
gimsiz grubun ortalamalari arasindaki farkin énem
kontrolleri parametrik test varsayimlarini saglayan
degiskenler icin Tek YOnllu Varyans Analizi (ANOVA);
parametrik test varsayimlarini saglamayan degisken-
ler igin Kruskal Wallis testi ile yapildi. Verilerin goste-
riminde Aritmetik Ortalama + Standart Hata ve Ortan-
ca (1. Ceyreklik- 3. Ceyreklik) kullanildi. Verilerin
istatistiksel ~ analizleri R 4.2.1 (https://cran.r-
project.org) yazilimi ile yapildi. Anlamlilik seviyesi P
< 0.05 olarak belirlendi.

Bulgular

Irklara ve deneme gruplarina gére deneme bagsi ve
deneme sonu performans parametreleri Tablo 2’de
verilmistir.

Deneme baslangici ve deneme sonu CA irk ve grup-
lar agisindan istatistiksel olarak anlamli bir farklilik
gostermemistir (P>0.05). Holstein irki buzagilarda
kontrol ve deneme gruplari arasinda gunlik GCAA
istatistiki olarak énemli oranda etkilenmesine karsin,
Simental irkinda 6nemli bir degisiklik belirlenmemistir.
Calismada, 5 g/giin/hayvan KH ile beslenen Holstein

Tablo 2. Irk ve gruplara gore performans parametreleri
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buzagilarnn GCAA'I EM ve KH+EM grubuna gére
o6nemli oranda, kontrol grubuna gére ise rakamsal
olarak daha vyilksek bulunmustur. Ote yandan
KH+EM grubunda GCAA’inin kontrol grubuna gore
onemli oranda duslk oldugu saptanmistir. CAA de-
giskeni Uzerinde grup degiskeninin etkisi ve grup*irk
etkilesimi anlamli bulunmustur (Sirasiyla P=0.043 ve
P=0.017). Calismada, Simental irki buzagilarda kulla-
nilan katkilarin YT'ni etkilemedigi, ancak KH verilen
Holstein buzagilarin YT nin, kontrol ve KH+EM grubu-
na gbre dnemli oranda yuksek oldugu tespit edilmistir
(P=0.002). Holstein buzagilarda KH ilavesi YT'ni
kontrol grubuna gére %19.6, Simental buzagilarda
ise %14.1 oraninda artirmistir. Calismada Holstein
irki buzagilarda tek basina KH kullanilan gruplarda
YYO bakimindan énemli bir degisiklik belirlenmez-
ken, EM veya KH+ EM gruplarinda YYO kontrol gru-
buna goére olumsuz etkilenmistir. Simental irklarda ise
kullanilan katkilarin YYO 6nemli bir etkisi belirlenme-
migtir. Yemden yararlanma degiskeni Uzerinde grup
ve Irk degiskenlerinin etkisi anlamli bulunmustur
(P=0.006 ve P=0.007) (Tablo 2).

Irklara ve deneme gruplarina gére deneme basi ve
deneme sonu vicut olglerine iliskin dlgimler Tablo
3a ve Tablo 3b’de verilmistir.

Grup / Irk Holstein Simental F P
Deneme sonu canli agirliklan (kg)

KH 84.89+2.83 79.75+4.13 Grup 0.685 0.564

EM 78.36+2.65 80.37+1.95 Irk 0.738 0.393
KH+EM 72.64+2.98 84.66+3.31 Grup * Irk 2.668 0.054
Kontrol 82.60+2.47 81.34+2.40

Giinliik canli agirhgr artisi (kg)

KH 0.76+0.02° 0.71+0.04 Grup 2.861 0.043

EM 0.62+0.04"° 0.68+0.03 Irk 2.915 0.092
KH+EM 0.55+0.04° 0.73+0.04 Grup * Irk 3.644 0.017
Kontrol 0.70+0.03%® 0.69+0.03

Yem tiiketimi (gr)

KH 1494 .37+59.89° 1370.70+91.63 Grup 5.556 0.002

EM 1281.61+57.58% 1312.04+42.52 Irk 0.031 0.862
KH+EM 1119.33+54.18° 1291.34+50.28 Grup * Irk 2.008 0.120
Kontrol 1248.99+36.80° 1201.12+65.16

Yemden yararlanma oranlari

KH 1.97+0.064°* 1.9110.056 Grup 4.534 0.006

EM 2.10+0.043% 1.95+0.087* Irk 7.653 0.007
KH+EM 2.08+0.072%" 1.78+0.050° Grup * Irk 1.415 0.245
Kontrol 1.79+0.051* 1.75+0.095"

EM: Efektif Mikroorganizma KH:Karahindiba Ekstrakt
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Tablo 3a. Irk ve gruplara goére viicut élglleri

Berrin KOCAOGLU GUGLU

Grup / Irk Holstein Simental F P
Deneme sonu cidago yuksekligi (cm)
KH 90.08+1.17"  85.88+1.47° Grup 0.328  0.805
EM 88.50+0.76"  86.14+1.40" Irk 8.114  0.006
KH+EM 87.07+0.64"  87.60+1.08®  Grup*Irk 1589  0.200
Kontrol 89.46+0.88"  86.86+0.59"
Giinlik cidago yiiksekligi artisi (cm)
KH 0.18+0.01 0.1440.02 Grup 0.593  0.622
EM 0.1620.02 0.18+0.02 Irk 0.658  0.420
KH+EM 0.1440.02 0.17+0.01 Grup *Irk  1.952  0.129
Kontrol 0.17+0.01 0.13+0.02
Deneme sonu sagri yiiksekligi (cm)
KH 94.67+1.25"  90.50+1.50° Grup 0.474  0.701
EM 93.83+0.89"  91.43+1.59* Irk 7.150  0.009
KH+EM 92.07+0.71"  93.00+1.05*  Grup*Irk 1.677 0.180
Kontrol 95.23+0.95"  92.14+0.51B
Giinliik sagn yiiksekligi artigi (cm)
KH 0.20+0.02 0.16+0.02 Grup 0.479  0.698
EM 0.19+0.01 0.21+0.02 Irk 0.620 0.434
KH+EM 0.16+0.02 0.20+0.01 Grup *Irk  3.339  0.024
Kontrol 0.20+0.01 0.15+0.02
Deneme sonu sagri genisligi (cm)
KH 28.25+0.62° 29.13+0.83 Grup 3226  0.028
EM 28.75£0.35%®  29.71+0.64 Irk 1.998 0.162
KH+EM 29.43+0.51*  30.40+0.81 Grup *Irk 0217  0.885
Kontrol 30.69+0.65° 30.71+1.13
Giinliik sagn genisligi artigi (cm)
KH 0.09+0.01"* 0.110.01® Grup 3.506  0.020
EM 0.09+0.01°" 0.110.01% Irk 4173  0.045
KH+EM 0.11+0.01%4 0.12+0.018 Grup*Irk  0.072 0.975
Kontrol 0.12+0.01%* 0.130.02"
Viicut uzunlugu (cm)
KH 89.42+1.50"  85.13+1.81° Grup 0.133  0.940
EM 87.83+1.20"  85.00+1.86° Irk 5965 0.017
KH+EM 87.57+0.96"  85.80+0.80° Grup*Irk 0.269  0.847
Kontrol 88.15+1.74"  86.14+1.01®
Viicut uzunlugu artisi (cm)
KH 0.32+0.02 0.25+0.03 Grup 0.197  0.898
EM 0.28+0.02 0.30+0.03 Irk 1.786  0.186
KH+EM 0.29+0.02 0.26+0.02 Grup *Irk  1.248  0.299
Kontrol 0.28+0.02 0.26+0.02

EM: Efektif Mikroorganizma KH:Karahindiba Ekstrakti

Calismada, cidago yuksekligi artisi, sagr yiksekligi,
sagri yuksekligi artisi, sagri genisligi, vicut uzunlugu
artisi, beden derinligi artisi, gégus cevresi, goégus
cevresi artisi degiskenleri Uzerine irk faktorinin
onemli bir etkisi bulunmazken, cidago yiksekligi,
sagn genisligi artigi, viicut uzunlugu, beden derinligi
degdiskenleri lzerine irk faktérinin etkisi énemli bu-
lunmustur. Kullanilan katkilarin her iki irkta da dene-
me sonu cidago yikseklidi, sagri yuksekligi, vicut

uzunlugu, beden derinligi ve gogus gevresi ile ginlik
cidago yuksekligi artisi, sagri yuksekligi artisi, vicut
uzunlu artisi, beden derinligi artisi ve goégls c¢evresi
artisini etkilemedigi kaydedildi. Ancak Holstein irki
buzagilara sutten kesim éncesi dénemde KH verilme-
sinin sagri genisligi ve ginlik sagri genisligi artigini
disirdigu belirlendi (Tablo 3).
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Tablo 3b. Irk ve gruplara gore viicut dlguleri
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Grup / Irk Holstein Simental F P
Deneme sonu beden derinligi (cm)
KH 43.08+0.54" 41.00+0.65° Grup 0.186 0.906
EM 42.25+0.59" 41.57+0.37% Irk 4.184 0.045
KH+EM 41.57+0.68" 42.00+0.71% Grup * Irk 1.239 0.302
Kontrol 43.15+0.60" 41.43+0.90"
Giinliik beden derinligi artigi (cm)
KH 0.15+0.01 0.12+0.01 Grup 0.238 0.869
EM 0.13+0.01 0.1510.01 Irk 0.156 0.694
KH+EM 0.13+0.01 0.15+£0.02 Grup * Irk 2.295 0.085
Kontrol 0.15+0.01 0.13+0.02
Deneme sonu gogiis gevresi (cm)
KH 100.08%1.37 96.00+1.55 Grup 0.740 0.532
EM 98.67+£1.18 96.29+1.27 Irk 1.606 0.209
KH+EM 94.93+0.96 98.60+1.40 Grup * Irk 2.774 0.048
Kontrol 99.85+1.19 97.71+£1.41
Giinliik gogiis cevresi artisi (cm)
KH 0.39+0.02 0.31£0.03 Grup 0.265 0.851
EM 0.36+0.02 0.34+£0.02 Irk 0.447 0.506
KH+EM 0.31+£0.02 0.41+£0.02 Grup * Irk 5.575 0.002
Kontrol 0.39+0.02 0.34£0.03

EM: Efektif Mikroorganizma KH:Karahindiba Ekstrakti

Deneme gruplarina gére ugucu yag asitlerinin diuizey-
leri (asetik asit, propiyonik asit, iso-butirik asit, butirik
asit, iso-valerik asit, valerik asit) Tablo 4’de verilmis-
tir.

istatistiksel farklilik tespit edilmistir (P<0.05). Buzagi-
larda kullanilan KH ve EM sitten kesim dénemi sonu-
cunda karlilik bakimindan kontrol grubunun gerisinde
kalmistir (Tablo 5).

Tablo 4. Asetik asit, propiyonik asit, iso-butirik asit, bitirik asit, iso-valerik asit, valerik asit degdiskenleri Uzerinde

grup degiskeninin etkisi ( mmol/l)

Degiskenler Gruplar
KH EM KH+ EM Kontrol b

Asetik asit 60.20 59.56 64.57 61.54 0.356
Propiyonik asit 18.00+0.86 19.38+1.40 16.34+1.28 18.24+1.54 0.486
iso-biitirik asit 0.48+0.17 0.46+0.06 0.61+0.14 0.59+0.12 0.761
Biitirik asit 19.69+0.74 18.80+0.89 17.01x2.27 16.39+1.68 0.334
iso-valerik asit 0.63+0.09 0.52+0.05 0.57+0.08 0.75+0.06 0.138
Valerik asit 1.48+0.09 1.19+0.20 1.48+0.22 1.38+0.08 0.500

EM: Efektif Mikroorganizma KH:Karahindiba Ekstrakti

Calismada rumen ugucu yag asitleri diizeyi bakimin-
dan gruplar arasinda anlamli bir farkhlk tespit edil-
memistir(Tablo 4).

Calisma bulgularina goére, toplam maliyet bakimindan
kontrol grubu ile deneme gruplari arasinda istatistik-
sel farkhhk bulunmustur (P<0.05). Kontrol grubu de-
neme gruplarina gére daha disik maliyette sitten
kesilme yasina ulasmistir. Toplam gelir yéninden
gruplar kontrol grubu ile deneme gruplari arasinda
istatistiksel olarak fark tespit edilmemigken net kar
bakimindan kontrol ile deneme gruplari arasinda
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Tartisma ve Sonug

Antimikrobiyallerin hayvansal Uretimde kullaniimasi-
nin yasaklanmasi nedeniyle buzagilarin bagirsak
enfeksiyonlarina ve ishale karsi duyarhliklarini en aza
indirmek ve bagirsak sagligini iyilestirmek icin yeni
stratejilere ihtiyag duyulmaktadir. Bu nedenle siit
emme doénemindeki buzagilara antibiyotiklerin yerine
daha guvenli olan yem katki maddelerinin verilmesi
Uzerine galismalar artmistir. Buzagi saghgini dolayisi
ile bliyime ve gelisimini iyilestirmek amaciyla bagir-
sak mikrobiyomunun maniptle edilmesi icin probiyo-
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Berrin KOCAOGLU GUGLU

Tablo 5. Buzagilarda KH ve EM kullaniminin ekonomik yansimasi

KH EM KH+EM Kontrol P
Toplam Maliyet 5511.7+59.2™ 5371.1£68.7° 5582.2+69.2° 5107.1+41.9° <0.001
Toplam Gelir 16567.0+474.3 15898.9+407.4 15162.1+£553.6 16541.0+£371.1 0.107
Kar 11055.3+441.5°  10527.8+380.1™° 9579.9+521.3° 11433.9+344.5°  0.018

EM: Efektif Mikroorganizma KH:Karahindiba Ekstrakti

tik ve prebiyotiklerin kullaniimasi iyi bir segenek hali-
ne gelmistir (Cangiano ve ark., 2020; Fernandez-
Ciganda ve ark., 2022). Ayrica son yillarda biyime-
nin desteklenmesi amaciyla, hayvan yetistiriciliginde
alternatif yem katki maddesi olarak bitki ekstratlari ve
aromatik bitkiler de probiyotik, prebiyotik, organik
asitler gibi dogal ve givenli yem katki maddeleri ola-
rak degerlendiriimektedir (Hernandez ve ark., 2004).
Fitobiyotikler veya aromatik bitkiler olarak da adlandi-
rilan fitojenik yem katki maddeleri (PFA'lar), bitkiler-
den elde edilen ve verimliligi artirmak icin hayvan
yemlerine dahil edilen dogal biyoaktif bilesiklerdir.
Calismada kullanilan Taraxacum officinale
(karahindiba) bitkisi gida amacl olarak kullanilabildi-
gi gibi gerek besin madde igerigi gerekse igerdigi
fitokimyasallar nedeni ile farmasoétik amagli olarak da
kullaniimaktadir. Karahindiba bitkisinin i¢erdigi flava-
noid ve fenolik bilesikler dolayisi ile antioksidan, anti-
fertilite, hepatoprotektif, antiinflamatuar, antitimoral,
koleretik, ditretik ve antiromatizmal etkilerinin oldugu
bildiriimektedir. Ote yandan karahindiba kéklerinin bol
miktarda fruktooligosakkarit (FOS) olan inulin igerme-
si bitkiye prebiyotik Ozellik de kazandirmaktadir
(Kaya, 2022). Calismada, gerek inulin icerigi dolayisi
ile prebiyotik etkili oldugu 6ne sirllen karahindiba
ekstraktinin gerekse probiyotik (EM) ilavesinin dene-
me sonu buzagi canh agirhgi bakimindan gruplar
arasinda anlamh bir farklihiga neden olmadigi belir-
lenmigtir. Mevcut ¢alisma bulgularina benzer olarak
Zhao ve ark. (2019) 1000 mg/kg karahindina kéku
ekstrakti, Samolinska ve ark. (2020) da 50 g/kg kara-
hindiba kdk unu ilave edilen yemle beslenen domuz-
larda karahindibanin canl agirlik tGzerine anlamli bir
etkisinin olmadigini belirlemislerdir. Kigukoflaz ve
ark. (2022) da buzagilarda farkli dozlarda kullanilan
EM’nin (10-15 mg) deneme sonu canli agirlhidina etki-
sinin olmadigini bildirmiglerdir. Yine Wu ve ark.
(2021) farkh dozlarda uygulanan probiyotik preperat-
larinin buzagilarda c¢alisma sonu canli agirligini
dnemli oranda etkilemedigini kaydetmislerdir. Ote
yandan galisma bulgularinin aksine, buzagilarda pro-
biyotik uygulamasinin deneme sonu canlh agirliklarini
onemli él¢ide artirdigini bildiren ¢alismalar da mev-
cuttur (Timmerman ve ark., 2005; Bayatkouhsar ve
ark., 2013). Ayrica Yan ve ark. (2011) da kontrol ve
karahindiba (1g/kg) grubu arasindaki farkliligin an-
lamli oldugunu ve yemine karahindiba takviyesi yapi-
lan grubun daha yliksek canli agirhga ulastigini bildir-
mislerdir.

Calismada, Simental irki buzagilarda GCAA bakimin-

dan gruplar arasi farkhlik istatistiki olarak énemli bu-
lunmamakla birlikte KH+EM verilen grubta GCAA'I
kontrol ve KH grubuna gére rakamsal oranda yuksek
bulunmustur. Holstein buzagilarda ise gunluk 5 g KH
verilen grupta glinlik GCAA’I EM ve KH+EM verilen
buzagilara gére 6nemli oranda, kontrol grubuna gére
ise rakamsal olarak daha yiiksek bulunmustur. Ote
yandan 5 gr KH+10 ml EM kombinasyonun verildigi
Holstein buzagilarda GCAA’1 kontrol ve KH grubuna
gOre 6nemli oranda disiik bulunmustur. Tek basina
probiyotik (EM) verilen buzagilarda GCAA bakimin-
dan kontrol grubuna kiyasla énemli bir fark belirlen-
memesi Klgikoflaz ve ark. (2022) tarafindan sitten
kesim oncesi donemde buzagilara EM (10-15 mg)
verilmesinin gunlik canh agirlik artigini etkilemedigini
bildirdigi ¢alisma sonuglarini desteklemektedir. Ayri-
ca Bayatkouhsar ve ark. (2013) da yeni dogan buza-
gilarin sutlerine 2 g/gin olacak sekilde laboratuvarda
veya ticari olarak Uretilen probiyotik verilmesinin; bu-
zagilarin canh agirlik artisini etkilemedigi saptamis-
lardir. Ote yandan elde edilen sonuglar probiyotikle-
rin buzagilarda canl agirlik artisini olumlu etkiledigini
bildiren ¢alisma sonuglari ile farklilik géstermektedir
(Wu ve ark., 2021). Simental irki buzagdilar igin en
yuksek GCAA'Inin karahindiba ekstresi (KH grubu)
iceren grupta bulunmasi, Yan ve ark. (2011) tarafin-
dan yemlerine karahindiba takviye edilen domuzlar-
da, 0-5 hafta, 5-10 hafta ve 0-10 hafta arasi glinliik
canli agirlik artisi élgimlerinde karahindiba (1 g/kg)
grubunun daha yiiksek canli agirlik artisi sagladigini
bildirildigi ¢alisma bulgularini desteklemektedir. KH
ile birlikte EM verilen gruplarda GCAA’nin kontrole
gore Onemli oranda dismesini destekleyen veya
aciklayan bir literatlir bulunmamakla birlikte KH’nin
probiyotik bakteriler Uzerine olumsuz bir etkisinin
olabilecegi dusunilmustar.

Karahindiba gibi aromatik bitkilerin hayvan yemlerine
eklenmesi ile yemin lezzetinde meydana gelen degi-
simin toplam yem aliminda ve blyime performansin-
da artisa neden olabilecegi belirtiimistir (Wenk, 2003;
Wang ve ark., 2007). Calismada da, KH verilen Hols-
tein buzagilarda yem tiiketimi kontrol ve KH+EM gru-
buna goére 6nemli oranda yiksek bulunmustur. Si-
mental buzagilarda ise KH grubunda YT’nin kontrol
grubuna gore sadece rakamsal diizeyde artis goster-
digi belirlenmigtir. Holstein buzagilarda KH ilavesi
YT'ni kontrol grubuna goére %19:6, Simental buzagi-
larda ise %14.1 oraninda artirmigtir. Calismada,
KH’nin buzagilarda YT'i Uzerine etkisi, Yan ve ark.
(2011)'nin domuzlarda 1g/kg karahindiba takviyesinin
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YT’ni artirdigini bildirdigi ¢alisma sonuglari ile uyumlu
bulunmustur. Grela (2000) da calisma bulgularina
benzer olarak karahindibanin YT'ni artirdigini bildir-
migtir. Calismada her iki irkta da EM (probiyotik) veya
EM+KH katilan gruplarla kontrol grubu arasinda YT
bakimindan énemli bir farkhlik belilenmemistir. Kigl-
koflaz ve ark. (2022) da buzagilarda farkli dozlardaki
EM (10-15mg) verilmesinin YT ne etkisinin olmadigi-
ni bildirmiglerdir.

Bitki ekstratlarinin yemlerin aromalarini artirarak
YT’ni artirma ve rumen gelisimini olumlu yénde etkile-
yerek YYO iyilestirme potansiyeline sahip olduklari
ileri strtlmektedir (Pradeep ve Geervani, 1994). Ca-
lismada YYO incelendiginde grup ve irk degiskenleri-
nin 6nemli oranda etkili oldugu belirlenmistir. Simen-
tal irki buzagilarda verilen katkilarin YYO etkilemedigi
ancak Holstein grubunda énemli oranda etkiledigi
belirlenmistir. Holstein irkinda en iyi yemden yarar-
lanma kontrol grubunda bulunurken, KH grubunda
kontrol grubuna benzer fakat EM ve EM+KH grubun-
da kontrol grubundan disik bulunmustur. Calisma
bulgularina benzer olarak Samolinska ve ark. (2020)
domuz diyetine 50 gr/kg karahindiba kék unu eklen-
mesinin kontrol ve karahindiba grubu arasinda YYO
yoninden bir farkhlik olusturmadigini bildirmistir. Pro-
biyotiklerin buzagilarda YYO’ni artirdigini bildiren
calismalarin (Windschitl, 1991; Isik ve ark., 2004;
Frizzo ve ark., 2010; Zhang ve ark., 2016) yaninda
etkilemedigini bildiren ¢alismalarda (Wu ve ark.,
2021) bulunmaktadir. Calismalarda kullanilan probi-
yotik ve bitki ekstrati gibi katki maddelerinin CA,
CAA, YT ve YY gibi bliyime parametrelerine etkisinin
kullanilan probiyotiklerin susu, dozu, kullanim suresi,
buzagilarin yasi, irki ve yetistirme sistemi gibi faktor-
lere bagh olarak degistigini ileri stiren goruglere ben-
zer olarak yapilan ¢alismada da suten kesim dncesi
doénemde sute gerek KH gerek EM ilavesinin GCAA,
YT ve YYO Uzerine etkisi irka bagl olarak degisiklik
gOstermistir. Buzagilara verilen katki maddelerinin
bazi bliylime parametrelerine etkisinin Holstein irkin-
da istatistiki anlamli oldugu halde, Simental irkinda
anlamli olmadigi belirlenmistir.

Calismada kullanilan EM ve KH’'nin buzagilarda sagri
genisligi ve ginlik sagn genigligi artisi (cm) harig
Olgllen vicut olgllerini (cidago yuksekligi ve cidago
yuksekligi artisi; sagri yuksekligi ve sagri yuksekligi
artis1; vicut ucunlugu ve vicut uzunlu artigi; beden
derinligi ve beden derinligi artisi; gégus gevresi ve
g6gils cevresi artigl) 6nemli dizeyde etkilemedigi
tespit edilmistir. Denemeye alinan buzagilarin sagr
genisligi ise EM veya EM+KH verilen gruplarda kont-
rol grubuna benzer ancak KH grubunda kontrol gru-
bundan 6énemli oranda disik bulunmustur. Elde edi-
len sonuglarin aksine bazi ¢alismalarda probiyotikle-
rin buzagilarda gégus cevresi (Windschitl, 1991; Neh-
ru Arun ve ark., 2017), cidago yuksekligi (Diler ve
Aydin, 2009; Bayatkouhsar ve ark., 2013; Noori ve
ark., 2016; Nehru Arun ve ark., 2017) ve vucut uzun-
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lugunu (Noori ve ark., 2016; Nehru Arun ve ark.,
2017) gelisimlerini olumlu etkiledigi bildiriimigtir. Ki-
cukoflaz ve ark. (2022) ise EM verilen buzagilarda
deneme gruplari ile kontrol grubu arasinda vicut
Olguleri bakimindan farkhlik tespit edilmedigini bildir-
mislerdir.

Ruminantlarda yem katki maddesi olarak kullanilan
probiyotiklerin rumendeki oksijeni kullanarak seluloli-
tik, hemiselulolitik, pektinolitik ve amilolitik 6zellikte
anaerobik rumen mikroorganizmalarinin sayisini ve
yemlerin sindirilebilirligini olumlu etkiledigi, bdylece
total ugucu yag asitlerinin, asetik asitin ve propiyonik
asitin konsantrasyonlarini artirarak rumen flora ve
faunasinin gelisimine katki sagladigi ileri strtlmekte-
dir (Wallace ve ark., 1995; Beherka ve ark., 1998).
Ancak yapilan galismada gerek probiyotik (EM) veya
karahindiba eksrakti (KH) gerekse karisimlarinin sut-
ten kesim éncesi rumen UYA oranlarini dnemli oran-
da degistirmedigi belirlenmigtir. Buzagi, sigir ve ko-
yun rasyonlarina probiyotik ilavesinin ugucu yag asidi
konsantrasyonunu artirdigi veya azalttigini (Harrison
ve ark., 1988; Windschitl, 1991; Hucko ve ark., 2009)
bildiren c¢alismalarin yani sira, probiyotiklerin rumi-
nantlarda ugucu yag asitlerini etkilemedigini bildiren
calismalarda mevcuttur (Kiglkoflaz ve ark., 2022).

Calismada kullanilan KH ve EM'nin karlihdi olumlu
etkilemedigi tespit edilmigtir. Kigukoflaz ve ark.
(2022) yaptiklari galismada ise buzagilarda probiyotik
kullaniminin igletme karliligini etkilemedigi bildirilmis-
tir.

Sonug olarak; yem katki maddelerinden beklenen
etkilerin alinmasi; bu katkilarin igerikleri, formulas-
yonlari, bilesimlerindeki cesitlilik, uygulama miktarlari,
elde edilme yontemleri, uygulamanin yapildigi hay-
vanlarin turd, irki, cinsiyeti, yasi ve besleme sartlari
ile uygulamanin yapildidi iklim, cografya, bakim ve
isletme kosullar gibi birgcok faktore gére degismekte-
dir. Ruminantlarda gerek bitki ekstraklari gerek probi-
yotiklerin ve prebiyotiklerin yem katkisi olarak kulla-
nildigi calisma sayisi bu katkilarin etkileri konusunda
kesin kanaat olusturmak icin oldukg¢a yetersiz olup
ruminantlarda ¢ok daha fazla galisma yapilmasinin
gerekli oldugu disunulmektedir.
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Oz: Bu calisma, dev kralotu (Pennisetum hybridum) bitkisinden farkli katki maddeleri ile hazirlanan silajlarin besin
madde igerikleri ve in vitro sindirim parametrelerinin tespit edilerek, ruminantlar icin alternatif bir kaba yem kaynagi
olarak kullanilabilirliginin belilenmesi amaciyla yuratiimastir. Ayrica hazirlanan silajlarin besi sigiri tam rasyonunda
(TMR) musir silaji yerine %25, %50, %75 ve %100 oranlarinda kullanilmasinin in vitro parametrelerde olusan degisim-
ler ile in vitro rumen sivisi amonyak azotu ve rumen ugucu yag asitleri dizeylerine olan etkileri de arastiriimistir. Bu
amagla 120 gunlik dev kralotu (Pennisetum hybridum) bitkisinden katkisiz, inokulant+enzim, fumarik asit ve arpa unu
katkilari ile 10’ar paralel halinde dért farkli silaj grubu olusturulmustur. Silaj 6rnekleri ile yapilan analizlerde; dev kralotu
silajlari arasinda en ylksek kuru madde (KM), ham protein (HP), nispi yem degeri (NYD) ve lif icermeyen karbonhidrat
(NFC) oranlar arpa unu katkili dev kralotu silajinda belirlenmistir (P<0.001, P<0.05). NFC, ham seliloz (HS), nétral
deterjan lif (aNDFom) ve NYD diizeyi bakimindan katkisiz, inokulant+enzim ve fumarik asit katkil silajlar birbirine ben-
zer bulunurken, arpa unu katkil grubun HS ve aNDFom igerigi bu gruplardan énemli oranda disik bulunmustur
(P<0.001, P<0.05). Silaj gruplarinin pH degerleri arasinda anlamli bir farkhlik oldugu tespit edilmistir (P<0.001). Katki
maddeleri kullanimi, tim silaj gruplarinda in vitro kimilatif gaz ve metan uretimini katkisiz gruba gére arttirmistir
(P<0.001). Dev kralotu silajlarinin tam rasyon (TMR) igerisinde misir silaji yerine farkli oranlarda ilave edilmesi (katkisiz
grubun TMR’a %25 oraninda ilavesi disinda), in vitro kimdulatif gaz Uretimini, metabolik enerji (ME), organik madde
sindirimi (OMS) ve toplam ugucu yag asitleri (TUYA) dizeylerini olumsuz etkilemistir (P<0.001). Sonug olarak; dev
kralotunun farkli katki maddeleri ile silolanmasinin silaj fermantasyonunu ve sindirilebilirligini olumlu yénde etkiledigi,
besi sigir TMR’Inda ise misir silaji yerine sadece %25 oraninda katkisiz dev kralotu silaji kullaniminin olumsuz bir
durum olusturmadigi gozlenmistir.

Anahtar kelimeler: Dev kralotu silaji, fermantasyon, in vitro sindirim

Determination of in Vitro Rumen Fermentation and Methane Production in Giant Kinggrass
(Pennisetum hybridum) Silages

Abstract: This study was conducted to detect the nutrient content and in vitro digestion parameters of silages prepared
with different additives from giant kinggrass (Pennisetum hybridum) to determine its availability as an alternative roug-
hage source for ruminants. In addition, the effects of using 25, 50, 75 or 100% of prepared silages instead of corn sila-
ge in beef cattle total mixed ration (TMR) on the changes in in vitro parameters and on in vitro rumen fluid ammonia
nitrogen and levels of rumen volatile fatty acids were also investigated. For this purpose, four different silage groups
were created in 10 parallels with the additives of inoculant+enzyme, fumaric acid and barley flour from the giant
kinggrass (Pennisetum hybridum) plant, which has reached 120 days. In the analyzes made with silage samples;
among giant kinggrass silages, the highest dry matter (DM), crude protein (CP), relative feed value (RFV) and non-
fibrous carbohydrate (NFC) ratios were determined in barley flour-added giant kinggrass silage (P<0.001, P<0.05). In
terms of NFC, CF, aNDFom and RFV levels, silages with no additives, inoculant+enzyme and fumaric acid were found
to be similar to each other, while the CF and aNDFom contents of the barley flour added group were found to be signifi-
cantly lower than these groups (P<0.001, P<0.05). It was determined that there was a significant difference between
the pH values of the silage groups (P<0.001). The use of additives increased in vitro cumulative gas and methane pro-
duction in all silage groups compared to the pure group (P<0.001). The addition of giant kinggrass silages to corn sila-
ge in TMR at different rates ( except for the addition of 25% of the additive-free group to the TMR) adversely affected in
vitro cumulative gas production, OMD and VFA levels (P<0.001). As a result, it was observed that silage of giant
kinggrass with different additives had a positive effect on silage fermentation and digestibility, whereas the use of only
25% pure giant kinggrass silage instead of corn silage in beef cattle TMR did not create a negative situation.
Keywords: Giant kinggrass silage, fermentation, in vitro digestion
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Dev kralotu (Pennisetum hybridum) silajlari...

Giris

Hayvancilik, milli ekonomi ve nesillerin saghgi agisin-
dan stratejik bir 6neme sahiptir. Hayvancilikta verim
kayiplarinin temel nedenlerinden olan kaliteli kaba
yem yetersizliginin giderilebilmesi ve hayvancilik is-
letmelerinin kaliteli kaba yem ihtiyaglarinin karsilan-
masi amaciyla, ¢ayir-mera olanaklari bulunmayan ya
da yetersiz olan bdélgelerde ucuz ve alternatif kaba
yem kaynaklarinin hayvansal Uretime kazandiriimasi
gerekmektedir. Farkh toprak, iklim ve tarimsal Urin
desenine sahip olan ulkemizde, bilinen ve dinyada
yaygin olarak Uretimi yapilan pek ¢ok yem bitkisinin
tarla kosullarinda basariyla yetistiriimesi mimkundur
(Avcioglu ve ark., 2000). Hayvancilikta, isletme mas-
raflarinin yaklasik %70Q’ini olusturan yem maliyetleri-
nin azaltilarak, isletmenin karliligini arttirmaya yonelik
calismalar yapilmaktadir. Bu kapsamda, yem Ureti-
mindeki maliyetlerin de azaltiimasi gerekmektedir.
Bunun igin; tohumluk fiyati ucuz veya her yil tohum
ekimine ihtiya¢g duymayan, misir tretiminde kullanilan
makinelere uyum saglayabilecek, toprak hazirhgi
masraflari az olan, uretimi daha ekonomik, ¢ok yillik
ve yuksek verimli alternatif yeni yem bitkilerine ihtiyag
duyulmaktadir (Geren ve ark., 2014). Diinya genelin-
de yapilan aragtirmalar ile bu nitelikte yeni yem bitki-
lerinin varhigi ortaya ¢ikariimig olup, belirtilen 6zellik-
leri karsilayabilecek kapasitede olan bitkilerden bir
tanesinin de dev kralotu (Pennisetum hybridum) bitki-
si oldugu ifade edilmistir (Geren ve Durul, 2014).

Dev kralotu; Afrika kitasi kokenli, yiksek verimli ve
cok yillik bugdaygiller (Gramineae) familyasinin tye-
lerinden olan tropik bir bitkidir. Bitkinin boyu genellikle
3-4 metre yuksekliginde olup, tropik iklim kosullarinda
7 metreye kadar ulasabilmektedir (Geren ve ark.,
2014). Tropik bolgelerde Ozellikle ruminant besleme
basta olmak Uzere, 6gutilip peletlenerek kimes
hayvanlari ve balik beslenmesinde de kullanilan dev

Tablo 1. Deneme dizayni
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(Geren ve ark., 2020). Ulkemizde Akdeniz iklim ko-
sullarinin hikdm surdugl bolgelerde tretimi yapilabi-
lecek olan dev kralotu (Pennisetum hybridum) bitkisi,
misir ve sorgum gibi her yil tohum, toprak hazirligi,
ekim, iscilik gibi masraflar yapilmadan yetistirilebil-
mektedir (Geren ve Durul, 2014). Bu bitkinin Ureticiler
tarafindan taninmasi ve yetistiriimesi ile; Akdeniz
ikliminin hakim oldugu yorelerimizde dusuk maliyetli
alternatif bir yem bitkisinin kaliteli kaba yem agiginin
kapatilmasina yardimci olabilecedi dusunulmektedir
(Geren ve ark., 2020).

Bu arastirmada; Turkiye’de henliz tam olarak tanin-
mayan, tropik kékenli, ¢ok yillik bir bitki olan dev kra-
lotu (Pennisetum hybridum) bitkisinin, yesil yem bitki-
si olarak veya cesitli katki maddeleriyle kombine edi-
lerek yapilan silajinin tlkemizde ruminant beslemede
alternatif bir kaba yem kaynagi olarak kullanim potan-
siyelinin belirlenmesi amagclanmistir.

Gereg ve Yontem
Silaj materyali

Arastirmada kullanilan silaj materyali, izmir-Bornova
ilcesi ekolojik kosullari igerisinde yetistirilen, 120 giin-
ik vejetasyon silresine ulasmis dev kralotu
(Pennisetum hybridum) bitkisinden olugsmaktadir.
Deneme tarlalarinda yetigtirilen sekiz yasindaki dev
kralotu bitkisi el oradi yardimi ile gévdenin dip kis-
mindan bicilerek uygun buyutklikte parcalara ayril-
mistir. Bes ayri dikim hattinda bulunan bitkilerden
Oornekleme yapilarak Temmuz ayi ortasinda bigim
gerceklestiriimistir. Hasat edilen silaj materyali ¢alis-
manin yapilacagi Hayvan Besleme ve Beslenme
Hastaliklari Laboratuvarina soguk zincirde strafor
kutularda ulastiriimistir. Arastirmada kullanilan silaj
ornekleri Tablo 1‘de belirtildigi gibi 10’ar paralel ola-
rak gruplandiriimistir.

Grup adi Grup igerigi Tekrar sayisi
Grup 1 Katkisiz DKOS 10
Grup 2 inokulant+enzim katkili DKOS 10
Grup 3 Fumarik asit katkili DKOS 10
Grup 4 Arpa unu katkili DKOS 10

DKOS: Dev kralotu silaji

kralotu, ayni zamanda g¢it, riizgar kiran ve enerji bitki-
si (biyoyakit, elektrik Gretimi, vb.) olarak da degerlen-
diriimektedir (Geren ve ark., 2017). Hayvan yemi
olarak kullanimda birka¢ yaklagim vardir. Bitki bigile-
rek, taze olarak veya yesil aksam dogranip daha ku-
¢uk parcalar haline getirilerek hayvanlara servis edi-
lebildigi gibi kurutulup saman olarak ve silaji yapila-
rak ruminant beslemede kullanilabilir. Taze dev kralo-
tu ruminantlar tarafindan sevilerek tiketilir. Bitki hasat
edildikten 3 glin sonra bozulmaya basladigindan hay-
vanlara verilirken bu duruma c¢ok dikkat edilmelidir
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Katkisiz dev kralotu silaji (KDKOS); tazeligini koru-
masi igin soguk zincirde laboratuvara ulastirilan dev
kralotu bitkisi dogranarak hazir hale getirilmis, 3000 g
tartilip Uzerine 100 ml distile su puskirtilerek karigti-
rilmistir. Bu gruba herhangi bir katki maddesi ilave
edilmemistir. Ornekler laboratuvar tipi silaj pargalama
makinesiyle yaklasik 2-3 cm uzunlugunda dograna-
rak silaji yapilmigtir.

Inokulant-enzim katkili dev kralotu silaji (IDKOS);
bakteriyel inokulant+enzim katkili grupta silaj katki
maddesi olarak ticari bir triin olan Sill-All 4X4+250 g
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(Lallemand Animal Nutrition UK Ltd.) kullaniimistir.
100 ml distile su igerisinde 0.015 g Sill-All 4X4+(5g/
ton) ¢ozdurilerek 3000 g yas 6rnek Uzerine puskurti-
lUp, karistirlmis ve homojen dagilim saglanmistir.

Fumarik asit katkili dev kralotu silaji (FDKOS);
organik asit iceren silaj grubunda ticari bir Grin
(Thirumalai Chemicals Ltd. India. Regulation (EC) No
1907/2006) olan fumarik asit (FUM-1107) kullaniimig-
tir. Bu katki maddesi (C4H4O4 kimyasal formdli, mo-
lekil agirhidr 116.07 g/mol) beyaz renkte, toz formun-
da ve suda ¢6zlinen bir Grindir. 100 ml distile su
icerisinde 30 g (10g/kg) fumarik asit ¢ozdirilerek yas
ornekler lGzerine puskurtilip, karistirimis ve homo-
jen hale getirilmigtir.

Arpa unu katkili dev kralotu silaji (ADKOS); silaj
katki maddesi olarak kullanilan arpa, Tarimsal Aras-
tirma ve Uygulama Merkezi’'nden temin edilip, yakla-
stk 1.0 mm elek capindaki IKA-A10 laboratuvar tipi
degirmende (IKA-Werke Almanya) o&gutilerek un
haline getirilmigtir. 100 ml distile su 3000 g 6rnek
Uzerine puskurtilip kanstiriimig daha sonra 150 gr
arpa unu tartilarak grup igin hazirlanan yas 6rnek
Uzerine serpilerek homojen karigsim saglanmigtir.

Her bir grup kendi igerisinde homojen bir karigim elde
edilerek silolamaya hazir hale getirilmistir. Homojen
karisimlar polietilen vakum posetlerine (Caso 01201
plastik vakum poseti 16X23cm) doldurulup, vakum
makinesinde (Caso VC 100, Germany) havalari ali-
narak vakumlanmigtir. Her bir grup icin 10 tekrar
olusturulmustur. Hazirlanan silajlar 60 gin sureyle
karanlik ortamda fermantasyona birakilmistir. 60 gun
sonunda hazir hale gelen silaj materyalleri agilarak
alinan numuneler besin madde analizleri ve in vitro
analizler igin kullaniimistir.

Kimyasal analizler

Calismada kullanilan dev kralotu yesili ve farkh katki
maddeleri ile hazirlanan dev kralotu silajlari 65°C’de
24 saat daha sonra da 105°C’de 24 saat etlivde bek-
letilerek kuru madde (KM) dizeyleri tayin edilmistir.
Kurumus materyaller; kimyasal analizleri ile in vitro
gaz ve metan uretiminin belilenmesinde kullaniimak
Uzere yaklasik 1.0 mm elek ¢apindaki IKA-A10 labo-
ratuvar tipi degirmende (IKA-Werke Almanya) 6gutl-
mistar.

Dev kralotu ve silajlarinin ham kil (HK) seviyeleri 550
°C’de 8 saat kil firininda bekletilerek belirlenmistir.
Azot (N) igeriginin saptanmasinda Kjeldahl metodun-
dan yararlaniimig ve ham protein (HP) ise Nx6.25
formdli ile hesaplanmigtir (AOAC 1995). Ham seli-
loz (HS) ve ham yagd (HY) analizi de AOAC (1995)
da bildirilen yonteme goére yapilmistir. Notral deterjan
fiber ¢ézeltisinde ¢éziinmeyen lifli bilesikler (NDF) ve
asit deterjan ¢dzeltisinde ¢éziinmeyen lifli bilesikler
(ADF) icerikleri Van Soest ve ark. (1991) tarafindan
gelistirilen yéntemler ile saptanmistir. NDF analizi
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yapilirken 0.5 g sodyum siilfit (Merck) ve 200 pL i1siya
dayanikli alfa-amilaz (Megazyme, irlanda) kullanil-
mistir (aNDF). Belirlenen ADF ve aNDF % degerle-
rinde kil kalintisi bulunmamaktadir (aNDFom, AD-
Fom).

Arastirmada kullanilan dev kralotu ve silajlarinin lif
icermeyen karbonhidrat (NFC), toplam sindirilebilir
besin madde (TDN) ve nispi yem degeri (NYD) asagi-
da  belirtilen  formillere  goére  belirlenmistir
(Jeranyama ve Garcia, 2004; Guney ve ark., 2016).

NFC: Non-fibrous Carbonhydrate (lif icermeyen kar-
bonhidrat) = (% KM);

100-(NDFn+HP+HY+HK)

HP: Ham Protein (% KM),

HY: Ham Yag (% KM),

NDFn: Azotsuz NDF=NDF*0.93

TDN: Toplam Sindirilebilir Besin Maddeleri =

(NFC*0.98)+(HP*0.93)+(HY*0.97*2.25)+(NDFn*(NDF
sindirilebilirligi/100)-7

NDF: Nétral Deterjanda GCozinmeyen Lif (% KM)
NDF Sindirilebilirligi: NDF’nin %’si
NYD: Nispi Yem Degeri = SKM*KMT/1.29

SKM: Sindirilebilir Kuru Madde = 88.9-(0.779x%
ADF)

KMT: Kuru Madde Tuketimi = 120/% NDF

in vitro gaz iiretim teknigi ile sindirim parametre-
lerinin belirlenmesi

Silajlarin, in vitro kosullarda sindirilebilirlik (Menke ve
ark., 1979) ve gaz uretim degerlerinin belirlenmesin-
de Menke ve Steingass (1988) tarafindan tanimlanan
“Gaz Uretim Teknigi” kullanilmistir. in vitro gaz lretim
teknigi icin gerekli olan rumen sivisi, yaklasik %80
konsantre (%55 arpa, %15 aygicegdi kiispesi, %5 bug-
day kepegi, %4 misir kepegi ve %1 vitamin+mineral
karigimi) + %20 kaba yem (%10 musir silaji, %5 yon-
ca kuru otu, %5 bugday samani) ile beslenen ortala-
ma 500 kg canhl agirhdinda, 14 aylik yasta u¢ adet
Simental irki besi sidirindan rumen sondasi yardimi
ile alinmigtir.

Rumen sivisi yaklasik 39°C’de sicakligi muhafaza
edilen agzi vidal kapakh cam sise (Isolab, Almanya)
icine alinarak, icerisinde yaklasik 39°C su bulunan
kapakli termos konteynir ile hizli bir sekilde laboratu-
vara tasinmistir. Rumen sivisi CO; gazi altinda anae-
robik kosullar saglanarak alti kat tlilbentten stzGldUk-
ten sonra in vitro gaz Uretiminde kullaniimigtir.

in vitro gaz Uretiminin belirlenmesinde, Menke ve
32
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Steingass (1988) yontemi dogrultusunda 100 ml’lik
Ozel hacimli cam enjektorler (Model Fortuna, Haberle
Labortechnik, Almanya) kullaniimistir. Bu enjektorler
icerisine 20010 mg kuru yem O&rnekleri, tampon +
makromineral + iz element + indirgenme + resazurin
cozeltileri karigimi (20 ml) ve rumen sivisi (10 ml)
inkiibe edilmistir. Inkiibasyon icin toplamda iki litre
¢ozelti karisimi hazirlanmistir.

Cozeltiler + rumen sivisi karigimi énceden 39°C’de
on isitmaya tabi tutulmus her bir enjektér icine oto-
matik dispensir (Isolab, Almanya) ile enjekte edilmis-
tir. Enjektorler tek yonlu polietilen klipsler kullanilarak
kapatilmis ve pistonun pozisyonu okunarak kayit
edilmigtir. BUtln enjektérlerin doldurma islemi kisa
surede tamamlanarak, 39°C’ye ayarl termostath su
banyosundaki enjektdr desteklerine yerlestiriimis ve
24 saatlik inkubasyon baglatiimigtir. Kullanilan cam
malzemeler bir termostatik kabinde (Lovibond, Avust-
ralya), ¢oOzeltiler ise kontak termometreli dijital man-
yetik karigtincida (Wise Stir MSH-D, Witeg, Almanya)
On i1sitmaya tabi tutulduktan sonra in vitro gaz Ureti-
minde kullaniimistir. Arastirmada in vitro deneme her
grup icin g paralel olarak gergeklestiriimistir. Ug adet
enjektér de toplam gaz Uretimini hesaplamak igin kor
(dev kralotu igermeyen, sadece tampon ve ¢ozeltiler
ile rumen sivisi iceren) olarak hesaplamalarda kulla-
nilmistir.

in vitro gaz iiretiminde kullanilan besi sigir1 tam
rasyonu ve rasyona katilan silaj oranlari

Arastirmada kullanilan besi sigir tam rasyonu (TMR)
14 aylik yasta, 500 kg canh agirhiga sahip Simental
irki besi siginnin ihtiyacini  karsilayacak dizeyde
[Misir silaji 2.5 kg/giin KM, bugday samani 1.5 kg/
gliin KM, yonca kuru otu 1 kg/giin KM, arpa 1 kg/giin
KM, sigir besi yemi (%14 HP, 2800 kcal/kg ME) 6.5
kg/giin KM, toplam TMR 12.5 kg/gin KM] hazirlan-
mistir. Dev kralotu silajlarinin besi sigir tam rasyo-
nunda misir silaji yerine %0, %25, %50, %75 ve %
100 oranlarinda kullaniminin gaz Uretim degerleri
belirlenmigtir.

in vitro toplam gaz ve metan iiretiminin belirlen-
mesi

Enjektorlerin inkiibayona birakilmasindan 24 saat
sonra her bir enjektor icerisinde Uretilmis toplam gaz
miktari (ml) enjektorler Gzerinden okunarak belirlen-
migtir. Toplam gaz uretimi okuma isleminden sonra
enjektérlerde biriken toplam gaz plastik bir enjektér
icine alinarak U¢ yollu musluk yardimiyla infrared
metan o6lcim cihazina (Sensor, Europe GmbH,
Erkrath, Almanya) aktarilmistir. Cihazda 6lgiim{ yapi-
lan metan miktari bilgisayar ekranindan okunarak %
deger olarak belirlenmistir.

Rumen sivisinda pH diizeyinin belirlenmesi

Gaz Uretim teknidi sonucu inkiibasyonun 24. saatinde
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elde edilen rumen sivilarindan alinan érnekler plastik
tiplere (Isolab, Almanya) alinarak pH duzeyleri dijital
pH metre yardimiyla belirlenmistir.

Rumen sivisi pH duzeyleri belirlendikten sonra, aras-
tirmanin diger asamalarinda kullaniimak UGzere in
vitro rumen sivilari -20 ‘C’de dondurulmustur.

Organik madde sindirim derecesinin (OMS %)
belirlenmesi

in vitro organik madde sindirilebilirligi (OMS); 24 saat-
lik gaz tretim (GU) miktari (ml/200mg), ham protein
(HP, %KM) ve ham kil (HK, %) degerleri kullanilarak
asagidaki formul vasitasiyla hesaplanmistir (Menke
ve ark, 1979).

OMS % = 14.88 + 0.889 x GU + 0.45 x HP + 0.0651
x HK

GU = 24 saatlik net gaz tretimi (ml/200 mg).
HP = Ham Protein (g/kg KM)
HK= Ham Kiil (g’kg KM)

Metabolik Enerji (ME) ve Net Enerji Laktasyon
(NE,) derecelerinin belirlenmesi

Arastirmada kullanilan 6rneklerin metabolik enerji
(ME) ve net enerji laktasyon (NE\) icerikleri; 24 saat-
lik gaz dretim (GU) miktari (ml/200mg), ham protein
(HP, %KM) ve ham kul (HK, %) degerleri kullanilarak
asagidaki formuller vasitasiyla hesaplanmigtir
(Blimmel ve @rskov, 1993).

ME (MJ/kg KM) = 2.20 + 0.136 x GU + 0.0057 x HP +
0.00029 x HY

NE, (MJ/kg KM) = 0.1149 x GU + 0.0054 x HP +
0.0139 x HY-0.0054 x HK-0.36

GU = 24 saatlik net gaz Uretimi (mI/200 mg).
HP = Ham Protein (g/kg KM)

HY=Ham Yag (g/kg KM)

HK= Ham Kiil (g’kg KM)

Rumen sivisi amonyak azotu (NH3-N, mg/dL) kon-
santrasyonunun belirlenmesi

Analizler i¢in -20°C’de derin dondurucuda saklanmis
olan rumen sivilari, analiz zamaninda 4°C’de ¢ozdii-
rulerek santrifiij edildikten sonra (1000 g, 15 dk) TMR
icinde misir silaji yerine ¢esitli oranlarda (%0, %25, %
50, %75, %100) katilan DKOS’larinin rumen sivisin-
da NH3-N konsantrasyonu kjeldahl distilasyon Unite-
sinde (Velp Distilasyon Unitesi, italya) Makkar ve Bec-
ker (1996), tarafindan bildirilen yontemle belirlenmig-
tir. Amonyak azotu konsatrasyonu (NH3-N, mg/dL)
analizi, asit sindirimi yapilmadan potasyum hidroksit
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(KOH 2N) ve borik asit (H;BO3; %4) ile distilasyon,
sonrasinda hidroklorik asit ile titrasyon (HCI 0.1N)
metodu kullanilarak yapilmistir (Souza ve ark., 2010).

Rumen sivisi ugucu yag asitleri analizi

Ugucu yag asitleri analizi i¢in gaz uretim tekniginde
olusan fermantasyon ortamindan 24. saatte alinarak -
20°C’de dondurulmus olan rumen sivilari analiz za-
maninda 4°C’de ¢Ozdirilip Erwin ve ark. (1961)
tarafindan bildirilen ydntemlerle gaz kromatografi
analizine hazirlanmistir. TMR icinde misir silaji yerine
cesitli oranlarda (%0,%25, %50, %75, %100) katilan
DKOS’larinin rumen sivisinda asetik asit, propiyonik
asit ve butirik asit konsantrasyonu (mmol/L sindirim
sivisi)) Hayvan Besleme ve Beslenme Hastaliklari
Anabilim Dali Laboratuvarinda bulunan gaz kroma-
tografi (GC) cihazinda (Thermo Trace 1300, USA;
Alev Iyonizasyon Dedektorii-Flame lonisation Dedec-
tor; GC/FID) , TG-5MS (30m x 0.25mm x 0.25um-
26098-1420) kolon ile analiz edilmistir.

Istatiksel analizler

Elde edilen tim degiskenler dnemlilik testlerine gegil-
meden Once normallik yéninden Shapiro Wilk ile,
varyanslarin homojenligi yéninden ise Levene testi
ile incelendi. Silaj gruplari arasi farkliigin istatistiksel
acidan karsilastinimalarinda nicel degiskenler igin tek
yonli varyans analizi (ANOVA) kullanildi. Gruplar
aras! farkliigin anlaml bulundudu degiskenler igin
Duncan testinden yararlanildi. TMR icinde organik
asit, NH3-N, in vitro gaz ve metan uretimi analizlerin-
de grup, doz ve grup*doz etkilesimlerinin etkisi iki
yonli Varyans Analizi ile belirlendi. Anlamli bulunan
parametreler icin Bonferroni diizeltmeli basit etki ana-
lizi uygulandi. Anlamhhk dizeyi P<0.05 olarak alindi.
Tum istatistiksel analizler IBM SPSS 23.0 istatistik
paket programi kullanilarak yapildi.

Bulgular

Arastirmada kullanilan dev kralotunun %22.13 KM
icerdigi; KM’'de de %14.29 HK, %2.17 HY, %8.57 HP,

Tablo 2. Dev kralotu ham besin madde icerigi (n=10)
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%66.03 aNDFom, %41.93 ADFom, %13.54 NFC, %
57.36 TDN ve %79.23 NYD icerigine sahip oldugu
belirlenmistir (Tablo 2).

Katkisiz dev kralotu silaji (KDKOS) ile bakteriyel ino-
kulant+enzim (IDKOS), fumarik asit (FDKOS) ve arpa
unu katkill (ADKOS) dev kralotu silajlarinin ham be-
sin madde igerikleri Tablo 3.de gosterilmistir. Dev
kralotu silajlari (DKOS) arasinda en yiksek KM (%
22.45) ADKOS grubunda belirlenmistir (P<0.001).
Silajlar icinde en yiksek HK (%14.46, %KM'de) igeri-
gi KDKOS grubunda, en disik HK (%13.03, %
KM'de) igerigi ise ADKOS grubunda belirlenmis olup;
gruplar arasi fark 6nemli bulunmustur (P<0.001).
Ham yag dizeyleri KDKOS ve ADKOS gruplarinda
IDKOS ve FDKOS gruplarina gére énemli oranda
ylksek bulunmustur (P<0.001). ADKOS'un HP (%
8.98, %KM'de) igerigi diger silajlardan énemli oranda
ylksek iken; HS icerigi (%33.36, %KM'de ) 6nemli
oranda disuktur (P<0.05). NFC, HS, aNDFom ve
NYD diizeyi bakimindan KDKOS, iDKOS ve FDKOS
gruplari arasinda énemli bir fark yoktur. ADKOS’un
HS ve aNDFom (%61.50, %KM’'de ) icerigi 6nemli
oranda distk, NFC ve NYD igerigi ise ylksek bulun-
mustur (P<0.001, P<0.05). Silaj gruplari arasinda
ADFom (%46.51, %KM'de) yoninden en ylksek ige-
rige sahip grup IDKOS grubu iken en diisilk ADFom
(%36.09, %KM'de ) iceren grup ADKOS grubudur
(P<0.001). Tim silaj gruplarinin pH degerleri birbirin-
den istatistiksel olarak énemli oranda farkh olup; en
yuksek pH degeri KDKOS grubunda (pH 4.85), en
disik pH degeri ise FDKOS grubunda (pH 3.52)
tespit edilmistir (P<0.001). Farkl katki maddeleri ile
yapillan DKOS’lar arasinda TDN oranlarn yoniinden
onemli bir farkhik saptanmamistir (P>0.05).

Arastirmada kullanilan dev kralotu ve farkh katki
maddeleriyle hazirlanan silajlarin 24. saatteki inku-
basyon sonrasinda in vitro kumdlatif gaz uretimi
(TGU) yesil dev kralotu ve arpa unu katkili silajlarda
katkisiz, inokulant ve fumarik asit katkili silajlara gére
o6nemli oranda yuksek bulunmustur (P<0.001; Tablo
4). En dusuk gaz uretimi ise KDKOS grubunda bulun-

Igerik diizeyi (%)

KM

HK

HY

HP

HS
ADFom
aNDFom
NFC
TDN
NYD

22.13 (yesil)
14.29 (KM'de)

2.17 (KM'de)

8.57 (KM'de)
37.65 (KM'de)
41.93 (KM'de)
66.03 (KM'de)
13.54 (KM'de)
57.36 (KM'de)
79.23 (KM'de)

KM: Kuru Madde, HK: Ham kiil, HY: Ham yag, HP: Ham protein, HS: Ham seliiloz, ADFom: Kiilsliz asit deterjan
lif, aNDFom: Alfa amilaz ile saptanan kiilsiiz nétr deterjan lif, NFC: Non-fibrous carbonhydrat (Lif icermeyen
karbonhidrat), TDN: Total digestible nutrients (Toplam sindirilebilir besin maddeleri), NYD: Nispi yem degeri.
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Tablo 3. Dev kralotu silajlarinin ham besin madde igerikleri (% KM'de) (n=10)

Deneme Gruplari

KDKOS iDKOS FDKOS ADKOS P

( X+SEM) ( X+SEM) ( X+SEM) ( X+SEM)
KM, % 20.25+0.18P 19.55+0.18° 19.21+0.19° 22.45+0.212 <0.001
HK,% 14.46+0.15° 13.74+0.12° 13.82+0.06° 13.03+0.13° <0.001
HY,% 2.48+0.05% 2.26+0.09b° 2.10+0.05° 2.37+0.05%® 0.001
HP,% 8.18+0.22° 8.57+0.20% 8.43+0.09° 8.98+0.142 0.022
NFC,% 13.2110.43° 13.97+1.29° 13.76+0.88° 18.43+0.422 0.008
HS,% 38.23+0.332 38.09+0.682 39.850.702 33.36+0.64° <0.001
aNDFom,% 66.30+0.46° 66.08+1.382 66.55+0.942 61.50+0.46° 0.011
ADFom,% 43.21£0.47° 46.51£0.472 44.30+0.52° 36.09+0.28° <0.001
TDN,% 57.67+0.15 58.06+0.43 57.93+0.32 57.57+0.11 0.612
NYD,% 77.51+0.97° 74.21+1.78° 76.06+1.39° 91.95+1.012 <0.001
pH 4.85+0.10° 3.88+0.01° 3.52+0.03¢ 4.43+0.09° <0.001

KDKOS: Katkisiz dev kralotu silaji, IDKOS: inokulant-enzim katkili dev kralotu silaji, FDKOS: Fumarik asit katkili
dev kralotu silaji, ADKOS: Arpa unu katkili dev kralotu silaji, KM: Kuru madde, HK: Ham kiil, HY: Ham yag, HP:
Ham protein, NFC: Non-fibrous carbonhydrat (Lif icermeyen karbonhidrat), HS: Ham seliiloz, aNDFom: Alfa
amilaz ile saptanan kiilsiiz nétr deterjan Lif, ADFom: Kiilsiiz asit deterjan lif, TDN: Total digestible nutrients
(Toplam sindirilebilir besin maddeleri), NYD: Nispi yem dederi. Ayni satirda yer alan farkli harfler gruplar arasi

farkliligi, ayni harfler gruplar arasi benzerligi ifade etmektedir (P<0.001, P<0.05).

mustur. /n vitro sindirim sivisi pH diizeylerinde grup-
lar arasinda istatistiksel olarak anlamli bir fark bulun-
mamistir (P>0.05). ME (MJ/kg KM), OMS (%) ve NE_
(MJ/kg KM) degerleri, yesil dev kralotu ve arpa unu
katkili silajlarda, katkisiz, bakteriyel inokulant+enzim
ve fumarik asit katkili silajlara gére 6nemli oranda
yuksek bulunmustur (P<0.001). En yiksek metan
uretimi (ml/0.2 g KM) dev kralotu yesilinin fermantas-
yonu ile elde edilmigtir. Ote yandan katki maddesi
iceren tum gruplarda metan uretiminin (ml/0.2 g KM)
KDKOS’a gore onemli oranda arttigi saptanmistir
(P<0.001).

DKO'nun katkisiz veya degisik katki maddeleri ile
hazirlanan silajlarinin rasyona misir silaji yerine farkli
oranlarda (%25, %50, %75, %100) katilmasi in vitro
TGU (ml/0.2 g KM)'ni 6nemli oranda azaltmis; metan
oranini (%) ise artirmigtir (Tablo 5.). En disuk gaz
Uretimi, ADKOS’un misir silaji yerine %100 oraninda
katildigr grupta belirlenmistir (44.51). En yuksek me-
tan orani KDKOS’un %75 katildigi grupta bulunmus-
tur (%22.37). Toplam gaz Uretimi igerisinde % metan
dizeyi ve KM bazli metan uretimi (ml/0.2 g KM) aci-
sindan gruplar arasinda istatistiksel olarak anlamli bir
fark bulunurken (P=0.031, P=0.004); grup*doz etkile-
simleri arasinda anlamli bir degiskenlik olmadid tes-

Tablo 4. Dev kralotu (yesil) ve silajlarina ait in vitro de@iskenler (n=5)

Deneme Gruplari

in vitro KDKOS IDKOS FDKOS ADKOS DKO Yesil P
degiskenler (XxSEM) (X£SEM) (XtSEM) (XtSEM) (X+SEM)

TGU (ml0.2 g 25.66+0.51° 32.23+0.54° 32.81x0.25°  38.90+1.62° 39.11+1.12%  <0.001
KM)

Metan (%) 20.60+0.06™ 19.63+0.28™ 18.97+0.20°  21.43+0.46°  21.93+0.33°  <0.001
Metan Uretimi 5.29+0.11° 6.33+0.19° 6.22+0.03° 8.32+0.18° 8.58+0.31° <0.001
(ml/0.2 g KM)

pH 6.93+0.01 6.91+0.05 6.99+0.03 7.06+0.02 6.98+0.03 0.056
ME (MJ/kg KM) 6.16+0.07° 7.07+0.07° 7.14%0.03° 8.01+0.22° 8.01x0.15° <0.001
OMS (%) 42.32+0.46° 48.28+0.49° 48.74+0.22°  54.38%1.44° 54.43+£1.00°  <0.001
NE. (MJ/kg 2.59+0.06° 3.35+0.06° 3.41£0.03° 4.12+0.19° 4.13+0.13? <0.001
KM)

DKO: Dev kralotu, KDKOS: Katkisiz dev kralotu slaji, IDKOS: inokulant-enzim katkili dev kralotu silaji, FDKOS:
Fumarik asit katkili dev kralotu silaji, ADKOS: Arpa unu katkili dev kralotu silaji, TGU (mi/0.2 g KM): Inkiibasyo-
nun 24.saatindeki toplam gaz (retimi, Metan (%): Toplam dretilen gazdaki % diizeyi, Metan (retimi (ml/0.2 g
KM): Toplam iiretilen gazdaki ml diizeyi, pH: inkiibasyonun 24.saatindeki sindirim sivisinin pH degeri, ME: Me-
tabolik enerji (MJ/kg KM), OMS (%): Organik madde sindirimi, NE,: Net enerji Laktasyon (MJ/kg KM). Ayni satir-
da yer alan farkli harfler gruplar arasi farkliligi, ayni harfler gruplar arasi benzerligi ifade etmektedir (P<0.001).
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pit edilmistir (P>0.05). in vitro fermantasyon sivisinin
pH degeri istatistiksel olarak, grup ve grup*doz etkile-
simi énemsiz olarak tespit edilmistir (P>0.05). Ancak
IDKOS grubununu %25, %75 ve %100 dozlari ile %0
(TMR %100 muisir silaji igeren) dozu arasinda anlamli
bir farkhlik oldugu belirlenmistir (P=0.003). KDKOS
grubunun %100’lUk dozunda pH degeri en ylksek
(7.08), IDKOS grubunun %25'lik dozunda ise en dii-
suk (6.91) olarak tespit edilmistir. Genel olarak farkli
dozlarda silaj gruplarinin rasyona misir silaji yerine
ilave edilmesi, pH degerlerinde istatistiksel olarak
anlamli bir fark olusturmamistir (P>0.05).

Dev kralotu silajlarinin rasyonda misir silaji yerine
farkli oranlarda kullaniminin in vitro kosullarda ME ve
OMS Ulzerine etkisi grup, doz ve grup*doz etkilesimle-
ri agisindan farkhhklar anlamh  bulunmustur
(P<0.001). Silaj gruplarinin farkh dozlarda rasyona
ilavesi (KDKOS grubunun %25’lik dozlari disinda)
ME ve OMS degerlerinde dislise neden olmustur.
Her iki parametrede de en dusik degerler (8.90 MJ/
kg KM, 60.15 MJ/kg KM) %100 dozunda ADKOS
grubunda belirlenmistir. istatistiksel olarak silaj grup-
lari arasinda %0 ve %75'lik dozlar disinda (P>0.05),
anlamli farkliliklar bulunmaktadir (P<0.001).

Besi sigiri rasyonlarinda misir silaji yerine farkl oran-
larda KDKOS kullanilmasi in vitro rumen sivisi amon-
yak azotu (NH3-N) konsantrasyonunu arttirmistir
(Tablo 6). Amonyak azotu konsantrasyonundaki artis
KDKOS’un rasyona eklenme miktarinin artmasina
paralel olarak artis géstermistir. Calismada en disik
NH3-N orani (29.52 mg/dl) FDKOS’un %50 katildi§i
grup ile ADKOS’un %100 katildigi grupta belirlenmis-
tir. Gruplar arasinda en yliksek NH3-N konsantrasyo-
nu ise KDKOS’'un%100 oraninda misir silaji yerine
kullanildigi grupta (37.37 mg/dl) saptanmistir. Gruplar
arasinda ve grup*doz etkilesiminde istatistiksel olarak
anlamli bir fark oldugu tespit edilmistir (P<0.001).
Besi sigir tam rasyonuna misir silaji yerine %100
dozunda KDKOS ve IDKOS ilavesinin NH3-N kon-
santrasyonunu arttirdigi, %100 dozunda FDKOS ve
ADKOS ilavesinin ise NH3-N konsantrasyonunu
azalttigr gozlenmistir.

in vitro bitirik asit Uretimi bakimindan grup, doz ve
grup*doz etkilesimi anlamli bulunmustur (P<0.001,
P=0.027). Calismada katkil ve katkisiz tim DKOS’la-
rinin misir silaji yerine katilan tim oranlarinda butirik
asit dretiminin arttii, propiyonik asit, asetik asit ve
TUYA Uretiminin ise azaldigi belirlenmigtir. En ylksek
bitirik asit diizeyinin (13.76 mmol/L) IDKOS'un %
25’lik oraninda rasyona katildigi grupta oldugu sap-
tanmistir. En disik propiyonik ve asetik asit Gretimi
(31.54 mmol/L, 50.30 mmol/L) ise KDKOS’un %75
katildig1 grupta belirlenmistir. Silaj gruplarinin farkl
dozlarda misir silaji yerine rasyona eklenmesinin
bitirik asit dizeyini arttirdigi tespit edilmistir.

Toplam ugucu yag asitleri (TUYA) % asetik asit duize-

Murat EREN

yinde grup, doz ve grup*doz etkilesimleri istatistiksel
olarak anlamli bulunmustur (P<0.001). En distk %
asetik asit dizeyi (%52.58) ADKOS grubunun %50
dozunda tespit edilmis olsa da bu grubun diger dozla-
rinin (%25, %75 ve %100) dizeyleri %50 dozu ile
benzerdir. En yiksek % asetik asit dizeyi (%55.07)
ise %0 (%100 misir silaji iceren tam rasyon) dozunda
g6zlenmistir. %25, %50, %75 ve %100 dozlarinda
gruplar arasinda istatistiksel olarak anlamli bir fark
oldugu, silaj gruplarinin farkli dozlarda misir silaji
yerine rasyona eklenmesinin TUYA % asetik asit
dizeyini azalttigi tespit edilmigstir.
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Dev kralotu (Pennisetum hybridum) silajlari...

Tartisma ve Sonug

Diinya’da 20-25 yildir kullaniimakla birlikte Turkiye'de
henuz tam olarak taninmayan, yetistiricilidi yaygin
olarak yapilmayan, tropik kdkenli ve ¢ok yillik bir bitki
olan ve Ulkemizde Akdeniz iklim kosullarinin hikim
surdigu bolgelerde Uretimi yapilabilecek olan dev
kralotu (Pennisetum hybridum) bitkisi de, yesil yem
bitkisi olarak veya cesitli katki maddeleriyle kombine
edilerek yapilan slaji ile kaba yem kaynagi olarak
ruminant beslemede kullanilabilecek potansiyele sa-
hip alternatif bir kaba yem kaynagidir (Geren, 2014).

Yapilan ¢aligmada dev kralotunun silolanmadan 6nce
taze halde %8.57 HP igerigine sahip oldugu belirlen-
mis ve Li ve ark. (2014)nin, 100 glnlik vejetasyon
stresine ulagsmis DKO igin bildirdikleri HP igerigi (%
8.27) ile benzer oldugu gorilmustir. Geren ve ark.
(2020), DKO’nun HP oraninin bigim zamanina gore
degistigini en ylksek HP oraninin %12.7 ile 30 glinde
bir yapilan bigim uygulamasindan elde edilirken, en
disik ortalama HP orani da %5.7 ile 180 giinde bir
bicilen bitkilerden elde edildigini bildirmislerdir.

Dev kralotu tropik kdkenli bir bitki oldugundan dolayi
yuksek miktarda lifli bilesikler icermektedir. Calisma-
da elde edilen aNDFom ve ADFom degerleri (%66.03
aNDFom, % 41.93 ADFom); Li ve ark. (2014), 100
glnlik vejetasyon siresine ulasmis DKO’nun silolan-
madan 6nce KM'de % 65.39 NDF ve % 46.18 ADF
icerdigini bildirdikleri ¢alisma bulgulari ile benzerlik
oldugunu gostermistir. Calisma bulgularina gore
DKO’nun aNDFom igerigi, NRC (2001)’e gbre rasyon-
da bulunmasi gereken aNDFom diizeyinin (%25-33)
Uzerindedir. Bu durumun yem tiiketiminde ve verimde
azalmalara neden olabilecegdi dugtnulebilir. Ancak
rasyonun lif igeriginin disik dizeyde olmasi duru-
munda ise rumen fermantasyonunun bundan etkile-
nerek asidozis olgularinin olusabilecedi unutulmama-
hdir.

Calismada kullanilan dev kralotu bitkisinin NFC diize-
yi %13.56 olarak belirlenmis olup, Silva ve ark.
(2011)nin  Pennisetum cinsine ait bes farkli turin
verim ve kaba yem degerini belirlemek icin yaptiklar
calismada, bu bes tire ait NFC degerinin %7.9-13.8
arasinda degistigini bildirdikleri sonuglar ile uyumlu
bulunmustur.

Toplam sindirilebilen besin maddeleri (TDN) duzeyi
KM'de %57.36 olarak belirlenmis, bu oran NRC
(1996)'da 30 ve 60 gunlik vejetasyon suresine ulag-
mis taze Pennisetum purpureum (Napiergrass) igin
belirlenen KM'de %53-55 TDN dizeylerine benzer
bulunmustur.

Calismada kullanilan dev kralotunun yesil halde nispi
yem degeri 79.23 olarak belirlenmistir. Arastiricilar
tarafindan ifade edilen puanlamaya gore dev kralotu-
nun nispi yem degerinin “4.sinif” kalitede oldugu tes-
pit edilmistir. Calisma bulgulari, Geren ve ark. (2021)
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tarafindan yapilan galismada elde ettikleri 120 glnlik
vejetasyon suresine ulagsmis dev kral otunun nispi
yem degerleri (76.3-78.1) ile uyumlu bulunmustur.

Calismada katkisiz ve farkli katki maddeleri ile yapi-
lan DKOS’larin HP oranlari %8.18 ve 8.98 arasinda
degismektedir. Bu degerler Zi ve ark. (2021) tarafin-
dan yapilan ¢alismada bildirilen HP oranlarina (8.25-
8.86) benzer bulunmustur. Calisma bulgulari dev
kralotu silajinin HP oraninin misir silaji HP oranina
yakin oldugunu gostermektedir. DKO silajlarinda HP
dizeyini etkileyen diger bir husus ise bitkinin bigim
dénemidir. Zira daha erken dénemlerde bigilip silaji
yapilan DKO’unda HP orani daha yiiksek degerlere
sahiptir (Geren ve ark. 2020). Bu ¢alisma sonugclari
da DKO’nun bigim zamaninin silajlarda HP dizeyi
Uzerine etkisini géstermektedir. Yapilan calismada da
kullanilan DKO’nun bitkinin vejetasyon d&neminin
120. gunlnde hasat edildikten sonra silajinin yapildi-
g1 dusunulduginde belilenen HP dlzeyinin literattr
bulgulari ile uyumlu oldugu gorilmektedir.

Calismada arpa unu katkili silajin HP igerigi diger
silajlardan 6nemli oranda yiksek bulunmustur. Arpa
unu katkili DKO silajlarinda HP oraninin KDKOS’a
gore 6nemli 6lcide artmasi; arpanin ortamda bulu-
nan suda ¢6zlnebilir karbonhidratlan (SCK) arttirma-
siyla laktik asit bakterileri igin iyi bir fermantasyon
ortaminin saglanmasi ve mikroorganizmalarin hizli
bir sekilde Ureyip ortam pH’sini dustrerek protein
yikimini en alt diizeye indirmesine baglanabilir (Kung
ve ark., 1984).

NFC, HS, aNDFom ve NYD diizeyi bakimindan katki-
siz, inokulant-enzim ve fumarik asit katkili silajlar
arasinda 6nemli bir fark bulunmazken; arpa unu kat-
kili silajin HS, ADFom ve aNDFom icgerigi 6nemli
oranda dusuk, NFC ve NYD igeridi ise ylksek bulun-
mustur. Katkisiz DKO silaji ile kiyaslandiginda arpa
unu katkili silajlarda NFC igeriginin ylksek olmasi;
arpanin azotsuz 6z madde igeriginin yiksek olmasi
nedeni ile arpanin ortamda laktik asit bakterileri igin
SCK dizeyini arttirarak NFC iceriginin daha az fer-
mente olmasina yol agmasina baglanabilir. Ote yan-
dan arpa unu ilave edilen silajlarda NFC igerigi artar-
ken, yem tiketimi ve sindirilebilirligini nemli oranda
etkileyen gostergelerden HS, ADF ve NDF duzeyi de
o6nemli oranda azalmistir. Bu durum da silaja ilave
edilen karbonhidrat kaynaklarinin ortamdaki LAB
faaliyetlerini hizlandirarak hiicre duvari bilesenlerinin
parcalanmasina neden olmasi ile agiklanabilir. Calis-
mada DKOS’lara arpa ilavesinin sindirilebilirlik tzeri-
ne etkili olan ADF ve NDF gibi hlicre duvari unsurlari-
ni azalttigi buna bagl olarak silaj NYD’sini artirdigi
saptanmistir.

Calismada en yiksek pH KDKOS’inda belirlenirken,
katki maddesi iceren tim DKOS’larinda pH 6nemli
oranda disgmustir. Bu sonu¢ DKO’ya yapilan ilavele-
rin (bakteriyel inokulant+enzim, fumarik asit, arpa
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unu) silaj fermantasyonunu olumlu etkiledigini ve pH
degerlerinin Onerilen degderler arasina ulagmasini
veya yaklagmasini sagladigini géstermigtir.

Arastirmada kullanilan dev kralotu yesili ve farkl kat-
ki maddeleriyle hazirlanan DKO silajlarinin 24. saat-
teki inkubasyon sonrasinda in vitro kimdulatif gaz
iretimleri (TGU) incelendiginde en yiiksek gaz Ureti-
mi (39.11 ml/0.2g KM) dev kralotu yesilinde belirlenir-
ken, en dusik gaz uretimi (25.66 ml/0.2g KM) ile
KDKOS’inda belirlenmistir. Katkil DKO silajlarinin
toplam gaz Uretiminin katkisiz dev kralotu silajindan
daha fazla olmasi silaj katki maddelerinin olusturdugu
uygun fermantasyon ortamina bagli olarak silajlarin
besin madde bilesimindeki degisime baglanabilir.
Ayrica galismada, en yilksek TGU’nin gruplar arasin-
da en dusuk oranda (%61.50) NDF iceren ADKOS
grubunda elde edilmesi; yemlerin hicre duvari igerik-
leri (ADF, NDF) ile gaz uretimi arasinda mikrobiyal
aktivitenin azalmasi nedeniyle negatif bir iliski oldugu
gOrusuini desteklemektedir (Kili¢ ve Sarigigek, 2006).
Dev kralotu silajina katilan farkh katkilarin besin mad-
de kaybini engelleyerek uygun fermantasyon sonucu
gaz uretimini arttirdigi 6éngérulmustir. Calismada in
vitro ME (MJ/kg KM), OMS (%) ve NE_ (MJ/kg KM)
diizeyleri de TGU sonuglar ile paralellik géstermekte-
dir. Tim silaj katkilari OMS derecesini buna bagl
olarak da ME ve NE, degerlerini 6nemli oranda arttir-
mistir. Katki maddesi igeren silajlar arasinda en yuk-
sek OMS ile ME ve NE, degerlerinin arpa katkili silaj-
larda elde edilmesi arpanin silaj ortaminin SCK orani-
ni yukselterek ADF ve NDF oranini disirmesine
baglanabilir.

In vitro fermantasyon bulgulari incelendiginde; en
yuksek metan dizeyinin (%21.93) dev kralotu yesilin-
de oldugu gorilmektedir. Fumarik asit (%18.97) ve
inokulant-enzim katkili silajlar icin metan dizeyinin
(%19.63) o6nemli oranda azaldigi tespit edilmistir.
Daha 6nce yapilan bazi c¢alismalarda da, galisma
bulgular ile uyumlu olarak fumarik ve malik asit gibi
organik asitlerin mikrobiyal protein sentezini ve propi-
yonik asit oranini arttirdi§i, rumende metan Uretimini
ve total UYA igindeki asetik/propiyonik asit oranini
azalttigr belirlenmistir (Khampa ve ark., 2007). Calis-
mada DKOS’inda fumarik asit kullanimi ile beklenildi-
gi gibi metan Uretimin azaldigi gortimuistir. Bu duru-
mun metan ureten bakteriler ile fumarat kullanan bak-
teriler arasinda H+ iyonlari i¢in rekabet ortami olus-
masindan kaynaklandigi 6ngérilmustur.

Hayvan beslemede, misir silajina alternatif bir kaba
yem kaynagdi olarak dev kralotu silajinin kullabilirligi-
nin arastirildiyi bu c¢alismada, besi sigir rasyonuna
cesitli oranlarda (%25, %50, %75 ve %100) DKOS
katiimasi ile elde edilen in vitro parametrelerde; TGU
(ml/0.2g KM) yéninden silaj gruplari, tam rasyona
eklenme dozlari ve bu iki parametre arasindaki inte-
raksiyonlarda ©nemli farkliliklar tespit edilmistir.
DKO’nun katkisiz veya degisik katki maddeleri ile
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hazirlanan silajlarinin rasyona misir silaji yerine farkl
oranlarda katilmasi in vitro TGU (ml/0.2g KM)ni
onemli oranda azaltmistir. Gaz Uretiminin en fazla
DKOS igermeyen TMR (%100 misir silaji) grubunda
gerceklesmesi, rasyonun diger tim rasyon gruplarin-
dan aNDFom ve ADFom igeriginin (KM’'de %37.32-
19.94) daha dusuk dizeyde olmasi yaninda, rumen
mikroorganizmalari i¢in yararlanilabilir protein degeri-
nin diger rasyon gruplarina gére daha ylksek oranda
saglamasina baglanabilir. DKO silaji ve farkli katki
maddeleriile hazirlanan silajlarinin rasyona misir silaji
yerine cesitli dozlarda ilavesi KDKOS'un %25'lik dozu
disinda ki dozlarda, in vitro kimdlatif gaz tretiminde
olumsuz etki yapmustir. Ozellikle silaj gruplarinin ras-
yonda misir silaji yerine %100 oraninda kullaniminda
olumsuz etki daha fazla goérilmustir. Calismada in
vitro ME (MJ/kg KM) ve OMS (%) diizeyleri TGU so-
nuglarina paralel olarak, en yiksek OMS, ME degeri
%100 misir silaji, en duslk degerler %100 ADKOS
iceren rasyonda belirlenmigti. KDKOS’'un %25'lik
dozunun rasyonda misir silaji yerine kullanimi ME ve
OMS diizeylerini etkilememistir. Bu durumda, mevcut
g¢alisma bulgularina gére rasyonda misir silaji yerine
sadece %25 oraninda KDKOS kullanilabilecegi belir-
lenmistir.

Calismada, besi sigin rasyonlarinda misir silaji yeri-
ne farkli oranlarda (%25, %50, %75 ve %100)
KDKOS kullaniimasi in vitro rumen sivisi amonyak
azotu (NH3-N) konsantrasyonunu arttirmistir. Amon-
yak azotu konsantrasyonu, KDKOS’un rasyona katilig
dizeyine paralel artis gosterdigi belirlenmistir. Dziuk
(1984), ruminantlarda rumen NH3-N konsantrasyonu-
nun rasyona ve yemleme sonrasi sureye bagl olarak
20-1000 mg/L arasinda degistidini bildirirken, Satter
ve Roffler (1981) ise rumen sivisi amonyak azotu
konsantrasyonunun 8-561 mg/L arasinda degistigini
kaydetmiglerdir. Calisma bulgular, arastiricilarin ru-
men sivisi amonyak azot konsantrasyonu igin bildirdi-
gi degerler arasinda bulunmaktadir. Mevcut ¢aligsma
bulgularinda belirlenen; rasyona misir silaji yerine %
100 dozunda FDKOS ve ADKOS ilavesinin TMR (%
100 misir silaji)a gére daha dusik NH3-N konsant-
rasyonuna sahip olmasinin nedeni olarak; bu grupla-
rin eklendigi rumen sivisinda mikroorganizmalarin
etkinliginin daha disiik duzeylerde kalmasindan dola-
yI aminoasit deaminasyonunun daha az oldugu
(Mcintosh ve ark., 2003) 6ngorulmuistir. Ayrica in
vitro protein sindiriminin daha az gercgeklestigi ancak
bypass protein duzeyinin daha yuksek oranda olabi-
lecegi disinilmektedir.

Bu calismada, DKOS igcermeyen %100 misir silaji
gruplarinda, toplam yag asidi icerisinde asetik asit
orani genelde %55, propiyonik asit %35 ve butirik asit
orani ise %10 araliginda belirlenmigtir. UYA'nin kon-
santrasyonu diyetler arasinda oldukga farkh olsa da,
rumen sivisinda genellikle 60 ila 120 mmol/L arasin-
da degismektedir (Jakkola ve ark., 2006).
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Dev kralotu (Pennisetum hybridum) silajlari...

Calismada katkili ve katkisiz bitin DKOS’larin misir
silaji yerine katilan tim oranlarinda butirik asit Ureti-
minin arttigi, propiyonik asit, asetik asit ve TUYA Ure-
timinin ise azaldig! tespit edilmigtir. TUYA konsant-
rasyonunun azalmasi gaz Uretiminin de azalmasina
neden olmaktadir. Bu durum TGU Uretiminin de ben-
zer oranda azalmasi ile uyumludur. Ayni zamanda
asetik asit ve propiyonik asit konsantrasyonunun di-
ger gruplardan fazla olmasi, bitirik asit konsantrasyo-
nun ise daha az olmasi; TMR (%100 misir silaji ige-
ren)'in NFC igeriginin diger rasyon gruplarindan fazla
olmasindan kaynaklandigi dustniimektedir.

Sonug olarak, dev kralotu (Pennisetum hybridum)
bitkisinin ruminant besleme yoniinden alternatif kaba
yem kaynagi olarak kullanilabilecegi, cesitli katki
maddeleri kullanilarak silajinin yapilmasinin, katkisiz
olarak yapilan silajindan daha iyi sonuglar verdigi,
ayni zamanda dev kralotu bitkisinin ruminantlar tara-
findan taze halde tiiketiminin, katkisiz olarak hazirla-
nan silajinin tiketiminden daha avantajli olabilecedi,
besi sigir tam rasyonunda misir silaji yerine kullani-
minin in vitro parametleri olumsuz etkiledigi ve misir
silaji yerine sadece %25 oraninda katkisiz dev kralo-
tu silaji kullaniminin olumsuz bir durum olusturmadigi
belirlenmigtir.
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Abstract: Bovine enterovirus (BEV) infection is a common viral disease in cattle. Although the infection is often sub-
clinical, it is among the possible causes of gastroenteritis. BEV infections have also been associated with respiratory
and reproductive system disorders and signs of diarrhea. BEV is divided into two serotypes, enterovirus serotype E
(EV-E) and enterovirus serotype F (EV-F). This study aims to determine the seroprevalence of EV-E in calves in Konya
province. For this purpose, 504 BEV unvaccinated calf blood serum samples from the Selcuk University Veterinary
Faculty Virology Department laboratory were used. A serum neutralization test (SNT) was used to determine EV-E
seroprevalence. 342 (67.85%) samples were found to be seropositive, and 162 (32.14%) were seronegative. In addi-
tion, as the serum neutralization 50 (SNsy) antibody titers of seropositive animals were examined, the titers determined
as 1/10, 1/15 and 1/20. Among the results we obtained, the highest antibody titers were defined as 1/80 and 1/120; the
total number of animals with these values was In conclusion, bovine enteroviruses are an infection of importance for
cattle breeding. Therefore, necessary precautions must be taken to protection infection. It is thought that the results of
the present study will provide important data for future studies.

Keywords: Antibody, bovine enterovirus, serum neutralization test

Konya Bolgesi’ndeki Buzagilarda Bovine Enterovirus’un Serolojik Arastiriimasi

Oz: Bovine enterovirus (BEV) sigir poplilasyonunda yaygin olarak gézlenen viral bir enfeksiyondur. Enfeksiyon daha
siklikla subklinik olmasina ragmen, gastroenterit hastaliginin olasi nedenleri arasinda yer almaktadir. BEV enfeksiyon-
lari ayni zamanda solunum ve Ureme sistemi bozukluklari ve ishal bulgulari ile de iligkilendiriimektedir. BEV, enterovi-
rus serotip E (EV-E) ve enterovirus serotip F (EV-F) olmak Uzere iki serotipe ayrilir. Bu galisma Konya bdlgesinde
buzagilarda EV-E seroprevalansini tespit etmek amaci ile yapildi. Bu amagla Selguk Universitesi Veteriner Fakiiltesi
Viroloji Anabilim Dali laboratuvarinda bulunan 504 adet BEV yoniinden asisiz buzadi kan serum numuneleri kullanildi.
Kan serum o&rneklerine EV-E seroprevelansinin belirlenmesi icin serum nétralizasyon testi (SNT) uygulandi. 342 (%
67.85) Ornek seropozitif 162 (%32.14) drnek ise seronegatif tespit edildi. Ayrica seropozitif hayvanlarin Serum Nétrali-
zasyon 50 (SNsy) titreleri incelendiginde nétralize edici antikor titreleri 1/10, 1/15 ve 1/20 olarak tespit edildi. Sonuglar
arasinda en yuksek antikor titreleri1/80 ve 1/120 olarak tanimlandi ve bu degerlere sahip total hayvan sayisi ise 18
olarak tespit edildi. Sonug olarak, sigir enteroviruslari sigir yetistiriciligi icin 6nem arz eden bir enfeksiyondur. Bu
nedenle enfeksiyondan korunmak igin gerekli dnlemlerin alinmasi gerekmektedir. Mevcut galismadan elde edilen
sonuglarin gelecekte yapilmasi planlanan galigmalar igin dnemli veriler saglayacagi disuiniimektedir.

Anahtar kelimeler: Antikor, serum nétralizasyon testi, sigir enterovirus

Introduction et al., 2019). The Picornaviridae family consists of 63

genera and 147 species. Members of this family in-
Bovine enterovirus (BEV) is an Enterovirus in the clude Aphtovirus (foot-and-mouth disease virus, eq-
Picornaviridae family. Picornaviruses are small, non- uine rhinitis A virus), Cardiovirus (cardiovirus A and
membrane, positive-stranded RNA viruses (Candido B), Hepatovirus (hepatovirus A), Enterovirus (A, B, C,

D, E, F; Rhinovirus A, B, C), Parechovirus (A and B),

Kobuvirus  (aichivirus ~A) and  Senacavirus

Gelis Tarihi/Submission Date - 11.08.2023 (senacavirus A) (Zell et al., 2017). Members of Enter-
Kabul Tarihi/Accepted Date  :17.11.2023 . . . . .

ovirus species A to D and Rhinovirus species A to C
*This study was summarized from the project coded 21401139, cause infections primarily in humans, E and F in cat-
supported by the Scientific Research Projects Unit of Selcuk Univer- tle, G in pigs, and H and L in monkeys (Rao, 2021).

sity.

** A part of the study was presented as an oral presentation at the
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Serological investigation of bovine enterovirus...

BEV is usually isolated from healthy animals. Despite
BEV infects mammals orally, this pathogen is unaf-
fected by the gastrointestinal tract, travels from the
digestive tract to the lymph nodes, and elicits an anti-
body response. Neutralizing antibodies specific to
BEV have been detected in many species, including
humans, cattle, sheep, goats, dogs, horses, and
monkeys (Luo et al.,, 2023). Although the disease
usually presents as a subclinical infection with mild
symptoms, fatal cases with low morbidity have rarely
been reported (Blas-Machado et al., 2007). Further-
more, the pathogenesis and virulence of the infection
are still not fully understood and are currently under
investigation (Gur et al., 2008).

Serotyping of BEV has been performed by classifica-
tion studies based on tests such as hemagglutination,
virus neutralization, and complement fixation. The
Enterovirus genus consists of subfamilies with more
than 80 serotypes that can infect cattle and other
animal species. BEV is divided into two serotypes,
Bovine enterovirus serotype 1 (BEV-1) and Bovine
enterovirus serotype 2 (BEV-2). According to the 9th
International Committee on Taxonomy of Viruses
(ICTV) report, bovine enteroviruses 1 and 2 have
recently been named Enterovirus E (EV-E) and Ente-
rovirus F (EV-F) types. In BEV seroprevalence stu-
dies conducted in Turkey, EV-E serotype was mostly
detected (Gur et al., 2006; 2008; 2019; Erol et al.,
2020). The host of EV-F was determined as domestic
cattle, unlike EV-E (Gur et al., 2019).

EV-E has been reported from domestic cattle (Bos
taurus), buffalo (Bubalus bubalis) (Urakawa and
Shingu,1987), sheep (Ovis aries) (Jain and Batra,
1985), goats (Capra hircus) (Jain and Batra,1985),
sika deer (Cervus nippon) (Urakawa and
Shingu,1987), wild African buffalo (Syncerus caffer),
and impala (Aepyceros melampus) (Hamblin et al.,
1985). In the last two decades, the EV-E serotype
has been isolated from a pregnant 2-year-old heifer
in Oklahoma (Blas-Machado et al., 2007). Antibodies
to EV serotype E can also be detected in species
such as buffalo (Bubalus bubalis) (Gir et al., 2006),
dolphins (Nollens et al., 2009), alpacas (Mc Clenahan
et al., 2013), and rats (Zheng, 2007). The susceptibil-
ity of young calves to BEV infection is important for
understanding the pathology associated with infection
and for the epidemiology and characterization of EV-
E infection in herds (Blas-Machado et al., 2007). BEV
isolates were first named enteric cytopathogenic bo-
vine viruses (Castells and Colina, 2021), and these
isolates have been described in many countries
worldwide (Beato et al., 2018; Ren et al., 2020;
Mosena et al., 2022). BEVs found in cattle worldwide
generally cause asymptomatic infections and are
shed in the feces of infected animals (Park et al.,
2009). Most enteroviruses are transmitted in animals
and humans via the fecal-oral route and colonize the
digestive tract (Rao, 2021).
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Clinically diseased cattle may have extensive replica-
tion in many organs in addition to local lymph nodes,
followed by reproductive, respiratory, and enteric
symptoms (Solomon et al., 2010). The most common
clinical signs in BEV-infected cattle are abortions,
stillbirths, infertility, and neonatal death (Christianson,
1992; Beato et al., 2018). Persistent diarrhea, respir-
atory disease, and enteritis are common pathological
signs in cattle infected with BEV. Moreover, they do
not have characteristic pathological lesions distin-
guishing BEV infection from other pathogens that
cause similar clinical signs (Candido et al., 2019). It is
highly resistant to environmental conditions (Birdane
and Gur, 2019). No vaccine prevents or controls BEV
infection (Wang et al., 2012).

Infected cattle can easily spread BEV through their
feces. Wild ruminants are thought to play a role in
transmitting BEV to domestic cattle (Gras et al.,
2017). In general, there are few studies on BEV in
Turkiye. This study was conducted to determine the
seroprevalence of EV-E infection cases in the field by
detecting the presence of EV-E antibodies in calf
populations in the Konya province and measuring
antibody levels of positive samples.

Materials and Methods
Collection of samples

In this study, 504 calf blood serum samples taken
from Konya province, available in the laboratory of
Selcuk University Faculty of Veterinary Medicine De-
partment of Virology, were used. All procedures were
approved by the Selcuk University Veterinary Faculty
Ethics Committee (Ethical approval number 2021/117
on 20/10/2021).

Confirmation of EV-E isolates by RT-PCR method

The presence of BEV in the virus suspension used
for the study was checked and confirmed using pri-
mer sets designed for the viral polyprotein gene seg-
ment. These primer sets (BEV-F: 5ACC TTT GTA
CGC CTG TTT TCC-3'; BEV-R: 5-GAT TAG CAG
CAT TCA CGG C-3') were designed by Blas-
Machado et al. (2011) to detect the presence of the
EV-E Oklahoma isolate.

RNA extractions were performed using a commercial
extraction kit (QlAamp Viral RNA Mini KitCatno:
52904) from the viral suspension produced in the
susceptible cell line. The application was performed
according to the protocol indicated by the manufac-
turer. The obtained extraction products were subject-
ed to a one-step reverse transcriptase-polymerase
chain reaction (one-step RT-PCR). The MegaFi™
One-Step RT-PCR (Cat. No.: G597) kit was used in
this method. PCR cycles of the prepared reaction
mixtures: after cDNA generation at 60°C for 15 min,
denaturation at 98°C for 10 sec, annealing at 54°C
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for 20 sec, extension at 72°C for 40 sec during one
cycle of 30 sec at 98°C and 33 reactions. Finally, the
last extension step was performed at 72°C for 2 min,
and the RT-PCR process was terminated. At the end
of the process, the PCR products were transferred to
wells of a 2% agarose gel containing ethidium bro-
mide. The products were subjected to electrophore-
sis. At the end of the procedure, the PCR product
was visualized under UV light, and the sample was
found to be positive for EV-E with a band in the range
of 484 bp.

Cell line and virus strain

The cell lines and virus strains were obtained from
the cell and virus collections of Selcuk University,
Faculty of Veterinary Medicine, Department of Virolo-
gy. Before starting the study, the fetal bovine serum
(FBS) and the cell line to be used in the test were
screened for non-cytopathogenic (ncp) pestivirus by
PCR test and it was confirmed that there was no ncp
pestivirus contamination. The continuous Madin-
Darby Bovine Kidney (MDBK) cell line was used as a
sensitive cell line to generate EV-E. MDBK cells and
virus replication processes were performed using
Modified Eagle's Medium (DMEM, Gibco) in an incu-
bator at 37°C and 5% CO,. The medium was supple-
mented with 10% FBS, 1% antibiotic (penicillin-
streptomycin (10,000 U/mL)), and 1% L-glutamine for
the cell generation processes.

For the neutralization assay, the EV-E isolate was
inoculated into MDBK cell lines that had been pas-
saged 24 hours ago and had a monolayer greater
than 80% using the adsorption virus cultivation meth-
od. At the end of virus cultivation, cells were main-
tained in an incubator with 5% CO, at 37°C for 1
hour. At the end of the incubation period, the virus
suspension in the cells was removed, and the inocu-
lated cell lines were returned to the incubator after a
cell production medium containing 2% FBS was add-
ed to the medium. Cells that showed a cytopathic
effect of 80% or more under the tissue culture micro-
scope were placed in a -30°C freezer and frozen/
thawed. The resulting virus suspensions were trans-
ferred to sterile 15 ml centrifuge tubes. The virus sus-
pensions were centrifuged at 3000 rpm for 5 minutes
in a refrigerated centrifuge at +4°C. At the end of the
procedure, the supernatant was transferred to cryovi-
als as 1 ml. Portioned EV-E was stored in a freezer at
-80°C for use in the study.

Virus titration test

To determine the infectious dose of EV-E used in the
assay, a 50% tissue culture infectious dose analysis
(DKIDsg) was performed, and the titers of the virus
were determined by this method. For this purpose,
the virus suspension grown in stock was diluted ten-
fold with DMEM containing 2% FBS. (Sigma-Aldrch)
Virus suspensions diluted in log 10 base were trans-
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ferred to 96-well plates (TPP, Switzerland) in quadru-
plicate 100 ul volumes. Then, 50 ul of a cell suspen-
sion containing 5x10* MDBK cells was added to each
well. The plates were incubated in an incubator
(Thermo, Scientific) with 5% CO, at 37°C for 72
hours. At the end of this period, the plates were ex-
amined under a tissue culture microscope (Olympus,
Japan) for the formation of cytopathic effects (CPE)
and the amount of DKIDsy per ml was calculated ac-
cording to the Spearman-Karber (Spearman, 1908;
Karber, 1931) method (Figure 1).

Figure 1. The cytopathic effect seen in titration test
virus control. A) Virus control (CPE seen 24 h after
seeding EV-E into MDBK cell line. B) Cell control
(x60).

Serum neutralization test

For this study, pre-portioned serum samples were
diluted and used as multiples of 3 and 5, considering
the possibility of toxic effects that the sera might
cause in cell culture. Each diluted serum was trans-
ferred to 96-well plates in 2 copies in 50 ul volume.
The viral suspension, whose DKIDs, was known by
the viral titration assay, was diluted to 100DKIDsy with
DMEM medium containing 2% FBS. 50 pl volume of
100 DKIDsp pl of virus suspension was transferred to
wells containing 50 pl serum sample in a 1:1 ratio. At
the end of the process, the study plates were incubat-
ed in an incubator with 5% CO, at 37°C for 1 hour. At
the end of this period, 50 pl of cell suspension con-
taining 5x10* MDBK cells was added to the wells of
the plates. The plates were transferred to an incuba-
tor with 5% CO, at 37°C. At the end of the 72-hour
assay period, results were evaluated based on CPE
formation in the cell culture.

Serum neutralization 50 Test (SNs)

The serum neutralization 50 (SNs) assay was per-
formed to determine antibody titers in positive sam-
ples in the serum neutralization assay. For this pur-
pose, Ab (+) serum samples were diluted on a log;
basis, starting with 1/4 and 1/5 dilutions. The samples
diluted on a log, basis were transferred to 96 well
plates as two copies in 50 pl volume, and the same
volume of EV-E suspension was added at a ratio of
100DKIDs. After virus addition, plates were trans-
ferred to an incubator with 5% CO, at 37°C and incu-
bated for 1 hour. At the end of the incubation, 50 pl of
the cell suspension containing 5x10* MDBK cells was
added to the wells of the plates. The plates were
transferred to an incubator with 5% CO, at 37°C and
incubated for 72 hours. The results were evaluated
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for the presence of CPE at the final dilution point, and
the antibody titer was determined.

Results

The serum samples of 504 calves of animals not vac-
cinated against EV-E in the Konya province were
analyzed for EV-E antibodies. The result of this study
was that 342 animals showed Ab(+) against EV-E; Ab
(-) was detected in 162 animals (Figure 2). The rate
of EV-E seropositivity in these tested animals was
67.85%, as shown in Figure 2; the seronegative ani-
mal rate was 32.14%.

Neutralization Test

600

500
400
300
200

Number of Animals

100

0

B Total Test Sample 504
B Ab(+) %67.85 342
[IAb(-) %32.14 162

Figure 2. EV-E neutralization test results of samples.

When SNs, antibody titers of the seropositive animals
were examined, in the 342 Ab(+) sample, neutralizing
antibody titers of 1/4 (2.63%) in 9 animals, 1/10
(21.05%) in 72 animals, 1/15 (18.42%) in 63 animals,
1/20 (18.42%) in 63 animals, 1/24 (13.15%) in 45
animals, 1/30 (5.6%) in 18 animals, 1/48 (2.63%) in 9
animals, 1/60 (7.89%) in 27 animals, 1/64 (5.26%) in
18 animals, 1/80 (2.63%) in 9 animals, and 1/120
(2.63%) in 9 animals were observed (Figure 3). The
analysis of the results shows that the most frequent
neutralizing antibody titers in the calf population in
the Konya province were 1/10, 1/15 and 1/20. Moreo-
ver, the highest antibody titers were defined between
1/80 and 1/120, and the total number of animals with
the values reported in the study was 18 (Figure 3).

SN50 Test

& Total Ab(+) Number of Samples Final Dilution Point Ab(+)

Figure 3. EV-E SN, test results of samples.
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Discussion and Conclusion

Bovine enteroviruses (BEVs) were first isolated in the
late 1950s from the feces of cattle with symptoms of
pneumonia, respiratory disease, enteritis, dysentery,
and infertility, from fetal fluids of aborted calves, from
the feces of healthy-appearing animals, and treated
sewage (Li et al., 2012).

The present study investigated the seroprevalence of
EV-E infection in calves in Konya province. For this
purpose, serum samples from calves in the Konya
province that had not been vaccinated against EV-E
were tested for EV type E specific antibodies by neu-
tralization assay. 342 samples were found to be sero-
positive. The studied population's seropositivity rate
was 67.85% (Figure 2). In addition, neutralizing anti-
body titers of seropositive animals were evaluated
with the SN, test (Figure 3).

There are also studies in different countries on the
seroprevalence of BEV. Gras et al. (2017) performed
a neutralization test on 415 serum samples from cat-
tle in Brazil and found that 411 samples (99.2%) had
neutralizing antibodies to BEV. This study also found
that 91 (22.1%) of the BEV seropositive samples had
a high neutralizing antibody titer (1/320).

In another study investigating the prevalence of neut-
ralizing antibodies to BEV in Korea, antibodies aga-
inst EV-E and EV-F were evaluated in many living
species, including cattle. As a result of the findings,
the antibody against EV-E was 48.3%; 1t was shown
that the antibody against EV-F was 68.1%. Neutrali-
zing antibodies to these viruses were widespread in
Korea, endemic in cattle, and the prevalence of anti-
bodies to EV-E was lower than that to EV-F in cattle
(Park et al., 2009). In a study conducted in China, the
results of the serum neutralization test showed that
two of nine bovine serum samples from naturally in-
fected cattle had a neutralization capacity of 42 and
435 while the other seven bovine serum samples did
not (Zhang et al., 2014). In a serological study inves-
tigating BEV circulation in llama and cattle populati-
ons in Argentina, specific antibodies against BEV
were detected in 18 (4.10%) of 390 llama serum
samples and 134 (91.78%) of 146 cattle serum
samples. The rate was quite high (Puntel et al.,
1999). Enteroviruses can infect different animal spe-
cies and may be closely related genetically. In an
enterovirus seroprevalence study conducted on 795
serum samples taken from wild opossums in New
Zealand, it was found that opossums living in pastu-
res where cattle and sheep graze did not have a hig-
her prevalence of antibodies compared to animals
living in forests. In the same study, opossum-derived
enteroviruses were found to be genetically related to
bovine enteroviruses (Zheng et al., 2010).

In a study by Alkan et al. (1997), in which 480 blood
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serum samples were tested for BEV antibodies by
neutralization assay, they found EV-E in 257 sera
(53.5%) and EV-F in 233 sera (50.5%). Thus, this
study was the first to demonstrate the presence of EV
-E and EV-F infections in Turkiye. In another sero-
prevalence study conducted in Turkiye, specific anti-
bodies against EV-E were detected for the first time
in horses, dogs, goats, sheep, and humans. The
highest prevalence was found in cattle at 64.8% (Gur
et al., 2008). In a study on the seropositive rates of
EV-E in camels in Turkiye, 92 blood serum samples
were examined by neutralization test. As a result of
the test, it was found that 30 (32.61%) of 92 serum
samples were positive for EV-E (Erol et al., 2020).
BEV can easily co-infect with other viruses that cause
pathogenic infections in cattle, resulting in significant
economic losses in the cattle industry (Luo et al.,
2023). Although studies on infections caused by en-
teroviruses have been conducted in various animal
species worldwide and in Turkiye, they have mainly
focused on cattle. Previous studies have shown that
EV-E infection, in particular, is quite common. In a
study conducted in the provinces of Afyonkarahisar
(Olukpinar, Emirdag, Anitkaya, Peribacalari),
Eskisehir and Nevsehir, 1380 clinically healthy goat
serum samples collected at 6 points and showing
respiratory and reproductive problems were serologi-
cally tested for EV-E infection. 1380 goat serum sam-
ples showed a positivity rate ranging from 17.6% to
80% on a herd basis. 304 (41.8%) of 727 samples
from Afyonkarahisar, 38 (53.5%) of 71 samples from
Nevsehir, and 394 (67.7%) of 582 samples from
Eskisehir were determined to be seropositive for EV-
E in goats. It was found that the number of EV-E spe-
cific antibodies was significantly higher in herds with
respiratory (593/1040) (57%) and reproductive
(496/834) (59.4%) disorders compared to healthy
animals (3/17) (17.6%). The result of the statistical
analysis shows that there is a significant difference
between healthy and diseased herds (Acar and Giir,
2009). On the other hand, Birdane and Gur (2019)
obtained blood sera from a closed system intensive
care dairy farm in Afyonkarahisar province, Central
Anatolia region, in their serological studies for BEV.
The samples were collected simultaneously shortly
after birth. In the study, they preferred the virus neu-
tralization test due to its high sensitivity and specifici-
ty. Serum samples were collected simultaneously
from 155 calves at birth and their pre-colostral calves
over three months. The test results showed that
98.7% (153/155) of calving cattle were seropositive
for EV-E. The mean antibody titer (Ab) was the high-
est at 1/20 dilution. Specific antibodies were detected
in 8 (5.1%) of 155 pre-colostral calves, and the distri-
bution of Ab titers in these calves ranged from 1/5 to
1/40. In addition, the highest antibody titer values in
these sera were found in calves at 1/10 and 1/80.

Comparing the current study with other studies con-
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ducted in Turkiye (Alkan et al., 1997; Gur et al., 2008;
Acar and Gur, 2009), we find that the EV-E seroprev-
alence rate is similar. At the same time, these results
show that the virus is widely distributed in the field. In
the study of Gur et al. (2008), the highest seropositiv-
ity value among eight animal species (horse, sheep,
goat, cattle, dog, human, gazelle, camel) was found
in cattle (986/1520) (64.8%), sheep (84/281) (29.8%)
and goats (132/477) (27.6%). These reported data
indicate that enteroviruses are more prevalent in ru-
minants.

Since BEV is transmitted via the fecal-oral route and
has a broad host range, hygiene and biosecurity pro-
grams for disease prevention should be carefully
followed. In examining immunization trials around the
world, there is currently no vaccine that prevents BEV
infection. Nevertheless, a study conducted in China
highlighted that it is a good candidate for a viral vac-
cine vector (Ren et al., 2020). Especially due to the
limited number of immunization studies on BEV, it is
important to increase and report research in this ar-
ea.

Therefore, it is suggested that the differences in sero-
positivity rates determined in the sampled areas may
be caused by many factors, such as the differences
in the number of animals in the sampled population
and farms, the differences in husbandry conditions,
the type of rearing, the timing of infection, the age
distribution of the animals, etc. This study indirectly
detected the presence of EV-E infection in Konya
province. Moreover, the high seroprevalence detect-
ed indicates that the importance of EV-E in the Konya
province may gradually increase. It is important to
investigate further the epidemiology of infections
caused by bovine enteroviruses, especially to study
the impact of clinical features of infection on live-
stock, identify the genotypes circulating in the coun-
try, and study their phylogenetic structures.
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Abstract: Stereology is a powerful scientific method for estimating the real attributes of three-dimensional structures
using calculations on two-dimensional photographs. The goal of this study was to determine the cerebral volume of
cats using stereological cranial computed tomography (CT) and to uncover dimorphic differences. The study employed
16 adult Van cats (8 females and 8 males). A multislice CT equipment was utilized to scan the craniums of the cats
involved in the study. Stereological computations were performed using 12 section images from cranial CT sections
with intracranial borders calculated using a systematic random sampling procedure. Linear measurements of the intra-
cranial region were also taken. When the findings were analysed, it was discovered that intracranial volume values
differed across sexes (P<0.05). It was determined that the measured linear parameters and calculated index values did
not show dimorphism between the sexes (P>0.05). As a result, it is thought that the determination of the intracranial
volumes of Van cats using stereology method will contribute to clinical sciences in terms of diagnosis, detection and
treatment of diseases and will allow the comparison of volume values calculated with different methods.

Keywords: Cavalieri’s principle, intracranial volume, neurocranium, stereology

Van Kedilerinde intracranial Hacmin Stereolojik Yéntemle Hesaplanmasi

Oz: Stereoloji, tig boyutlu olan yapilarin, iki boyutlu gériintiileri (izerinden hesaplamalar yaparak gercek &zelliklerinin
tahmininin yapilabildigi etkili bilimsel bir yontemdir. Bu ¢calismada kedilerin kranial bilgisayarli tomografi (BT) kullanila-
rak intrakranial hacminin stereolojik olarak belirlenmesi ve dimorfik farkliliklarinin ortaya konulmasi amaglandi. Calig-
mada 16 adet (8 disi, 8 erkek) eriskin Van Kedisi kullanildi. Kullanilan kedilerin kranium’lari, ¢ok kesitli BT cihazi ile
tarand. Intrakranial sinirlari belirlenen BT kesitlerinden sistematik rastgele érneklem yéntemiyle 12 kesit gériintiisii
alinarak stereolojik hesaplamalar yapildi. Ayrica intrakranial bolgenin lineer 6lgiimleri alindi. Elde edilen sonuglar de-
gerlendirildiginde intrakranial hacim degerlerinin cinsiyetler arasinda dimorfizm gésterdigi belirlendi (P<0.05). Olgiilen
lineer parametreler ve hesaplanan index degerlerinin ise cinsiyetler arasi dimorfizm gostermedigi belirlendi (P>0.05).
Sonug olarak Van kedilerinin intrakranial hacimlerinin stereoloji yontemi kullanarak belirlenmesi hem hastaliklarin tani,
tespit ve tedavileri agisindan klinik bilimlere katki saglayacagi hem de farkli metotlarla hesaplanan hacim degerlerinin
kargilastirilmasina imkan saglayacagi disunulmektedir.

Anahtar kelimeler: Cavalieri prensibi, intrakranial hacim, neurocranium, stereoloji

years are measurements made using imaging sys-
tems (Manjunath, 2002; Caruso et al., 2009; Yilmaz
and Tugrul, 2019).

Introduction

The cranial cavity of the brain, liquor cerebrospinalis
involves blood vessels and is surrounded by cavum

cranii (Evans and De Lahunta, 2013; Rodrigues et
al., 2010; Kdnig and Liebich, 2020). Intracranial vol-
ume is important for diagnosing neurodegenerative
diseases and evaluating prognosis (Schofield et al,
1995). In addition, knowing the anatomical features of
the intracranial region in animals without any patholo-
gy also helps to calculate the topographic positions of
the organs to each other (Demircioglu et al, 2021a).
There are different methods to determine intracranial
volume, among which the most widely used in recent
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Stereology is a scientific method in which the real
properties of three-dimensional structures can be
estimated by making calculations on two-dimensional
images (Mayhew and Gundersen, 1996). One of the
frequently used methods in stereology is the Cavalieri
Principle. Due to its high reliability, this method is
used in many fields, as well as in the medical field,
especially in experimental studies (Diab et al., 1998;
Black, 1999; Sahin et al., 2003). Stereology is based
on the principle of neutrality and effectiveness. It is
known that the calculations do not statistically deviate
from the true value by ensuring the validity of the
principle of neutrality and effectiveness by using the
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Cavalieri Principle on the sections obtained using
cross-sectional medical imaging systems (Howard
and Reed, 1998; Roberts et al., 2000).

In the study, it was aimed to calculate the intracranial
volume of cats using cranial computed tomography
(CT) images using stereological methods and to cal-
culate the statistical difference between the sexes of
the results obtained. In addition, it aimed to contribute
to the limited literature in this field by comparing the
intracranial volumes obtained in studies on different
races and species.

Material and Method

The study 16 (8 female, 8 male) adult Van Cats in the
study. Animal materials were obtained Van Yuzlncu
Yil University Van Cat Research and Application Cen-
tre. This study was approved by Van Yizinci Yil
University Animal Experiments Local Ethics Commit-
tee (Decision no: 2020/02). After the animals were
sedated with Ketamine and Xylazine, the head region
was scanned with a 16-slice computed tomography
(CT) device (Somatom Sensetion 16; Siemens Medi-
cal Solutions, Erlangen, Germany). CT parameters;
KV / Effective mAs / Rotation time (sec) values
120/120/0.75; gantry rotation period 420 ms; physical
detector collimation, 16x0.6 mm; section thickness,
0.75 mm; final section collimation, 32x0.63 mm; feed/
rotation, 6mm; increment 0.5mm; The resolution was
determined to be 512x512 pixels. Prokop (2003) and
Kalra et al, (2004) were taken as reference in the
screening and dosing protocol (Table 1).

Stereological calculations of 12 cross-section images
were made using the mean sampling method from
cranial CT sections with limited intracranial borders.
The cross-sectional image was counted at 81 mm?
intervals using the “Grid” option on the imaged pro-
gram and calculated according to the Cavalieri’s prin-
ciple (Figure 1). The same process was repeated a
total of 3 times to be calculated at different times.
Acer et al, (2007), Roberts et al, (1993), Gundersen
and Jensen (1987) were referenced for the estima-
tion of total intracranial volume. Intracranial cavity
volumes were estimated using the following equation:

V=2pxtxa(p)

The coefficient of error (CE) was estimated by taking
Sahin et al, (2003), Roberts et al, (1993), and Rob-

Table 1. Computed tomography scan parameters
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erts et al, (1994) as reference.

Measurements are taken from the cranial cavity
(Figure 2): Measurement of the cranial cavity.

MWCC: Maximum width of the cranial cavity, [Euryon
-Euryon (intracranial border)]

MHCC: Maximum height of the cranial cauvity,
(maximum distance between the floor of the intracra-
nial compartment and the intracranial cavity roof)

MLCC: Maximum length of the cranial cavity (From
akrokranion to the lamina cribrosa ossis etmoidale)

Index 1 (Cranial cavity index): maximum width of the
cranial cavity x 100 / maximum length of cranial cavi-

ty

Index 2 (Length width index): maximum length of
cranial cavity / maximum width of the cranial cavity
(Kiinzel et al., 2003; Onar et al., 2002).

For statistical data, SPSS 20 program was used. In
the study, normality was subjected to the Shapiro-
Wilk test. Independent t-test was applied to the differ-
ences between the sexes.

+ A -+
T
+ T e
SR, i

+
+
+
+

Figure 1: A point(icounting grid that superimposed
on CT slice.

Computed Tomography Parameters
Rotation time (sec) 0.75 0.75

Kv 120 120
mAs 120 120
Thickness slice 0.75 mm 0.75 mm
Resolution 512x512 512x512
increment 0.5 mm 0.5 mm
Position Coronal Sagittal
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Figure 2: Intracranial linear measuring points (A)
Sagittal plane, (B) Coronal plane. a: Maximum length
of the cranial cavity, b: Maximum height of the cranial
cavity, ¢: Maximum width of the cranial cavity.

Results

The mean and dimorphic values obtained as a result
of the stereological calculations of the intracranial
volumes of the cats in the study are given in Table 2.
According to Table 2, it was observed that there was
a statistically significant P<0.005 difference between
the sexes in intracranial volume values.

Ali KOGYIGIT

light of this information, the intracranial volume and
linear measurements of Van cats were determined by
stereological method.

When calculating the volume according to the Cava-
lieri principle, the use of a dotted area measurement
ruler can be used safely in many disciplines (Altindal
et al,, 2018). In our study, using the dotted area
measurement ruler in volume calculation, it will allow
us to compare the method between the volume val-
ues calculated with the modelling programs today.
Although there are studies on intracranial parameters
of some animal species (Sahin et al., 2001; Onar et
al., 2002; MacKillop, 2011; Demircioglu et al., 2021a;
Demircioglu et al., 2021b), data in this area are quite
limited. Sahin et al. (2001) reported that the brain
volume was 59.24+13.09 cm?® in female rats and
60.55+17.12 cm® in males. Demircioglu et al. (2021b)
reported that the intracranial volumes of gazelles
were calculated stereological as 80.80+8.01 cm?® in
females and 78.77+7.50 cm® in males and that they
did not show dimorphism between the sexes. In the

Table 2. Sexual dimorphic values of intracranial volume (cm3)

Gender n Minimum Maximum Mean Sta|_1da_1rd CE P
deviation

Male 8 26.97 30.46 28.17 1.19

Female 8 26.16 27.86 26.99 0.57 0.03 0.024

Data are normally distributed, there is a significant difference between males and females (P <0.05)

Linear measurements of the intracranial space by
gender and the index values obtained from these
measurements are given in Table 3. When Table 3
was examined, it was determined that intracranial
parameters and calculated index values did not show
statistical dimorphism between genders (P>0.05).

Table 3. Parameter of the cranial cavity (mm)

study of Mayhew et al. (1990), in which the brain vol-
ume of cats and dogs was calculated stereological,
the brain volume of the cat was 15.9cm?®; reported
dog's brain volume as 48.7cm®. Yilmaz and Tugrul
(2019) found that the total brain volume of Van cats
was calculated with the Prowess Panther Treatment

Gender n Minimum Maximum Mean Standard deviation P

MwWce Male 8 37.18 40.58 38.59 1.09 0.355
Female 8 37.84 39.97 39.06 0.83

MHCC Male 8 28.61 31.97 30.22 1.23 0.131
Female 8 27.8 30.83 29.37 0.85

MLCC Male 8 50.05 56.82 54.17 2.98 0.972
Female 8 52.62 56.97 54.21 1.38

IndexA Male 8 66.44 77.67 71.47 5.00 0.758
Female 8 69.19 75.23 72.08 2.26
Male 8 1.29 1.51 1.405 0.01

Index2  poale 8 133 1.45 1.39 0.04 0.674

Data are normally distributed, no significant difference between males and females (P> 0.05); MWCC: Maximum
width of the cranial cavity, MHCC: Maximum height of the cranial cavity, MLCC: Maximum length of the cranial
cavity.

Discussion and Conclusion

By using the Cavalieri principle on the cross-sectional
images obtained by CT method, the volume value is
obtained in an unbiased and effective manner, and it
also minimizes the margin of error by separating it
from the surrounding structures more easily. In the

Planning System V5.01 software on CT images, and
the total brain volume was 20.72+1.71 cm® in females
and 23.26+1.80 cm® in males. reported that there was
a statistically significant P<0.005 difference between
the sexes. In the study, it was determined that the
mean value of the total intracranial volume of Van
cats was 26.99+1.19 cm® in females and 28.17+0.57
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cm?® in males and statistically P<0.05 dimorphism was
observed between the sexes. It is thought that these
value differences observed between the study and
the study of Yimaz and Tugrul (2019) may be
caused by other structures and method differences in
the intracranial cavity other than the brain.

Regodon et al. (1991) calculated cranial volumes in
dogs of different breeds by computed tomography
and stated that the sexes could be separated by cra-
nial volume at a rate of 99.99%. The study confirms
this information, and it has been determined statisti-
cally that intracranial volumes show dimorphism on
genders.

Thanks to medical imaging methods, fast, safe and
high-accuracy measurements can be taken on the
brain and brain-related structures (Kurtoglu, 2013;
Demircioglu et al., 2021c). In the study, MWCC,
MHCC, MLCC values, which are intracranial linear
measurement parameters of cats, were measured
and two index values were calculated using this val-
ue. In the statistical analysis of our measured param-
eters, it was determined that there was no dimor-
phism between the sexes. Demircioglu et al. (2021b),
in their study on gazelle intracranial parameters and
index values, reported that these findings did not
show a statistical difference between genders. Our
findings are compatible with this literature.

As a result, in the study, intracranial linear measure-
ments and volume of Van cats were determined ste-
reologically and the differences between the sexes
were determined. We believe that our study data is
important in terms of revealing the limited data in this
area and evaluating various neuroanatomical struc-
tures and many neurodegenerative diseases.
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Oz: Bu galismada, sigir mezbahasi atik suyunun (MAS) énemli bir halk saghigi riski yaratan antibiyotik direngli Entero-
coccus faecalis ve Enterococcus faecium turlerinin gevreye saliniminda olasi bir kaynak olarak roliniin arastiriimasi
amaglandi. Bu amagla, blylkbas hayvan mezbahalarindan temin edilen 106 adet MAS 6rneginden konvansiyonel
metot ile izole edilen Enterococcus spp. suslari kantitatif gercek zamanli polimeraz zincir reaksiyonu (Q-PCR) ile konfir-
me edildi ve konvansiyonel PCR ile karakterize edildi. izolatlarin antimikrobiyal duyarliliklari disk difiizyon yéntemi ile
belirlendi. Calismada MAS 6rneklerinden elde edilen 95 (%89.6) enterokok izolatinin 33’ (%34.7) E. faecalis ve 10’u
(%10.5) ise E. faecium olarak identifiye edildi. E. faecalis izolatlarinin Quinupristin-dalfopristine, rifampin, tetrasiklin ve
eritromisine kargi diren¢ oranlari sirasiyla %90, %88, %75 ve %63 olarak belirlenirken E. faecium izolatlarinin ilgili
antibiyotiklere direng¢ oranlari ise sirasiyla %90, %100, %80 ve %80 olarak belirlendi. Fakat, linezolid (%90), vankomi-
sin (2%70) ve penisilin (>%90) E. faecalis ve E. faecium izolatlarina karsi ylksek etkinlik gosterdi. Ayrica E. faecalis
izolatlarinin 26’s1 (%79), E. faecium izolatlarinin tamami (%100) ¢oklu antibiyotik direnci (CAD) gosterdi ve bu izolatlar-
dan sirasi ile %84’inin ve %100’Unin CAD indeksleri 0.2'den ylksek idi. Sonug olarak, analiz edilen MAS’larin tibbi
agidan 6nemli antimikrobiyallere karsi yiiksek oranda goklu direng sergileyen E. faecium ve E. faecalis izolatlari igin bir
rezervuar gorevi gorebilecegi ve bu organizmalarin gevreye ve insanlara kolonizasyonunda énemli rol alabilecegi tespit
edildi. Bu nedenle, zengin mikrobiyotaya sahip MAS’larin halk sagligi ve gevre lzerine olumsuz etkilerin en aza indiril-
mesi igin uygun aritma stratejileri uygulanmalidir.

Anahtar kelimeler: E. faecalis, E. faecium, halk sagldi, mezbaha atik suyu

Molecular Characterization of Enterococcus Species Isolated from Slaughterhouse Wastewater
Abstract: In this study, it was aimed to investigate the role of cattle slaughterhouse wastewater (SWW) as a possible
source of the antibiotic-resistant Enterococcus faecalis and Enterococcus faecium strains that pose a significant public
health risk. For this purpose, Enterococcus spp. strains isolated by conventional method from 106 SWW samples ob-
tained from cattle slaughterhouses were confirmed by quantitative real-time polymerase chain reaction (Q-PCR) and
characterized by conventional PCR. Their antimicrobial susceptibilities were determined with disc diffusion method. Out
of the 95 (89.6%) enterococci isolates, 33 (34.7%) were identified as E. faecalis and 10 (10.5%) as E. faecium. While
E. faecalis isolates were resistant to Quinupristin-dalfopristin, rifampin, tetracycline and erythromycin at the rates of
90%, 88%, 75% and 63%, respectively; the resistance rates of E. faecium isolates to the relevant antibiotics were de-
termined as 90%, 100%, 80% and 80%, respectively. However, linezolid (90%), vancomycin (270%), and penicillin
(>90%) showed high efficacy against E. faecalis and E. faecium isolates. Additionally, 26 (79%) of the E. faecalis iso-
lates and all (100%) E. faecium isolates exhibited multiple drug resistance (MDR) and their multiple antibiotic re-
sistance (MAR) indexes were greater than 0.2 for 84% and 100% of these isolates, respectively. In conclusion, the
analyzed SWWs can serve as a reservoir for E. feacium and E. faecalis isolates that exhibit high resistance to medical-
ly significant antimicrobials, and they can play a critical role in colonization on the environment and humans. Therefore,
appropriate treatment strategies should be applied to minimize the negative effects of SWWs with rich microbiota on
public health and environment.

Key words: E. faecalis, E. faecium, public health, slaughterhouse wastewater

Girig karsi ylksek toleranslarindan dolayi her yerde bulu-
) nabilen (ubikuter) mikroroganizmalardir (Solaiman ve
Insan ve hayvanlarin barsak mikrobiyotasinda dogal ark., 2022; Kwit ve ark., 2023). Bazi suslari probiyotik
olarak bulunan Enterokoklar farkli gevre kosullarina etkilerinden dolayi, bag@isiklik sistemini destekleyici

faktor olarak (diyet takviyesi veya terapétik uygula-
ma) ve ayrica gida endistrisinde starter kiltiir olarak
Gelis Tarihi/Submission Date : 18.10.2023 da kullanilirlar (Krawczyk ve ark., 2021; Kwit ve ark.,
Kabul Tarihi/Accepted Date - 19.12.2023 2023). Ancak firsatgi mikroorganizmalar olarak ko-
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nakginin bagisikhdinin azalmasi durumunda bakteri-
yemi, endokardit, yara enfeksiyonlari, idrar yolu en-
feksiyonlari gibi patolojik durumlara da yol acgabilir
(Kwit ve ark., 2023). Enterococcus cinsine ait 60'tan
fazla tir bilinmektedir ve E. faecalis ile E. faecium en
yaygin izole edilen tirler olup (Dec ve ark., 2020;
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aseptik olarak steril siseler alinarak gergeklestirilirdi.
Her mezbaha ziyaretinde toplanan 6rnekler etiketle-
nerek soguk zincir altinda ertesi gun laboratuvara
getirilerek analizleri yapildi. Calisma kapsaminda
toplanan MAS o6rneklerinin ziyaret donemleri ve ke-
simhanelere gore dagilimi Tablo 1'de belirtilmistir.

Tablo 1. Calisma suresince alinan MAS 6rneklerinin isletme bazinda dagihmi

Ziyaret Edilen

Ziyaret Dénemlerinde Alinan MAS Ornek Sayisi (n)

Mezbahalar Nisan Mayis Haziran Temmuz Toplam

Mezbaha 1 13 13 13 14 53

Mezbaha 2 13 13 13 14 53
Toplam 26 26 26 28 106

Kwit ve ark., 2023) insanlardaki goklu ilaca direngli
enterokok enfeksiyonlarinin gogunlugundan sorumlu-
dur (Gungor ve ark., 2023). Enterokoklar, penisilin,
ampisilin ve sefalosporin gibi ¢esitli antimikrobiyallere
karsi dogal direncli olmalari ve direng¢ genlerini plaz-
mid ve transpozonlar aracihgi ile diger gram pozitif
bakterilere aktarmalari nedeni ile 6zellikle 1980'ler-
den sonra 6nemli nozokomiyal patojenlerden biri hali-
ne gelmiglerdir (Montealegre ve ark., 2017; Krawczyk
ve ark., 2021). Bu bakteriler, biyotik ve abiyotik yu-
zeylerin kolonizasyonunu kolaylastiran ve tesvik eden
enterokokal yiizey proteini (Esp), jelatinaz ve hemoli-
zin gibi virllens faktorlere sahiptirler (Krawczyk ve
ark., 2021; Gungor ve ark., 2023). Hastane ortamin-
da ve hayvan ciftliklerinde antibiyotiklerin tedavi ve
profilaktik amagh kontrolsiiz kullaniminin, ayrica hay-
van yemlerinde katki maddesi olarak antibiyotiklerin
kullaniminin Enterokoklar arasinda kademeli bir di-
ren¢ olusumuyla sonuglandidi bildirilmistir (Hao ve
ark., 2019; Ni ve ark., 2023). Ubikuter &6zellikte olan
antibiyotik direncli etkenin ¢evreye yayilmasinda en
etkili faktorlerden birisi de mezbaha faaliyetleri veya
mezbahalardan gelen atik suyun islenmesi ve berta-
raf edilmesidir (Foyle ve ark., 2023). Artan nufusun et
ihtiyacini kargilamak amaciyla mezbahalarda artan
kesimler sirasinda yiksek miktarlarda atik su Uretil-
mekte ve cevreye salinmaktadir. Enterokoklar aritil-
mamis veya yetersiz aritilmisg atik sular araciligi ile
bitki 6rtiisiini ya da yuzey sularini kontamine ederek
dogrudan veya dolayli olarak insanlara bulasir ve
halk saghgi icin ciddi bir tehdit olusturur (Adegoke ve
ark., 2022). Bu nedenle, bu calismada, Adana ili si-
nirlart igerisinde faaliyet gosteren iki mezbahadan
farkl zamanlarda toplanan mezbaha atik suyu 6rnek-
lerinde Enterocoocus spp. prevalansi ve elde edilen
izolatlarin antibiyotik direng profilleri degerlendirildi.

Gereg ve Yontem

Bu caligmada, Adana ilinde faaliyette bulunan iki bi-
yukbas hayvan mezbahasi Nisan-Temmuz 2022 ta-
rihleri arasinda iki haftalik periyodik araliklarla ziyaret
edilerek toplam 106 adet mezbaha atik suyu (MAS)
toplandi. Ornekleme, kesimi takiben sanitasyon igle-
minden 6nce ana giderden 50 mL atik su 6rnegi
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Enterococcus spp. izolasyonu

Toplanan o&rnekler 0.45 uL capindaki filtreden
(Corning Incorporated, Almanya) stizilerek kalinti ve
kaba partikilerden temizlendi. Filtre edilen MAS’In 10
mL’si 90 mL Enterococcosel Broth (Becton Dickin-
son, ABD) ile homojenize edildi ve 35°C’'de 24 saat
inkube edilerek 6n zenginlestirme islemine tabi tutul-
du. inkUbasyon suresi sonunda, kultirden 100 pL
alinarak Enterococcosel agara (Becton Dickinson,
USA) yayma plak teknidi ile ekildi ve 35°C’de 24-48
saat inkiibasyona birakildi (Yoon ve ark., 2020). inku-
basyon sonunda lreyen koloniler morfolojik olarak
incelendi. Her bir MAS 6rnegi igin besiyerinde Ureyen
siyah haleli bej renkli Gger adet siipheli koloni kanh
agara (Oxoid CM0271, ingiltere) pasajlanarak saflag-
tinldi. Kanli agarda Greyen koloniler Gram boyama,
katalaz testi ve %6.5 NaCl besiyerinde Ureme ve
eskdlin hidrolizi testleri ile dogrulandiktan sonra mole-
kiler analizlere tabi tutuldu (Alipour ve ark., 2014).

DNA ekstraksiyonu

Enterokok supheli izolatlarin toplam genomik DNA
(gDNA) izolasyonu, uretici firma tarafindan 6nerilen
protokole goére Instagene Genomic DNA Extraction
Kit (Bio-Rad, ABD) kullanilarak gerceklestirildi. Calis-
ma kapsaminda elde edilen gDNA’lar da arastirilan
genlerin belirlenmesinde kullanilan primerler Tablo
2’de verilmistir.
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Tablo 2. Calismada kullanilan primerler

Nurhan ERTAS ONMAZ

Hedef Gen Primer Dizilimi (5’-3’) Baz Referans
Biyiikliigi
(bp)
Enterococcus 23SRNA GAGAAATTCCAAACGAACTTGC 93 EPA (2015)
spp. CAGTGCTTCTACCTCCATCATT
E. faecalis ddlg faecaiis CACCTGAAGAAACAGGC AT- 475 Tatsing Foka ve
GGCTACTTCAATTTCACG Ateba. (2019)

E. faecium ddlg faecium GCAAGGCTTCTTAGAGA 550 Dutka-Malen ve

ATCGTGTAAGCTAACTTC ark. (1995)
Vankomisin vanA GGG AAAACG ACAATT GC 732 Dutka-Malen ve

Direnci GTA CAATGC GGC CGTTA ark. (1995)
vanB ATG GGA AGC CGATAGTC 635 Dutka-Malen ve

GATTTC GTTCCT CGACC ark. (1995)
VanC GGT ATC AAG GAAACC TC 822 Dutka-Malen ve

CTTCCG CCATCATAGCT ark. (1995)

Identifikasyon

MAS’tan elde edilen ve fenotipik testlerle tanimlanan
Enterococcus spp. izolatlarinin dogrulanmasi EPA
1611 ydnteminde (EPA, 2012) belirtilen kantitatif ger-
¢cek zamanli polimeraz zincir reaksiyonu (g-PCR)
kullanilarak yapildi. Pozitif kontrol olarak, Ondokuz
Mayis Universitesi Veteriner Fakiiltesi, Besin Hijyeni
ve Teknolojisi kiiltir kolleksiyonuna ait E. faecalis ve
E. faecium izolatlar kullanildi. Reaksiyon karigimi,
total hacim 25 pL olacak sekilde 10 yL Green Super-
Mix Low ROX (Quanta Biosciences, Inc., Gaithers-
burg, MD, ABD), her bir primerden 0.5uL (10 pmol),
5uL DNA ve 9uL steril distile sudan olustu. PCR ko-
sullari, Gercek Zamanh PCR Tespit Sistemi (BioRad,
CA, ABD) kullanilarak 95°C'de 10 dakika boyunca
baslangi¢ aktivasyon adimini takiben, 95°C'de 15sn,
60°C’'de 1 dk ve 72°C’de 1 dk’lik 40 donguiyu igeriyor-
du. Spesifik amplifikasyonu yorumlamak igin surekli
floresans Olgimleri altinda tim numuneler igin son bir
erime egrisi analizi de yapildi. Elde edilen izolatlarda
E. faecalis ve E. faecium tirleri DreamTaq Thermo
Scientific PCR master miks karisimi kullanilarak kon-
vansiyonel PCR ile karakterize edildi. Ozetle, toplam
hacim 25 pL olacak sekilde, 12.5 pL 2x Dream Taq
Green PCR Master Mix (Thermo, ABD), 6 pL nikleaz
icermeyen su, her primerden (25 pmol) 1 pL (Tablo 2)
ve 2 yL DNA olacak sekilde PCR reaksiyon karigim-
lari hazirlandi. PCR Reaksiyonu, 94°C’de 3 dk’lik
baslangi¢ denatlirasyonu, 94°C'de 1 dk, 54°C’de 1 dk
ve 72°C’de 1 dk'lik 30 donguyl takiben 72°C'de 7
dk’hk son uzama asamalarinda gercgeklestirildi.

izolatlarda vankomisin direng genlerinin arastiril-
masi

Calismada elde edilen izolatlarda vankomisin diren¢
genleri ile ilgili olarak vanA, vanB, vanC1 ve vanC2
genlerinin varligi Dutka-Malen ve ark. (1995)’'nin kul-
landigi metoda gore PCR ile analiz edildi. Bu amagla
PCR reaksiyon karigimi izolatlarin identifikasyonunda
oldugu gibi 2xDream Taq Green PCR Master Mix
(Thermo, ABD) kullanilarak hazirlandi. PCR reaksiyo-
nu, 94°C'de 2 dakika boyunca baslangi¢c denatiras-

yon basamagi, ardindan 30 déngu 94°C'de 2dk, 54°
C'de 1 dk, 72°C'de 1 dk ve 72°C'de 10 dk son uzat-
ma asamasindan olustu.

Calisma kapsaminda PCR reaksiyonu sonucu elde
edilen drlnleri %1.5’luk agaroz jel lizerinde yUritalda
ve jel goruntileme cihazinda (Biorad, Gel Doc XR,
ABD) belirlenerek degerlendirildi.

izole edilen enterokoklarin antibiyotik duyarlilikla-
rinin belirlenmesi

Calismada elde edilen enterokok izolatlarinin antibi-
yotik duyarhliklar klasik antibiyotik diskleri kullanila-
rak (Oxoid, ingiltere) disk difiizyon metodu ile belir-
lendi. Bu amagla, vankomisin (30 ug), siprofloksasin
(5 pg), linezolid (30 pg), tetrasiklin (30 ug), eritromisin
(15 pg), kloramfenikol (30ug), rifampin (5 pg), quinup-
ristin-dalfopristin (15 pg) ve penisilin (10 IU) antibiyo-
tik diskleri test edildi. Antibiyotik duyarlilik testlerine
gore belirlenen zon c¢aplari CLSI'e gére degerlendiril-
di (CLSI, 2023).

Coklu antibiyotik direnci (CAD) indeksinin belir-
lenmesi

CAD indeksi, test izolatlarin her birinin direngli oldugu
antibiyotik sayisinin ¢galismada kullanlan toplam anti-
biyotik sayisina orani olarak hesaplandi (Mir ve ark.,
2022).

Bulgular

Calisma kapsaminda ziyaret edilen mezbahalardan
temin edilen 106 MAS 6rneginin 95'i (%89.6) yapilan
konvansiyonel ve gPCR analizleri sonucunda Entero-
coccus spp. pozitif olarak belirlendi. Yapilan gPCR
analizinde Enterococus spp. pozitif izolatlarin DNA'la-
ri kullanilan primerler ile 14.47-28.95'a kadar Cq de-
gerleri ile basarli bir sekilde amplifiye edildi (Resim
1A). PCR UrlUnini analiz edilen izolatlarin genomik
DNA'larinin erime sicakligi 79.5-80.5°C araliginda
belirlendi (Resim 1B).
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Amplification

Temperature, Celsius

Cycles

Sekil 1. SYBR Green gPCR tahlili ile tespit edilen amplifikasyon (A) ve erime egrileri (B).

Sekil 2. Calisma kapsaminda analiz edilen drneklerden ele edilen izolatlarinin PCR gorintiisi. M: Marker (50
bp), PK1: Pozitif kontrol (Enterococcus faecium: 550 bp), PK2: Pozitif kontrol (Enterococcus faecalis: 475 bp), 1-
9: E. faecium pozitif izolatlar, 10-19: E. faecalis pozitif izolatlar.

Elde edilen izolatlarin 33’0 (%34.7) E. faecalis, 10'u
(%10.5) ise E. faecium (Resim 2) olarak identifiye
edilirken kalan 52 (%54.7) izolat tir dizeyinde tanim-
lanamadi. izole edilen enterokok tiirlerinin ziyaret
edilen mezbahalara gére dagilimi Tablo 3’te belirtildi.

75 ve E. faecium igin %80) ve eritromisine (E. faeca-
lis igin %63 ve E. faecium igin %80) ylksek oranda
diren¢ gosterdigi tespit edildi. Siprofloksasine direng
ise E. faecium’da yliksek iken (%70), E. faecalis'de
nispeten daha dustkti (%27). Calismada elde edilen

Tablo 3. Enterokok izolatlarinin ziyaret edilen mezbahalara gore dagilimi

Ziyaret edilen mezbaha

Izole edilen Enterococcus spp.

E. faecalis (%) E. faecium (%)

sayisi (%)
Mezbaha 1 (n=53) 49 (92.4) 18 (36) 7 (14)
Mezbaha 2 (n=53) 46 (86.7) 15 (32) 3(6)
Toplam (n=106) 95 (89.6) 33(34.7) 10 (10.5)

E. faecalis izolatlarinin 31'i (%94), E. faecium izolat-
larinin tamami (%100) test edilen antibiyotiklerden en
az birine direng gdsterdi (Tablo 4). E. faecalis izolat-
larinin 26’sinin (%79), E. faecium izolatlarinin tama-
minin (%100) calismada test edilen antibiyotiklerden
U¢c ya da daha fazlasina karsi direng sergileyerek
coklu antibiyotik (CAD) direnci gosterdigi belirlendi.
izolatlarin Quinupristin-dalfopristine (E. faecalis ve E.
faecium i¢in %90), rifampine (E. faecalis icin %88 ve
E. faecium icin %100), tetrasikline (E. faecalis i¢in %
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E. faecalis E. faecium izolatlarinin vankomisine feno-
tipik olarak sirasiyla %3 ve %20 oranlarinda direngli
olduklari belirlendi (Tablo 4), fakat bu izolatlarda van-
komisin direnci ile ilgili vanA, vanB ya da VanC gen-
lerinden higbiri tespit edilemedi. Ayrica, E. faecalis ve
E. faecium izolatlarinin CAD indeksi sirasiyla 0.2-0.6
ve 0.3-0.6 araliginda oldugu belirlendi (Tablo 5).
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Tablo 5. Enterekok izolatlarinin antibiyotik direng profilleri ve CAD indeksleri

izolat Kodu I1zole edilen Enterokok Tiirii Antibiyotik Direng Profili® CAD Indeksi=alb
1 E. faecalis QD, RA 0.22
2 E. faecalis CIP, E, TE, RA, CHL 0.55
3 E. faecalis E, TE, QD, CHL, P 0.55
4 E. faecalis TE, QD, RA 0.33
5 E. faecalis TE, QD, RA 0.33
6 E. faecalis E, TE, QD, RA 0.44
7 E. faecalis CIP, E, TE, QD, RA 0.55
8 E. faecalis TE, QD, RA 0.33
9 E. faecalis E, TE, QD, RA, CHL 0.55
10 E. faecalis E, TE, QD, RA, CHL 0.55
1 E. faecium CIP, E, TE, QD, RA, CHL 0.66
12 E. faecium E, QD, RA 0.33
13 E. faecalis E, TE, QD, RA, CHL 0.55
14 E. faecalis CIP, E, TE, QD, RA, CHL 0.66
15 E. faecalis E, TE, QD, RA, CHL 0.55
16 E. faecalis CIP, E, TE, QD, RA, CHL 0.66
17 E. faecalis QD, RA 0.22
18 E. faecium CIP, E, TE, QD, RA 0.55
19 E. faecium E, CIP, RA, VA 0.44
20 E. faecalis TE, QD, RA 0.33
21 E. faecalis TE, CIP, QD, RA, VA 0.55
22 E. faecalis QD, RA 0.22
23 E. faecalis CIP, E, TE, QD, RA, CHL 0.66
24 E. faecium CIP, E, TE, QD, RA, CHL 0.66
25 E. faecium CIP, E, TE, QD, RA, CHL 0.66
26 E. faecium CIP, E, TE, QD, RA 0.55
27 E. faecalis CIP, E, TE, QD, RA, CHL 0.66
28 E. faecalis E, TE, QD, CHL 0.44
29 E. faecalis E, TE, QD, RA, CHL 0.55
30 E. faecalis E, TE, QD, RA, CHL 0.55
31 E. faecalis E, TE, QD, RA 0.44
32 E. faecalis QD, RA 0.22
33 E. faecalis E, TE, QD, RA 0.44
34 E. faecalis CIP, E, QD, RA, CHL 0.55
35 E. faecium TE, QD, RA 0.33
36 E. faecalis E, QD, RA, CHL 0.44
37 E. faecalis CIP, E, TE, QD, RA, P 0.66
38 E. faecalis QD, RA 0.22
39 E. faecalis E, TE, QD, RA, CHL 0.55
40 E. faecium TE, QD, RA, CHL, VA 0.55
41 E. faecium CIP, E, TE, QD, RA, CHL 0.66

a: bir izolatin direncli oldugu antibiyotik sayisi, b: test edilen toplam antibiyotik sayisi, CIP: Siprofloksasin, E:
Eritromisin, TE: Tetrasiklin, QD: Quinupristin-Dalfopristine, RA: Rifampin, P: Penisilin, VA: Vankomisin, CHL:

Kloramfenikol

Tartisma ve Sonug

Mezbaha atik sulari, hayvancilikla iligkili ve Kklinik
onemi olan c¢oklu ilaca direngli bakteriler icin énemli
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bir rezervuardir ve gevreye salinimlariyla birlikte bir-
¢ok patojen bakterinin kolonizasyonu (6rn. E. coli, K.
pneumoniae, Enterobacter spp. gibi genislemis
spektrumlu beta-laktamaz (GSBL) Ureten Enterobac-
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teriaceae, Listeria spp., metisiline direngli Staphylo-
coccus aureus ve vankomisine direngli Enterokoklar)
insan ve ciftlik hayvanlari igin risk olusturabilir (Sib ve
ark., 2020). islenmis hayvan sayisinin fazla olmasi
nedeniyle, mezbahalardaki farkli iretim asamalarin-
dan gelen sular, ESKAPE (E. faecium, S.aureus,
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, Enterobacter spp.) bakte-
risinin kaynaklarini temsil etmektedir. Bu patojenler-
den E. faecium, mezbaha ortaminda ve mezbaha atik
sularinda bulunabilir (Giingér ve ark., 2023) ve aritil-
mamig veya yetersiz aritilmig atik sularla kirlenen
sulama sular araciligi ile 6nemli halk saghgi sorunla-
rina neden olabilir (Igbinosa ve Raje, 2019; Hembach
ve ark., 2022).

Bu galisma kapsaminda analiz edilen MAS 6rnekleri-
nin %89.6 'sinin Enterococcus spp. ile kontamine
oldugu belirlendi. Elde edilen izolatlarin % 34.7’si E.
faecalis, %10.5'i ise E. faecium olarak identifiye edil-
di. Turler arasindaki oransal fark, E. faecalis’in diger
Enterokok tlrlerine oranla olumsuz ¢evre kosullarini
(safra tuzlari, dezenfektanlar, pH degisiklikleri ve
yuksek 1s1 gibi) tolere etme yetenekleri daha fazla
olmasi ile agiklanabilir (Hancock ve Gilmore 2000).
Benzer sekilde daha 6nce yapilan galismalar MAS
orneklerinde E. faecalis izolasyon oraninin E. fa-
ecium’a gore daha fazla oldugunu gostermektedir
(Gingor ve ark., 2023; Igbinosa ve ark., 2021;
Olawale ve ark., 2020; Savin ve ark., 2021). Calisma
kapsaminda ziyaret edilen igletmelerin kesim proses-
lerinde kullanilan sistemlerin yari otomatik oldugu,
abdomen organlarinin manuel olarak gérevli personel
tarafindan cikarildigi, 6zofagus ve rektum halkasi
kullanmadiklari, bu nedenler ile rumen ve barsak
iceriginin zaman zaman dogrudan mezbaha atik su-
yuna karistigi gbézlemlendi. Bu durum calismanin
gercgeklestirildigi mezbahalarda, kesim prosesi siire-
since Enteroccoccus spp. haricinde bir ¢ok patojen
bakterinin atik suya gegme suretiyle topraga, bitkiye,
insan ve hayvanlara kolonize olma potansiyelini orta-
ya koymaktadir. Genel olarak, ¢calismada elde edilen
E. faecium izolatlarinin E. faecalis izolatlari ile kiyas-
landiginda test edilen antibiyotiklere daha fazla di-
renc gosteridigi belirlendi. E. faecium izolatlarinin
tamami ve E. faecalis izolatlarinin ise %79’'u CAD idi.
Benzer sekilde, daha 6nce yapilan galismalarda atik
sularda yliksek oranlarda CAD Enterokoklar rapor
edilmistir (Gotkowska-Ptachta, 2021; Jannati ve ark.,
2023).

Ayrica, mevcut calismada E. faecium izolatlarinin
tamami (%100) ve E. faecalis izolatlarinin 26’si (%
84) 0.2'den yiiksek bir CAD indeksi (0.3-0.6 araligin-
da) gosterirken, 5 (%16) E. faecalis izolatinin CAD
indeksi ise 0.2 olarak belirlendi. Antibiyotiklerin siklik-
la kullanildigi bir kaynaktan gelen mikroorganizmalar-
da CAD indeksinin 0.2'den buyuk, antibiyotikler sey-
rek kullanildigi ya da hi¢ kullaniimadigi kaynaklarda
ise bu indeksin 0.2'ye esit veya daha kuglk oldugu
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bildirilmigtir (Mir ve ark., 2022). Bu yuzden, galisma-
miz MAS’tan elde edilen izolatlarin ¢ogunlugunun
antibiyotiklerin sikhkla kullanildidi kaynaklardan elde
edildigini ve dolayisiyla gida glvenligi, ¢cevre ve halk
saglig icin ciddi bir tehdit olusturabilecegini gdster-
mektedir.

Bu calismada analiz edilen izolatlar en yiiksek oran-
da Quinupristin-dalfopristin (%90) ve rifampine (E.
faecalis icin %88 ve E. faecium igin %100) kars! di-
reng sergiledi. Daha 6nce yapilan ¢alismalarda cesitli
kaynaklardan izole edilen E. faecium ve E. feacalis
izolatlar arasinda Quinupristin-dalfopristin direnci %
10-%52 (Carey ve ark., 2016; Xuan ve ark., 2021;
Solaiman ve ark., 2022), rifampin direnci %60-%100
(Adeniji ve ark., 2021; Solaiman ve ark., 2022; Jan-
nati ve ark., 2023) arasinda rapor edilmistir. Quinup-
ristin-dalfopristin bir streptogramin kombinasyonudur
ve insanlarda vankomisine direngli E. faecium enfek-
siyonlari icin dnemli bir tedavi se¢enegi olarak kulla-
nilmaktadir. Streptogramin igeren preparatlar, hayvan
yemlerinde uzun yillardan beri bir biyime destekleyi-
cisi olarak yaygin kullaniimaktadir (Xuan ve ark.,
2021); bu durum, ¢alisma kapsaminda mezbaha atik
sularindan elde edilen izolatlarda Quinupristin-
dalfopristin direncinin yliksek olmasinin nedeni olabi-
lir. Rifampisin, enterokoklarin neden oldugu enfeksi-
yonlari tedavi etmek icin rutin olarak kullanilmasa da
turlerin genellikle bu antimikrobiyale kargi kazaniimis
direng gosterdigi bildiriimistir (Paschoalini ve ark.,
2023).

Mevcut galismada, eritromisin ve tetrasikline karsi
enterokok tirlerinde belirlenen direng profilinin (%63-
%80) daha Once yapilan galisma sonuglari uyumlu
oldugu go6zlendi (Zaheer ve ark., 2020; Xuan ve ark.,
2021; Mwikuma ve ark., 2023). Fakat, Kim ve ark.
(2021) elde ettikleri enterokok izolatlarinda eritromisin
direnci bu galisma sonuglarindan farkh olarak olduk-
¢a disuktl. Bu galismada elde edilen izolatlarda erit-
romisin ve tetrasiklin antibiyotiklerine ylksek oranda
diren¢ sergilemesi, muhtemelen bu antibiyotiklerin
calismanin gerceklestirildigi bélgede veteriner hekim-
ligi alaninda tedavi ve profilaktif amagh yaygin ve
kontrolstiz kullanimi ya da yem katki maddesi olarak
bilingsiz uygulamalarin bir yansimasi olabilir. Onceki
calismalar penicillin ve ampisiline (Gagetti ve ark.,
2019; Paschoalini ve ark., 2023) ¢odunlukla E. fa-
ecium’un, E. faecalisten daha direngli oldugunu rapor
etmislerdir. Ancak bizim calismamizda E. faecalis
izolatlarinin penisiline %6 oraninda direng¢ sergilerken
E. faecium izolatlarinin tamami duyarh olarak belir-
lendi. Turlere bagh olarak Enterokoklarin, beta-
laktam antibiyotiklere zayif baglanan digsik afiniteli
penisilin baglayici proteinleri (PBP'ler) eksprese ede-
rek penisilinlere karsl i¢csel direng veya azalmis dogal
duyarhihk sergiledikleri bildirilmistir (Paschoalini ve
ark., 2023).

Daha 6nce diinyanin birgok yerinde gerceklestirilen
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diger genis Olgekli arastirmalarin sonuglarina benzer
sekilde, bu calismada E. faecalis ve E. faecium izo-
latlarinin linezolid ve vankomisine karsi duyarli oldu-
dgu belirlendi (Maleki ve ark., 2021; Xuan ve ark.,
2021; Jannati ve ark., 2023; Paschoalini ve ark.,
2023). Enterokok enfeksiyonlarinin tedavisinde etkili
antibiyotikler olarak 6nemini koruyan linezolid ve van-
komisine karsi direng gida ve hayvan kokenli entero-
koklarda nadir olarak rapor edildigi bildirilmistir (Xuan
ve ark., 2021).

Sonug olarak, bu galisma bulgulari Adana ilindeki
blylkbas hayvan mezbahalarina ait atik sularinda E.
faecium ve E. faecalis’'in prevalansi ve bu izolatlarin
antimikrobiyal direncine genel bir bakis sagladi. Ca-
lismanin gercgeklestirildigi mezbaha atik sularinin E.
feacium ve E. fecalis ile kontamine oldugdu ve izolatla-
rin linezolid ve vankomisin disinda tibbi agidan
onemli antimikrobiyallere kargi yuksek c¢oklu diren¢
sergiledigi gézlemlendi. Bulgularimiz, mezbaha atik
sularinin antibiyotige direngli enterokoklar igin bir
rezervuar gorevi gorebilecegini ve bu organizmalarin
cevre-tarim ve dolayisi ile insanlara kolonizasyonun-
da etkili olabilecegini gostermektedir. Enterokoklar
aritilmamis veya yetersiz aritiimis atik sularin tarim-
sal sulama suyuna ya da icme sularina karismasi ile
kolayca gida zincirine yayilabilir ve gida guvenligi
sorunlarina neden olabilir. Ayrica, kontamine icme
suyunun ya da gidalarin tiiketiimesinin ardindan po-
tansiyel olarak insan ve hayvan sagligi acgisindan
uzun vadeli bir tehdit olusturabilir. Bu nedenle, zengin
mikrobiyotaya sahip MAS’larin halk saghg! ve cevre
Uzerine olumsuz etkilerin en aza indirilmesi igin etkin
aritma stratejileri uygulanmalanmasinin  gerektigi
sonucuna varildi. Mezbahalarda kesim sistemlerini
tam otomatik hale getirecek ekipman yatirrmi yapil-
masi, personelin rumen igeriginin ve diskinin digari
ile temasini kesecek halka kullanimina tesvik edilme-
si ve gerekli egitimleri almasi Enterokok ve diger zoo-
notik patojenlerin kontaminasyon riskini azaltacaktir.
Sigir mezbahalari atik sularinin antibiyotik direngli
patojen enterokoklarin gevre yayillimindaki olasi rolu
hakkinda bilgimiz dahilinde veri eksikligi bulunmakta-
dir. Dolayisiyla mezbaha atik sularindaki CAD ente-
rokok turlerinin temsil ettigi halk saghg tehdidinin
blyUkligunin degerlendiriimesi, besi hayvanlarinda
antibakteriyel ila¢c kullanim sikhginin arastiriimasinin
yanisira atik su izolatlar ile gida ve klinik izolatlar
arasindaki iliskiyi belirlemek icin ileri molekuler calis-
malar yapilmasi gerekmektedir.
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Abstract: The aim of this study was to evaluate the changes induced in testicular tissue by administration of dandelion
(Taraxacum officinale) extract and its effects on the release of enzymatic antioxidants SOD-2 by immunohistochemical
methods in rats with experimental diabetes. Degenerative changes in the seminiferous tubule structure were observed
in the testicular sections of the diabetes group. Separations between the basement membrane and the seminiferous
epithelium, disruptions in the structure and localization of spermatogenic cells toward the lumen of the seminiferous
tubules, thickening of the basement membrane and tunica albuginea, changes in the shape of Sertoli cells, and shrink-
age of the nucleus of Leydig cells were observed. While no immunopositivity was observed in spermatogonium and
primary spermatocytes in the diabetes group, weak SOD-2 immunoreactivity was observed in other cells of the sper-
matogenic series and moderate SOD-2 immunoreactivity was observed in the diabetes+dandelion group. In conclu-
sion, it was found that histopathological changes occurred in the testicular tissue and SOD-2 immunoreactivity de-
creased in diabetes, a chronic metabolic disease. It was concluded that dandelion administration may have beneficial
effects on decreased SOD-2 immunoreactivity.

Keywords: Dandelion, diabetes, SOD-2, testicular

Karahindiba (Taraxacum officinale) Ekstrakti Uygulanan Diyabetik Ratlarin Testis Dokusunda Histolojik ve
immunohistokimyasal incelemeler

Oz: Bu calisma deneysel diyabet olusturulan ratlarda Karahindiba ( Taraxacum officinale) ekstrakti uygulamasinin testis
dokusunda meydana getirdigi deg@isimleri ve enzimatik antioksidanlardan SOD-2 salinimi tizerindeki etkilerini immuno-
histokimyasal yontemlerle ile degerlendirmek amaci ile yapildi. Diyabet grubu testis kesitlerinde seminifer tbul
yapisinda yer yer dejeneratif degisiklikler izlendi. Bazal membran ile tiibll epiteli arasinda ayrigsmalar, tiibil Iimenine
dogru spermatogenik hicrelerin yapisinda ve yerlesiminde bozulmalar, bazal membran ve tunika albugineada
kalinlagmalar, sertoli hiicrelerinde sekil degisikligi ve leyding hiicre gekirdeginde kiigllmeler oldugu belirlendi. Diyabet
grubunda spermatogonyumlar ve primer spermatositlerde immun pozitiflik gdézlenmezken, spermatogenik seriye ait
diger hucrelerde zayif, diyabet+karahindiba gurubunda orta derecede SOD-2 immunoreaktivitesi goézlendi. Sonug
olarak kronik metabolik bir hastalik olan diyabet hastalijinda testis dokusunda histopatolojik degisimlerin meydana
geldigi ve SOD-2 immunoreaktivitesinin azaldigi belirlendi. Karahindiba uygulamasinin azalmig olan SOD-2 immuno-
reaktivitesi Uzerinde olumlu etkileri olabilecegi kanisina varildi.

Anahtar kelimeler: Diyabet, karahindiba, SOD-2, testis

These cells are responsible for testosterone produc-
tion and also support spermatogenesis. Leyding cells
are round shaped cells with pale cytoplasm and eu-
chromatic nuclei (Dongmei, 2011). Diabetes mellitus

Introduction

The testis are a pair of exocrine organs with an aver-
age weight of 12-15 g, secreting holocrine type se-

cretion. It is generally reported that the right testicle is
larger and heavier than the left testicle (Krause,
2005). There are approximately 20-1000 seminifer-
ous tubules in each testicle. There are two types of
cells in the structure of seminiferous tubules. These
are spermatogenic (germ) cells and Sertoli
(supporting) cells. Another type of cell found in the
intestinal space (intestinal connective tissue) be-
tween the seminiferous tubules are Leydig cells.
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(DM), defined as a chronic disease, occurs when the
pancreas is unable to produce insulin or the insulin
produced cannot be used effectively. According to
the 2019 data of the International Diabetes Federa-
tion (IDF), the number of adults with DM worldwide is
reported to be 463 million. It is estimated that this
number may increase and reach up to 700 million in
the 2045s. Population growth, aging, change in life-
style brought about by urbanization, increase in obe-
sity and decrease in physical activity are among the
main causes of diabetes (International Diabetes Fed-
eration, Diabetes atlas, 2019). Although it was
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thought that diabetes did not have a significant effect
on the male reproductive system, this view has
changed as a result of studies. It has been reported
that testosterone level, sperm count and motility, and
testicular weight are decreased in men with DM, his-
tological changes in testicular tissue cells occur and
there are findings of abnormal spermatogenesis
(Yigitturk et al., 2017; Ersoy and Kizilay, 2018;
Oroojan et al., 2021). In addition, it has been reported
that apoptosis increases in diabetic testicular tissues
and therefore impaired spermatogenesis occurs
(Ersoy and Kizilay, 2018; Oroojan et al., 2021). While
it has been suggested that the subfertility rate in dia-
betic men is 51% (La Vignera et al., 2009), it was
reported that the infertility rate was 35% in a study
conducted on 857 male individuals with type 2 diabe-
tes (Bener et al., 2009).

The dandelion plant belongs to the genus Taraxacum
and is a member of the Asteraceae family. In addition
to being used by Arab doctors for liver and spleen
disorders (Sari et al., 2020), dandelion has also been
used in Chinese medicine in the treatment of diseas-
es such as upper respiratory tract infections, hepati-
tis, bronchitis and pneumonia by mixing with other
herbs (Martinez et al., 2015). Molecules that prevent
oxidation of other molecules in the tissue are called
antioxidants (Sies, 1997). Antioxidants are divided
into two as enzymatic and non-enzymatic (Sharma et
al., 2012). Superoxide dismutase (SOD) is included
in enzymatic antioxidants. SOD is an important en-
zyme for the antioxidant defense system and catalyz-
es the dismutation of superoxide radical and converts
two superoxide anions into molecular oxygen and
H,O, (Fridovich, 1975). The aim of this study was to
investigate the changes induced by dandelion
(Taraxacum Officinale) administration in the testicular
tissue of rats with experimental diabetes mellitus and
its effects on the release of antioxidant enzymes
SOD-2 by immunohistochemical methods.

Material and Methods
Material

Approval for the study was obtained from Kafkas
University Animal Experiments Local Ethics Commit-
tee (Decision No: KAU HADYEK/2023-136). In the
study, 28 3-month-old male Spraque Dawley rats
were used. The rats were housed in standard cages
at an ambient temperature of 22+2°C, 12 hours of
light and 12 hours of darkness and fed ad-libitum.

Methods

In the study, 4 groups were formed from randomly
selected rats with 7 rats in each group. Control
Group: No application was made. Dandelion Group:
Rats in this group were administered 2.4 g/kg dande-
lion extract by oral gavages for 14 days. Diabetes
Group: Streptozotocin (STZ) (dissolved in 50 ml citric
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acid + 40 ml disodium hydrogen phosphate buffer
solution and pH: 4.5) was administered 50 mg/kg i.p.
as a single dose. Diabetes+Dandelion Group: Strep-
tozotocin (STZ) (dissolved in 50 ml citric acid + 40 ml
disodium hydrogen phosphate buffer solution and pH:
4.5) 50 mg/kg i.p. and after diabetes was induced,
2.4 g/kg dandelion extract was administered by oral
gavages for 14 days. Blood samples were taken from
the tail vein of rats fasted for 8 hours before the start
of the study to determine fasting blood glucose levels
using a glucometer (Yasee, GLM-76, Taiwan). Blood
glucose levels of rats fasted for 8 hours 72 hours
after STZ administration were measured and those
with glucose levels of 200 mg/dL were included in the
study. At the end of the study, testicular tissues were
removed and fixed in 10% formol solution for histo-
logical and immunohistochemical examinations. They
were then subjected to routine histological tissue
follow-up procedures and blocked in paraffin. Hema-
toxylin-eosin and PAS stains were applied to 5 pm
sections taken from parfin blocks to examine the gen-
eral structure of the testicular tissue.

Immunohistochemical investigations

After routine deparaffinization and rehydration, the
sections were rinsed in PBS (0.1 M, pH: 7.2) and
incubated in 3% H,O, prepared in 0.1 M PBS for 15
min. They were then boiled in citrate buffer solution
(pH: 6.0)for 10 min in a microwave oven at 800 watts.
Incubated with Large Volume Ultra V Block solution
(Large Volime Anti-polyvalent, HRP (RTU)- Thermo
Scientific) for 10 min. SOD-2 (SANTA CRUZ BIO-
TECHNOLOGY, INC. SOD-2 (B-1): sc-133254) pri-
mary antibody (1/500 dilution) was added to the sec-
tions and kept for 1 hour at room temperature in a
humid environment. The sections were washed with
PBS and incubated with Biotinylated Goat Anti B Pol-
yvalent and Streptavidin Peroxidase solutions (Large
Volime Anti-polyvalent, HRP (RTU)- Thermo Scien-
tific) for 15 min each. DAB-H,0O, (Diaminobenzidine
hydrogen peroxide) (Large Volime DAB Substrate
System (RTU)- Thermo Scientific) Substrate Solution
was added for chromogen application and modified
Gill Il hematoxylin solution was used for counter-
staining. The preparations were examined under a
research microscope and photographed. Immuno-
histochemical evaluation was performed by looking at
the staining characteristics of the target cells and the
staining intensity of the stained target cells. Evalua-
tion was performed by two independent observers by
assigning values from 0 to 3 according to the charac-
teristics of no staining (0), weak staining (1), moder-
ate staining (2), strong staining (3). SOD-2 immuno-
reactivity positive cells were counted and seminifer-
ous tubule measurements were made using image-j
software program. Cell counting was performed by
randomly selecting 5 slides from each group, from 4
areas on each slide, i.e. 20 areas in total, and com-
pared between the groups. Seminiferous tubule di-
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ameter measurements were made from a total of 24
tubules by randomly selecting 5 slides from each
group and compared between the groups.

Statistical investigations

SPSS Statistic 22 package program was used for
statistical analyzes. One-way analysis of variance
was used to compare seminiferous tubule diameter
measurements between groups and Kruskall Wallis H
test was used to compare the number of cells posi-
tive for SOD-2 immunoreactivity between groups. In
order to determine the source of the difference as a
result of Kruskall Wallis H test, correction was made
on the p value and comparison was made between
paired groups.

Results
Statistical results

Table 1 shows the comparison results of seminifer-
ous tubule diameter measurements between the
groups. According to the results of the analysis, there
was no significant difference between the groups in
tubule diameter measurements (F=1.592,
P>0.05).Table 2 shows the results of the Kruskall
Wallis H test performed to compare the number of
cells positive for SOD-2 immunoreactivity between
the groups. As a result of the analysis, it was deter-
mined that there was a statistically significant differ-
ence in the comparison of immunopositive cell num-
bers between the groups (x?=16.279, P<0.01). To
determine the source of the difference, P values were
corrected and comparisons were made between
paired groups. As a result, cell counts in the diabetes
group were significantly lower than in the control and
dandelion groups.

Siikran YEDIEL ARAS

Histopathologic results

When the sections belonging to the control and dan-
delion groups were examined, seminiferous tubules,
cells belonging to the spermatogenic series
(spermatogonium, primary spermatocyte, secondary
spermatocyte, spermatid and spermium), Sertoli cells
and Leydig cells were observed in normal structure
when the rat testicular tissues of the control group
were examined (Figure 1).

In the testicular sections of the diabetes group, de-
generative changes were observed in the seminifer-
ous tubule structure. It was determined that there
were separations between the basement membrane
and tubule epithelium, disruptions in the structure and
localization of spermatogenic cells towards the tubule
lumen, thickening of the basement membrane and
tunica albuginea, changes in the shape of Sertoli
cells and shrinkage in the nucleus of leyding cells
(Figure 1, Figure 2). It was noteworthy that the histo-
logic structure in the diabetes+dandelion group was
similar to the control group. The thickness of the
basement membrane and tunica albuginea was close
to the control group. The structure and localization of
spermatogenic cells towards the tubule lumen were
found to be at a low level (Figure 2).

Table 1. Comparison of seminiferous tubule diameter measurements between groups

Groups n Mean SS F P
Control 24 668.219 90.85

Dandelion 24 669.531 167.60

Diabetes 24 607.405 95.42 1.592 0.197
Diabetes+dandelion 24 661.687 88.80

There was no significant difference between the groups in tubule diameter measurements (P>0.05).

Table 2. Comparison of the number of SOD-2 immunoreactivity positive cells between groups.

Groups n Rank Mean SS X2 P pairwise
Mean comparision

Control (a) 20 16.30 182.800 20.58

Dandelion (b) 20 14.70 181.400 26.55

Diabetes (c) 20 300  85.200 9.15 16279 0.001 c<ab

Diabetes+dandelion (d) 20 8.00 124.200 9.28

There is a statistically significant difference in the number of SOD-2 immunoreactivity positive cells between the

groups (P<0.01).
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Figure 1. Rat testicular tissue. Control group (a, b),
Dandelion group (c, d), Diabetes group (g, h), Diabe-
tes+dandelion group (e, f). Seminiferous tubule (st),
seminiferous tubule diameter (2), tunica albuginea
(asterisk), tunica albuginea thickening (1), basement
membrane thickening (black arrow), leyding cell
(yellow arrow head), sertoli cell (white arrow head), H
-E staining. Bar (a,c,e,g): 100 uym. Bar (b,d,f,h): 50
pm.
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Figure 2. Rat testicular tissue. Control group (a,
b), Dandelion group (c, d), Diabetes group (g, h),
Diabetes+dandelion group (e, f). Seminiferous tu-
bule (st), impaired structure and localization of sper-
matogenic cells in the diabetes group (1), near con-
trol appearance in the structure and localization of
spermatogenic cells in the diabetes+dandelion group
(2). PAS staining. Bar (a,c,e,g): 100 uym. Bar
(b,d,f,h): 50 pm.

SOD-2 Immunoreactivity results

SOD-2 immunoreactivity was determined in seminif-
erous tubules and interstitial area in control and dan-
delion groups. Strong SOD-2 immunoreactivity was
detected in all cells of the spermatogenic series from
the basal lamina of the seminiferous tubules and
moderate granular cytoplasmic SOD-2 immunoreac-
tivity was detected in the interstitial area. While no
immune positivity was observed in spermatogonia
and primary spermatocytes in the diabetes group,
weak SOD-2 immunoreactivity was detected in other
cells of the spermatogenic series. While no immune
positivity was observed in spermatogonia and prima-
ry spermatocytes in the diabetes+dandelion group,
similar to the diabetes group, moderate SOD-2 immu-
noreactivity was observed in other cells of the sper-
matogenic series. It was noteworthy that there was
no immunoreactivity in the interstitial area in diabetes
and diabetes+dandelion groups (Figure 3).
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Figure 3. SOD-2 immunoreactivity in rat testicular
tissue. Control group (a, b), Dandelion group (c, d),
Diabetes group (e, f), Diabetes+dandelion group (g,
h). Seminiferous tubule (st), interstitial space (1),
leyding cell (black arrowhead), sertoli cell (white ar-
rowhead), spermatogonium (black arrow), primary
spermatocyte (yellow arrow), secondary spermato-
cyte (red arrow), spermatid (2), spermatozooon (3).
Bar (a,c,e,g): 100 ym. Bar (b,d,f,h): 50 ym.

Discussion and Conclusion

It is suggested that diabetes is effective on male in-
fertility due to its effects on molecular mechanisms.
Since the drug treatments of diabetes and diabetes-
related complications constitute a heavy burden for
national economies, interest in the use of natural
products with high antioxidant content that stabilize
blood glucose in the treatment of diabetes has gradu-
ally increased (Lee et al., 2016). It is suggested that
lipid peroxidation and free radical formation increase
with blood glucose levels in diabetes, insufficiency
occurs in the antioxidant defense system, and many
complications may occur due to increased oxidative
stress (Guneli et al., 2008; Sebai et al., 2015). In
studies, it has been reported that due to the increase
in oxidative stress, disorganization in spermatogenic
series cells, cellular vacuolization, cells shedding into
the seminiferous tubule lumen before completing
their development, multinucleated giant cells in some
seminiferous tubules and thickening of the basement
membranes of tubules occur in diabetic testicular
tissues (Ozturk et al., 2002; Sadik et al., 2011; Don-
mez et al.,, 2014). In addition, it has been reported
that some of the spermatogenic cells in the testicular

Siikran YEDIEL ARAS

tissue of rats with experimental diabetes caused de-
generation, shrinkage in the nuclei and nucleus pyk-
nosis in some cells, structural changes in Sertoli
cells, dilatation and hemorrhage in the vessels be-
tween tubules (irtegiin and Deveci, 2016). In our
study, testicular tissues in the control and dandelion
groups had normal histological appearance, but in
the testicular tissues of the diabetes group, degener-
ative changes in the seminiferous tubule structure,
separation between the basement membrane and
tubule epithelium, disruptions in the structure and
localization of spermatogenic cells towards the tubule
lumen, thickening of the basement membrane and
tunica albuginea, shape changes in Sertoli cells and
shrinkage of Leyding cell nuclei were observed. Our
results suggest that diabetes may cause structural
changes and functional disorders in the testicular
tissue and therefore there may be an important rela-
tionship between infertility and diabetes.

Dandelion is a plant that can grow in many places
such as meadows, lawns, roadsides, gardens, or-
chards and wasteland in difficult natural conditions
(Moyer et al., 2009). It has been reported that dande-
lion has a diuretic effect, increases bile secretion, can
be used as an appetizer and in the treatment of dys-
pepsia. In addition, this plant has been used in tradi-
tional medicine in the treatment of many skin diseas-
es such as eczema. It is reported to have positive
effects in the treatment of diabetes, eye infection,
insomnia, sore throat, lung disorders, jaundice, gout,
kidney stone complaints, digestive system diseases,
rheumatism and urinary tract infections (Sari et al,,
2010; Kirpik et al., 2019). When the phytochemical
properties of dandelion were examined, it was report-
ed that it contains organic acids, flavonoids, couma-
rins, terpenoids, carotenoids, phytosterols, sesquiter-
pene lactones, lignans, phenolic acids, inulin, fruc-
tose, fatty acids, vitamins A, B, C, D, potassium and
mucilage. Sesquiterpenes and bitter substances in its
structure increase its therapeutic properties (Schitz
et al., 2006). Possible hypolipidemic and antioxidative
effects of dandelion root and leaf were investigated.
Plasma antioxidant enzymes and lipid levels were
evaluated after the treatment period. As a result, it
was suggested that it showed a positive effect on
plasma antioxidant enzyme activities and lipid levels
and therefore may have potential hypolipidemic and
antioxidant effects (Choi et al., 2010). Dandelion
methanol extract has been reported to inhibit the pro-
duction of nitric oxide (NO), pro-inflammatory cyto-
kines and prostaglandin E2 (PGE2) induced by lipo-
polysaccharide (LPS) in a dose-dependent manner
(Park et al., 2011).In hyperglycemia, the imbalance
between oxidative and antioxidative mechanisms in
cells and tissues increases, resulting in an increase
in reactive carbonyls (RCS) and reactive oxygen spe-
cies (ROS) (Tian and Zhen, 2019). Recent studies
have shown that superoxide dismutase (SOD), cata-
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lase (CAT) and glutathione peroxidase (GPx) activity
decreased, while malondialdehyde (MDA) and nitric
oxide (NO) increased significantly in various tissue
damages (Sharma et al.,, 2020). SOD levels were
reported to be significantly decreased in streptozoto-
cin-induced diabetic rats (Sua et al., 2022). It has
been suggested that antioxidants can be used for the
treatment of diabetes in male rats (Al-Salmi and
Hamza, 2022). In our study, it was determined that
the histological structure in the diabetes + dandelion
group was close to the control group. It was deter-
mined that there was weak SOD-2 immunoreactivity
in the testicular tissues of diabetic rats and moderate
SOD-2 immunoreactivity in the testicular tissues of
rats treated with dandelion extract. Our results sug-
gested that dandelion may provide protection against
diabetes-induced testicular damage by showing anti-
oxidant effect.

In conclusion, diabetes is a metabolic disease with
complications on testicular tissue. The use of natural
treatment methods for the treatment of the disease
and its complications has recently gained popularity.
In our study, it was determined that histopathological
changes in the testicular tissue of diabetic rats treat-
ed with dandelion extract were minimal and SOD-2
immunoreactivity increased compared to the diabetes
group. Our results suggested that dandelion may
have a protective effect against diabetes-induced
testicular damage by positively affecting antioxidant
defense mechanisms.
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Example: Fleiss JL. Statistical Methods for Rates and Proportions.
Second Edition. New York: John Wiley and Sons,1981; p.103.

If the reference is whole book with an editor, citation must be as
below;

Example: Balows A, Mousier WJ, Herramafl KL, eds. Manual
of Clinical Microbiology. Fifth Edition. Washington DC: IRL
Press, 1990; p. 37.

If the reference is from meeting, citation must be done as shown
below;

Example: Entrala E, Mascarp C. New structural findings in
Cryptosporidium  parvum  oocysts. Eighth International
Congress of Parasitology (ICOPA VIII). October, 10-14, 1994;
izmir-Tirkiye.

If the reference is from a thesis, citation must be done as shown
below;

Example: Erakinci G. Investigation of Antibodies Against Parasites
in Blood Donors. PhD Thesis. Ege Univ. Institute of Health
Sciences. Parasitology Program, I1zmir-Turkey, 1993.

The reference is a website on the internet, citation must be done
as shown below; _

Example: TUIK. Hayvancilik Istatistikleri. http://www.tuik.gov.tr/
hayvancilik.app/hayvancilik.zul; Accessed Date: 14.03.2010.

Once the studies one published in the journal, all the responsibility
belongs to the authors.

The final checklist should be followed when submitting
manuscripts and the “Copyright Release Form” must be signed by
all authors in order. Manuscripts which are not prepared in
accordance with the “Instructions for authors” will not be
processed.
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SON KONTROL LISTESI

Makalenizi géndermeden 6nce litfen bu bélimdeki maddelerle karsilastirma yapiniz ve eksiklikleri

gideriniz.

Eksiksiz doldurulmus ve butlin yazarlarca imzalanmis “Telif Hakki Devri Formu”
(http://ercvet.gmail.com adresinden ulasabilirsiniz) makale ile birlikte génderildi.

Metnin tamamu ¢ift aralikli (5 mm) yazildi (Ozetler, tablolar, sekil alt yazilari, kaynaklar v.d. dahil).
Her bir kenarda 2,5 cm bosluk birakildi.

Yazilar 10 punto (Arial) ile yazildi.

Satir numaralari verildi.

Kapak sayfasinda, makalenin basligi (sadece yazim dilindeki) koyu (bold) yazildi, kisa baglik
eklendi.

Kapak sayfasinda, yazar isimleri agik olarak yazildi (kisaltma yok).
Kapak sayfasina dipnot (varsa) eklendi.

Turkge baslk yazildi.

Tarkce 6zet yazildi.

Turkge anahtar kelimeler (alfabetik sirali ve ilk kelimenin ilk harfi blyuk digerleri kiigik harfle
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Sekillerin orijinal halleri eklendi.

Metin icinde sekiller ardisik numaralandi.
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Metin iginde tablolar ardigik numaralandi.
Tablo boyutlari min.=8x20 cm; max.=16x20 cm.
Sekil ve tablolarin metin iginde gelmesi istenilen yer belirtildi.
Sekiller listesi ayri bir sayfa olarak hazirlandi.
Her sekil ayri sayfaya yerlestirildi.

Tablolar listesi ayri bir sayfa olarak hazirlandi.
Her tablo ayri sayfaya yerlestirildi.

Kaynaklar yazim kurallarina uygun yazildi.

Yazisma adresi verildi.
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Margins have been 2,5 cm each side.
Font size has been 10 pt (Arial).

Lines have been numbered.
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Orijinal figures have been prepared correctly according to instructions.
Figures have been referred to consecutively in the paper.

Dimensions of figures have been min =8x20 cm; max.=16x20 cm.
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Dimensions of tables have been min =8x20 cm; max.=16x20 cm.
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Each figure has been given on a separate page.
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Each table has been given on a separate page.
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