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ABSTRACT:

Nisin is a low molecular weight bacteriocin which is produced by Lactococcus lactis. Literature about the effects of
nisin on pure cultures of rumen bacteria is scarce. The objective of the present study was to investigate the comparative
effects of nisin and monensin on pure cultures of some Gram-positive and Gram-negative rumen bacteria. The
antibacterial activity assays of nisin and monensin were carried out using broth microdilution method in anaerobic
conditions. Antibacterial effect of monensin on Gram-positive rumen bacteria was higher than nisin. Ruminococcus
albus and Eubacterium ruminantium were the most sensitive bacteria to monensin. Growth of these bacteria was
inhibited completely by monensin, at 6 and 12 pg/mL concentrations respectively. Nisin exhibited stimulatory effects
on R. albus, E. ruminantium and, Streptecoccus bovis (p<0.05), unlike monensin. Both nisin and monensin showed
potential antibacterial activity on Ruminococcus flavefaciens and Butyrivibrio fibrisolvens (p<0.05), although they did
not inhibit these bacteria completely. Nisin and monensin also did not show inhibitory effect on Methanobacterium
formicicum, however the potential antimicrobial activity of monensin on this methanogen was more evident. Gram-
negative rumen bacteria, Megasphaera elsdenii and Fibrobacter succinogenes, were resistant to both of nisin and
monesin. It was concluded that the different effects of nisin and monensin particularly on some Gram-positive rumen
bacteria may be responsible for their inconsistent effects on ruminal fermentation.

Nisin ve monensin’in rumen bakterilerinin saf kiiltiirleri iizerine karsilagtirmal
etkileri

Ozer:

Nisin, Lactococcus lactis tarafindan iretilen diisiik molekiiler agirlikli bir bakteriyosindir. Nisin’in rumen bakterilerinin
saf kiiltlirleri lizerine etkileri hakkinda olduk¢a sinirl diizeyde literatiir bilgisi bulunmaktadir. Bu ¢aligmanin amaci,
nisin ve monensin’in bazi Gram-pozitif ve Gram-negatif rumen bakterilerinin saf kiiltiirleri lizerine karsilastirmali
etkilerini aragtirmaktir. Nisin ve monensin’in antibakteriyal aktivite analizleri, anaerobik kosullarda mikrodiliisyon
yontemi kullanilarak yapilmistir. Monensin’in Gram-pozitif rumen bakterileri lizerine antibakteriyal etkisi nisin’den
daha yiiksek bulunmustur. Ruminococcus albus ve Eubacterium ruminantium monensin’e karsi en duyarl bakteriler
olarak belirlenmistir. Bu bakterilerin biiylimesi, monensin tarafindan sirasiyla 6 ve 12 pg/mL konsantrasyonlarinda
tamamen baskilanmistir. Nisin, monensin’den farkli olarak R. albus, E. ruminantium ve Streptecoccus bovis lizerine
uyarict etkiler gostermistir (p<0,05). Hem nisin hem de monensin, Ruminococcus flavefaciens ve Butyrivibrio
fibrisolvens fizerine potansiyel antibakteriyal aktivite sergilemisler (p<0,05), ancak bu bakterileri tamamen
baskilamamislardir. Nisin ve monensin ayrica Methanobacterium formicicum tizerine baskilayici etki gostermemekle
birlikte, monensin’in bu metanojen iizerine potansiyel antimikrobiyal etkinliginin daha belirgin oldugu gézlenmistir.
Gram-negatif rumen bakterileri olan Megasphaera elsdenii ve Fibrobacter succinogenes’in, hem nisin hem de
monensin’e karsi direngli olduklart belirlenmistir. Nisin ve monensin’in 6zellikle bazi Gram-pozitif rumen bakterileri
tizerine olan farkl etkilerinin ruminal fermentasyon iizerine uyumlu olmayan etkilerinden sorumlu olabilecegi sonucuna
varilmistir.
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1. Introduction

Ruminants, thanks to their rumen and its microorganisms, are able to process indigestible feedstuffs and
convert them in nutritious food. Rumen bacteria, which make up 95% of the total microbiota in the rumen (3), break
down plant materials and form volatile fatty acids and bacterial proteins as evaluable energy and protein sources for
the host animal (14). However, Gram-positive species which produce greater amounts of hydrogen, formate,
ammonia, and lactic acid compared to the Gram-negative bacteria in the rumen lead to the loss of energy and protein
(5). lonophore antibiotics that are affect selectively Gram-positive bacteria improve animal productivity via
increasing propionate production, fibre digestion and decreasing methanogenesis, deamination of amino acids,
proteolysis of dietary crude protein, and accumulation of lactate (26). Monensin is the most commonly used
ionophore until the antibiotic ban for feed additives in 2006 (21).

Many lactic acid bacteria produce antibacterial small peptides, called as ‘bacteriocins’, which are primarily
effective against Gram-positive bacteria (12). Nisin is a low molecular weight bacteriocin (lantibiotic) which is
produced by Lactococcus lactis, a common starter culture for cheese making (10). Nisin also has “generally
recognized as safe” status, and is approved for use as a food preservative (12). It is known that nisin shows
antimicrobial activity against a wide range of Gram-positive bacteria such as Listeria monocytogenes, Bacillus cereus
(24), Streptococcus pneumoniae and, Staphylococcus aureus (28). It is suggested that nisin might have potential to
modify ruminal fermentation because of its ability to inhibit Gram-positive ruminal bacteria (4). Callaway et al. (4)
reported that even low concentrations of purified nisin inhibited in vitro methane production, decreased the acetate to
propionate ratios and reduced ammonia production similar to monensin. On the other hand, there are also reports
indicate that nisin was less effective than monensin (13, 20) as well as, monensin and nisin affect rumen fermentation
and microbiota differently in vitro (16, 29). However, literature about the effects of nisin on pure cultures of rumen
bacteria is scarce. Such an information can contribute to the clear physiological mechanisms and the mode of action
of nisin in the rumen. Therefore, the objective of the present study was to investigate the comparative effects of nisin
and monensin on pure cultures of some Gram-positive and Gram-negative rumen bacteria.

2. Material and Methods
Nisin and monensin:

Nisin was obtained from Sigma Aldrich (N5764), and monensin was obtained from Fluka (69864).
Bacterial strains:

The Gram-positive bacterial species used in antimicrobial tests were Ruminococcus albus (ATCC 27210)
and Ruminococcus flavefaciens Sijpestejin C97 (ATCC 49949) as hydrogen and formate producers, Butyrivibrio
fibrisolvens D1 (ATCC 19171) and Eubacterium ruminantium GA 195 (ATCC 17233) as butyrate producers, and
Streptococcus bovis (ATCC 33317) as a lactate producer. Methanobacterium formicicum (ATCC 33274), a
mesophilic methanogen, was used as a methane producer. The Gram-negative bacterial species tested were
Fibrobacter succinogenes S85 (ATCC 19169) and Megasphaera elsdenii LC1 (ATCC 25940), which were used as
succinate and propionate producers.

Anaerobic media:

Growth media for bacterial cultures were prepared under CO» to maintain anaerobic conditions according to
Orpin (22). The chemical composition of anaerobic media is shown in Table 1. The media was gassed with CO»
while heating to 60 °C in a hot water bath to remove O, completely. The conversion of the color of medium to dull
yellow from bluish purple by the resazurin (0.1%, v/v), which is a redox potential indicator in the medium, was
considered to be a sign of removal of oxygen. Bottle of media was closed with a rubber stopper and autoclaved.
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Anaerobic bacteria were grown at 37 °C for 24-72 h under strictly anaerobic conditions inside an anaerobic chamber
(Whitley DG250, Don Whitley, West Yorkshire, UK) under an atmosphere of N»>-CO»-H; (80:10:10).

Table 1: Composition of the anaerobic media (for 100 mL) (Orpin 1976)
Tablo 1: Anaerobik besiyerinin bilesimi (100 mL igin) (Orpin 1976)

Component”

Mineral solution 1° 15
Mineral solution 2" 15
Clarified rumen fluid™*" 15
NaHCO;s (Sigma S5761) 0.6
Yeast extract (Sigma Y 1625) 0.25
Trypticase peptone (BD 211921 Bacto™) 1
Resazurin (%0.1, v/v) (Sigma R7017) 1
Cysteine HCI (Sigma C7880) 0.1
Cellobiose (Sigma 22150) 0.5
Deionized water 55

*Units are mL for liquid components and g for solid components.

“Mineral solution 1: 3 g/L. Kz2HPOy (Sigma P3786)

“"Mineral solution 2: 3 g/L. KH:POy (Sigma P9791), 6 g/L (NH):8O; (Sigma A4915), 6 g/L NaCl (Sigma S7653), 0.6 g/L MgSO,4e7H-0 (Sigma 230391)
and 0.6 g/L CaCl; (Sigma C1016)

“The ruminal fluid brought from the slaughterhouse was mixed and filtered through three layers of cheesecloth to partition into liquid and solid

(digesta) fractions. Liquid fraction was centrifuged at 15000 rpm and, the clear supernatant was used as a component of anaerobic media.

Evaluation of antibacterial activity:

The antibacterial activity assays of nisin and monensin were carried out using a broth microdilution method
following the Clinical and Laboratory Standards Institute guidelines (8) in the anaerobic chamber. Stock solutions of
nisin and monesin (20 mg/mL) was prepared dissolving nisin and monesin in 50 % (v/v) ethanol. The minimal
inhibitory concentrations (MICs) of the several ionophore and non-ionophore antibiotics on rumen bacteria were
investigated at doses ranging from 0.09 to 48 pg/mL (19). Therefore, the highest concentration of samples in the
present study was 48 pg/mL. A serial 2-fold dilution of nisin and monesin (48, 24, 12, 6, 3, 1.5, 0.75, 0.38, 0.19, 0.09
png/mL) was prepared in the anaerobic media. Two hundred microliters of each was added to wells of a 96-well plate
(Corning 3599, Flat bottom). Then, 20 uL aliquots of 4 x 10'° cell/mL bacteria were added into each well. Triplicate
wells were used for each concentration. Negative control wells without antimicrobial compounds and media control
wells without bacteria were maintained for each set. After incubation at 37 °C for 24 h in the anaerobic chamber,
microbial growth was determined at 600 nm using a plate reader (BioTek, Epoch). The MIC was the lowest
concentration at an ODggo value of < 0.1 (15). A significantly lower ODgoo value compared to control dose (0 pg/mL)
was accepted as potential antibacterial activity (17) while significantly higher ODsoo value was accepted as
stimulatory activity.
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Statistical analyses:

Statistical analysis was carried out by the use of one-way ANOVA followed by Dunnett’s test. Each well of
a 96-well plate was an experimental unit. A value of p<0.05 was taken to indicate a significant difference.

3. Results

Effects of nisin and monensin on rumen bacteria are presented in Figure 1 and Figure 2. Antibacterial effect
of monensin on Gram-positive rumen bacteria was higher than nisin. Nisin showed growth stimulatory effect on R.
albus at 0.09-24 ng/mL doses (p<0.05), while potential antibacterial activity was observed at 48 pg/mL (p<0.05). On
the other hand, R. albus was inhibited completely by monensin at 6 pg/mL (MIC). Monensin also inhibited the
growth of E. ruminantium at 12 pg/mL dosage (MIC), unlike nisin, which had stimulatory effect on this bacterium at
1.5-48 png/mL doses (p<0.05). Similarly, monensin showed potential antibacterial activity against S. bovis at 3-48
pg/mL (p<0.05), while nisin promoted the growth of this bacterium at all doses (p<0.05). Both nisin and monensin
exhibited potential antibacterial activity on R. flavefaciens and B. fibrisolvens (p<0.05), although they did not inhibit
these bacteria completely. Nisin and monensin also did not show growth inhibitory effect on M. formicicum, however
the potential antimicrobial activity of monensin was more evident on this methanogen.

M. elsdenii LC1 FE succinogenes S85
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Figure 1: Effects of nisin and monensin on Gram-negative rumen bacteria. The results represent the mean +
standard error. “p<0.05, difference of the nisin-treated culture compared with the control; °p<0.05, difference of the
monensin-treated culture compared with the control. Control level was 0 ug/mL for both nisin and monensin.

Sekil 1: Nisin ve monensin’in Gram-negatif rumen bakterileri tizerine etkileri. Sonuglar, ortalama =+
standart hatayi temsil etmektedir. "p<0,03, nisin ile muamele edilmis kiiltiiriin kontrol ile karsilastirldiginda fark;
’p<0,05, monensin ile muamele edilmis kiiltiiriin kontrol ile karsilastirildiginda farki. Kontrol seviyesi hem nisin hem
de monensin i¢in 0 ug/mL dir.
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Figure 2: Effects of nisin and monensin on Gram-positive rumen bacteria. The results represent the mean +
standard error. “p<0.05, difference of the nisin-treated culture compared with the control; °p<0.05, difference of the
monensin-treated culture compared with the control. Control level was 0 ug/mL for both of nisin and monensin.
MIC: Minimal inhibitory concentration

Sekil 2: Nisin ve monensin’in Gram-pozitif rumen bakterileri tizerine etkileri. Sonuglar ortalama =+ standart
hatay temsil etmektedir. "p<0,05; nisin ile muamele edilmis kiiltiiriin kontrol ile karsilastirldiginda farki; °p<0,05;
monensin ile muamele edilmis kiiltiiriin kontrol ile karsilagtirildiginda farki. Kontrol seviyesi hem nisin hem de
monensin i¢in 0 ug/mL ’dir. MIK: Minimal inhibitor konsantrasyon

Both nisin and monesin show growth stimulatory effect on Gram-negative rumen bacteria (p<0.05). Nisin
and monensin promoted the growth of M. elsdenii at 1.5-48 pg/mL and 0.19-48 pg/mL doses, respectively (p<0.05).
Nisin and monensin also showed stimulatory effect on F. succinogenes from 0.75 pg/mL (p<0.05). However, the
stimulatory effect of nisin was higher and permanent from 3 pug/mL dose while the effect of monensin disappeared at
24-48 ng/mL.
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4. Discussion and Conclusion

Antibiotic feed additives have been used since the 1970s to decrease fermentation losses and increase the
useful end-products of ruminal fermentation (6). lonophore antibiotics alter ruminal fermentation via affecting Gram-
positive rumen bacteria while protecting Gram-negative ones (26). In this study, Gram-positive rumen bacteria were
more sensitive to monensin than Gram-negatives, consistent with the literature. R. albus and E. ruminantium were the
most sensitive bacteria to monensin. Growth of these bacteria was inhibited completely by monensin, at 6 and 12
png/mL concentrations respectively. Monensin did not inhibit the other Gram-positive bacteria though it diminished
the bacterial growth compared the control. The minimal inhibitory concentrations (MICs) of monensin on R.
flavefaciens and S. bovis were higher than 40 pg/mL according to Slyter et al. (30), similar with the results of the
present study. On the other hand, R. albus, B. fibrisolvens, and S. bovis were inhibited to differing extents by
monensin at concentrations between 0.1 and 10 pg/mL (11). Dawson and Boling (9) reported that the MICs of
monensin and lasalocid were greatly influenced by potassium concentrations in the medium. The MIC values of
monensin and lasalocid on Bacteroides ruminicola were 16-64 times greater when the potassium concentration of the
medium increases from 4.6 to 12.3 mM. lonophore antibiotics exhibit antibacterial activity via depleting intracellar
potassium and, antimicrobial activities of some ionophores can be reversed by increasing the potassium
concentrations in the medium (9). Therefore, resistance of some Gram-positive bacteria to monensin might be related
with the relatively high potassium concentration of the medium (approximately 12.8 mM) used in the present study.

Antibacterial effect of monensin on Gram-positive rumen bacteria was higher than nisin in the present study.
Besides, surprisingly, nisin exhibited growth stimulatory effects on some Gram-positive bacteria like R. albus, F.
ruminantium, and S. bovis. Literature on the effects of nisin on the pure cultures of rumen bacteria is scarce. Although
nisin is known as primarily effective on Gram-positive bacteria (2), it is reported that some Gram-positive bacteria
can become nisin resistant. According to Mantovani and Russell (18), any nisin-sensitive cell can become nisin
resistant as long as the ratio of nisin to cells is not too high and the incubation period is long enough. In that study
(18), nisin (1 mM) caused a decrease in the viability of S. bovis culture during the first hour of incubation, but the
viable cell number started to increase from the second hour and continued to multiply until the end of 8-hour
incubation. So, the R. albus, E. ruminantium, and S. bovis cultures seemed to become resistant to nisin during the 24
hours of incubation in the present study. However, the sharp drop in the optical density of R. albus culture at 48
pug/mL of nisin treatment suggested that the related dose was too high to allow bacterial resistance. Nisin exhibits
antibacterial activity via aggregating to form a pore through the cell membrane and causing potassium loss from the
cell (25). Nisin is a positive-charged protein (2). Researchers indicated that the nisin-resistant cells had an increased
positive charge than nisin-sensitive cells therefore; they excluded some of the nisin (18). Resistant cells bound less
cytochrome ¢ —an apoptosis related protein- because of the same reason. Nisin-resistant cells were also more
lysozyme resistant, and were less hydrophobic (18).

On the other hand, resistance development theory might be not sufficient to explain the growth stimulatory
effects of nisin treatment on some Gram-positive bacteria in the present study. Kisidayova et al. (16) reported that the
supplementation of nisin significantly increased the in vitro population of major ciliate groups, Entodinium spp. and
Dasytricha ruminantium, in the rumen while monensin significantly decreased the population of both groups in the
same study. It is known that some plant metabolites when used at low doses can be converted to more bioactive forms
as a result of bacterial degradation and these end-products can stimulate synthesis of bacterial proteins (1, 23). A
bacteriocin-like inhibitory substance (BLIS), which is produced by B. fibrisolvens JL5, was reported to be degraded
with a bacterial enzyme, pronase E (27). Nisin might be inactivated with a similar mechanism that is in need of
illumination.

The effects of nisin and monensin on Gram-negative rumen bacteria were in the same direction in the present
study. M. elsdenii and F. succinogenes were resistant to both substances. Results of the present study are consistent
with the reports indicate the resistance of Gram-negative bacteria to nisin (7) and monensin (11). Gram-negative
bacteria, unlike Gram-positive bacteria, have an outer membrane which protects the cell membrane from
antimicrobial substances (4). The growth of Gram-negative bacteria was also promoted moderately by nisin and
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monensin and, the stimulatory effect was more evident and permanent with nisin in the present study. The stimulatory
effects of nisin on both Gram-negative and some Gram-positive rumen bacteria might be the explanation of the
increase on ruminal acetate and propionate production with nisin treatment, unlike monensin, which increased only
propionate production (13). In contrast to monensin, the lack of an adverse effect of nisin on dry matter digestibility
(29) might also be a result of nisin's non-inhibitory effect on ruminal bacteria such as R. albus, E. ruminantium, and
F. succinogenes that play key roles in cellulose digestion.

As a conclusion, the different effects of nisin and monensin particularly on some Gram-positive rumen
bacteria probably responsible for their inconsistent effects on ruminal fermentation. Future in vitro and in vivo studies
are needed to elucidate the nisin’s mode of action on rumen bacteria, and validate the efficiency of nisin to modify
bacterial profile in the rumen.
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ABSTRACT:

E-cadherin is a member of the cadherin superfamily of calcium-dependent cell adhesion molecules, and has critical
roles in cell adhesion during early embryo development. To determine the expression and distribution of E-cadherin, we
applied immunofluorescent staining on late 8 cell, morula and blastocyst stage embryos during the experiments. Firstly,
we superovulated the female mice and sacrificed them to isolate oviducts. We flushed 2 cell embryos by using FHM
HEPES-buffered medium from the CD1 female mouse oviducts and cultured them in KSOM medium until the
blastocyst stage. Embryos were fixed and immunostained with E-cadherin, then images were assessed using a
fluorescence microscope. We demonstrate that E-cadherin is expressed throughout the late 8 cell to fully expanded
blastocysts. We observed that E-cadherin is present only in the cell-cell contact sites and not in the apical sites of the
membrane of late 8 cell stage embryo. In morula, E-cadherin localized on the surface of blastomeres and cell-cell
junctions. In blastocyst stage, embryos showed membrane staining in cell-cell contact regions in trophectoderm cells
while localized on the surface of inner cell mass. Our results indicate that E-cadherin mediated cell adhesion has
important roles on compaction, trophectoderm epithelial differentiation and implantation.

Farelerde erken embriyo gelisiminde e-kadherin ekspresyonu
OZET:

Kalsiyum bagiml hiicre adezyon molekiillerinden kadherin iist ailesinin bir iiyesi olan E-kadherin’in erken embriyonik
gelisim sirasinda hiicre adezyonunda kritik rolleri vardir. E-kadherin ekspresyonunu ve dagilimini belirlemek i¢in, geg 8
hiicre, morula ve blastosist asamalarinda bulunan embriyolara immiinofloresan boyama uygulandi. Ik olarak disi
farelere superovulasyon uyguladiktan sonra sakrifiye edilerek oviduktar izole edildi. CD1 disi farelerin oviduktlar
FHM HEPES-tamponlu medyum ile yikanarak 2 hiicreli embriyo elde edildi ve istenilen embriyo asamalarinda
kullanilmak tizere KSOM medyumu igerisinde blastosist asamasina kadar kiiltiire edildi. Embriyolar tespit edildi ve E-
kadherin ile immun boyama yapildiktan sonra, floresan mikroskobu kullanilarak goriintiiler ¢ekildi ve degerlendirildi.
E-kadherinin ge¢ 8 hiicreli asamadan tamamen genisletilmis blastosist asamalar1 boyunca eksprese edildigi gosterildi.
Geg¢ 8 hiicreli embriyoda E-kadherin, membranin apikal bolgelerinde yer almazken sadece hiicre-hiicre temas
bolgelerinde var oldugu gozlemlendi. Morulada E-kadherin, blastomerlerin yiizeyinde ve hiicre-hiicre birlesim
alanlarinda lokalize oldugu goriildii. Blastosist asamasindaki embriyolarda, ICM'nin yiizeyinde lokalize olurken, TE
hiicrelerinde hiicre-hiicre temas bolgelerinde membran boyamasi oldugu da gosterilmistir. Sonuglarimiz, E-cadherin
kaynakli hiicre adezyonunun, kompaksiyon, trofektoderm epitelyal farklilagsmasi ve implantasyon siirecinde 6nemli
rollere sahip oldugunu gostermektedir.

How to cite this article: Mutluay D: Expression of e-cadherin in early mouse embryo development. Veteriner Hekimler Dernegi Dergisi, 91(1):
9-14, 2020, DOI: 10.33188/vetheder.579594
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1. Introduction

Cell adhesion molecules have a fundamental importance in early mouse embryo because of their roles in
mediating cell-cell interactions during subsequent development (Fleming TP, 2001). E-cadherin is the first identified
cell adhesion molecule of the catenin family. These calcium dependent cell adhesion molecules play a central role in
generation and maintenance of epithelial cell polarity adhesion. E-cadherin is distributed in the adherens junctions,
especially lateral side of the epithelial plasma membrane, and extracellular domain of E-cadherin allows it to be
expressed on neighboring cells (14).

E-cadherin has a major role on the adhesion of blastomeres during preimplantation mammalian embryo
development (14). Preimplantation embryonic development of mouse extends from fertilization to implantation of the
embryo and its attachment to the uterine wall. Following the fusion of sperm with oocyte, the zygote undergoes
mitotic cell divisions, resulting in the formation of 2 cell, 4 cell, 8 cell, morula and blastocyst stage embryos,
respectively. In the 8-cell stage, embryo has morphologically identical blastomeres until compaction. During
compaction, blastomeres become closely apposed like a ball of cells whose cell borders are not distinguishable
anymore (6). Compaction process is mediated primarily by E-cadherin molecules while vezatin and nectin-2 adhesion
also exist at that time (2). Blastomeres also undergo apical-basal polarization with compaction. As a result of
compaction, adherens junctions form at the cell-to-cell contact sites, forming the embryo called morula. After the
generation of morula, small cavities form and expand to create one big cavity, from now on the embryo is called
blastocyst. The blastocyst consists of two cell lineages called trophectoderm (TE) and the inner cell mass (ICM). The
TE is a single outer layer of polarized epithelial cells which mediates the implantation of the embryo and contributes
to placentation, while ICM is composed of pluripotent unpolarized cells that give rise to the fetus (13). E-cadherin is
necessary for the formation of trophectoderm epithelium that is critical for implantation and attachment of the
embryo to endometrium. By the E4.5 (embryonic day 4.5) blastocyst (fully expanded blastocyst) stage, ICM cells are
segregated into two distinct cell layers called primitive endoderm (PrE) and pluripotent epiblast (Epi) that gives rise
to visceral and parietal endoderm and most of the cells of the embryo proper respectively (7).

In the current study, we aimed to determine the expression and distribution of E-cadherin molecule in mouse
early embryo development. Understanding the expressions and functions of these molecules during early
development is essential for people and animals to maintain a successful pregnancy.

2. Material and Methods
Animals:

Female (n=10) and male (n=10) CD1 mice were purchased from Mehmet Akif Ersoy University
Experimental Animal Breeding Unit. Animals were kept in 12h light:12h dark cycle with unlimited access to water
and food. This research was approved by the Veterinary Faculty Experimentation Ethics Committee of Mehmet Akif
Ersoy University (Ethics Committee Certificate no: 511/2019).

Collection of embryos:

CD1 female mice 8-10 weeks of age were induced to superovulate by intraperitoneally injections of 5 IU of
equine chorionic gonadotropin (PMSG) and human chorionic gonadotropin (hCG) at 48 hours (h) apart. Female mice
were mated overnight with fertile males. Following morning, inseminated females were selected by the presence of
vaginal plug. Selected females were sacrificed by cervical dislocation and two cell stage embryos (n=60) were
flushed from the dissected oviducts with FHM HEPES-buffered medium (Millipore-Sigma) at 44-46 h after hCG
injection. After that, embryos were cultured in 20l drops of KSOM medium (Millipore-Sigma) under mineral oil at
37°C in a 5% CO: humidified air incubator until 8 cell, morula, E 3.5 and E4.5 cell stage for the following
experiments (8).
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Fixation and Immunofluorescent Staining

Embryos were fixed in 4% paraformaldehyde solution in phosphate-buffered saline (PBS) for 25 min at
room temperature. Embryos were subsequently permeabilized in PBS containing 0.5% Triton X-100 for 15 min and
blocked with 5% bovine serum albumin in PBS containing 0.1% Tween-20. After blocking, samples were incubated
in the primary antibody overnight at 4°C and were incubated in secondary antibody for 2-3 h at 25°C. The primary
antibody provided was, rabbit anti-E-cadherin (Santa Cruz) and secondary antibodies used were conjugated with
Alexa Fluor 546 (Life Technologies) namely goat anti-rabbit and conjugated with Alexa Fluor 488 (Life
Technologies), namely donkey anti-rabbit. Actin filaments were visualized by adding phalloidin conjugated with
Alexa 546 in the secondary antibody solution to visualize cell membranes. Stained samples were mounted in ProLong
Gold antifade reagent containing 4’ ,6' -diamidino-2-phenylindole (DAPI; Thermo Fisher Scientific) on a slide (8).
Negative and positive control staining on different stage of embryos were done and the specificity of the E-cadherin
secondary antibody was determined that no E-cadherin staining was observed in negative control groups.

Microscopy and Image Analysis

Different stages of embryos were assessed and imaged using BX51 (Olympus) fluorescence microscope.

3. Results

The expression of E-cadherin was determined during preimplantation embryo development by
immunofluorescence staining from late 8 cell stage to the blastocyst stage. The E-cadherin expression was detected in
all embryo stages that were examined (Figure 1-2). It has been known that E-cadherin is expressed and is present in
the entire plasma membrane of 8 cell stage embryo until compaction (16). However, E-cadherin expression is
restricted in basolateral cell-to-cell contact sites in late 8 cell stage, morula, E 3.5 and E 4.5 blastocyst stages (Figure
1-2). In late 8 cell stage embryo, there is no E-cadherin staining at the apical membrane of the peripheral blastomeres
(Figure 1A).

We observed clear membrane staining on contact sites between blastomeres in morula stage embryos.
Morula stage embryo consists of external (will generate TE cells) and internal (will generate ICM) cells. External
blastomeres are positioned on the surface of the embryo, while internal blastomeres are completely surrounded by
neighboring cells (17). We showed that E-cadherin protein is entirely localized around the internal blastomeres
membrane and is also present in cell-cell contact sites of adjacent external blastomeres in morula (Figure 1B).

E-cadherin was detected at E 3.5 (expanding blastocyst) blastocysts as a membrane staining in cell-cell
contact regions in TE cells while localized on the surface of ICM (Figure 1C). We analyzed the E-cadherin
expression and distribution in E 4.5 blastocysts by applying double immunofluorescence staining using E-cadherin
and actin proteins to visualize the cell borders. We observed membrane staining in cell-cell contacts of TE cells and
intense membrane staining on the surface of PrE and Epi cells (Figure 2).
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Figure 1: E-cadherin expression and distribution during preimplantation embryo development. [E-cadherin
is expressed late 8 cell stage to blastocyst stage. E-cadherin is distributed in cell-cell junctions at late 8 cell (A),
morula (B) and E3.5 (C) embryo stages. Fluorescence microscope images of the embryos which were stained with E-
cadherin positive (red) and nuclei were stained with DAPI (blue). Scale bar represents 20um. ]

Sekil 1: Preimplantasyon embriyo gelisimi sirasinda E-kadherin ekspresyonu ve dagilimi. [E-kadherin ge¢ 8 hiicre
asamasindan blastosist agamasina kadar eksprese edilmektedir. E-kadherin geg¢ 8 hiicre (4), morula (B) and E3.5 (C)
embriyo asamalarinda hiicre-hiicre baglanti alanlarinda dagilim gostermektedir. Embriyolarn floresan mikroskop
goriintiileri E-kadherin pozitif (kirmizy) ve nukleus DAPI (mavi) ile boyanmis olan embriyolarin floresan mikroskop
goriintiileri. Olgiim bart 20um’yi gostermektedir.]



Vet Hekim Der Derg 91 (1): 9-14, 2020 13

DAPI E- cadherin Phalloidin Merge

--- :

Figure 2: Double immunofluorescent staining of E-cadherin protein on E 4.5 blastocysts. [E-cadherin is
localized at the cell-cell contacts of TE cells and on the surface of PrE and Epi cells. Fluorescence microscope images
were stained with E-cadherin positive (green), F-actin-positive (red), and nuclei were stained with DAPI (blue). Scale

bar represents 20pum. ]

E 4.5

Sekil 2: E 4.5 blastosistler tizerinde E-kadherin proteinin immunfloresan boyamasi. [E-kadherin, TE
hiicrelerinin hiicre-hiicre temas alanlarinda, PrE ve Epi hiicrelerinin yiizeyinde lokalizedir. Floresans mikroskop
goriintiileri, E-kaderin pozitif (vesil), aktin-pozitif (kirmizi) ile ve ¢ekirdekler, DAPI (mavi) ile boyandi. Olgiim bart
20um’yi gostermektedir.]

4. Discussion and Conclusion

Cell adhesion is a critical process for early embryo development and implantation. We have investigated the
expression and distribution of E-cadherin adhesion molecule, which is the major protein involved in the process of
compaction and formation of adherens junctions during early embryo development (16). We have shown that E-
cadherin protein is expressed throughout late 8 cell stage to fully expanded blastocyst. Indeed, it has been
demonstrated that E-cadherin adhesion occurs during the 8 cell stage, and is present on the entire surface of the
blastomeres plasma membrane. During compaction, E-cadherin mediated adhesion is redistributed and this
molecule’s presence is removed from apical membrane sites of the peripheral blastomeres (10, 16). Compatible with
this study, we observed E-cadherin is localized at membrane domains between adjacent cells but not apical sites of
the peripheral blastomeres. After compaction, we could not detect any staining on the outer surface of the embryo
while E-cadherin became concentrated in cell-cell contact membrane regions. This shows us that E-cadherin plays a
role on compaction process. It has been known that E-cadherin null embryos compact normally cause of the maternal
E-cadherin provided stores but fail to form trophectoderm cell layer. E cadherin -/- embryos show morphological
defects, which indicates that TE formation is affected by the absence of this protein. (5, 11, 14). Studies also revealed
that embryos lacking both maternal and zygotic E-cadherin fail to compact. Stephenson et al., determined lack of E-
cadherin effect normal segregation of apical and basolateral region fail to form an organized outer polar epithelium
which it will effects to form organized blastocyst afterwards (1, 15). In addition, E-cadherin null embryos could not
hatch from zona pellucida, but hatching is an essential process for implantation of the embryo (14). We also observed
membrane staining on cell-cell contact regions in E 3.5 and E 4.5 blastocyst stage, suggesting that this molecule has
important roles on blastocyst formation. Studies also revealed that lack of E-cadherin expression causes defective
adherens junctions which has essential roles on TE formation (9). E-cadherin adhesion contributes to trophectoderm
epithelial differentiation and implantation process (4, 12).

Our results demonstrate and support the knowledge on expression and distribution of E-cadherin, which is
the most important cell adhesion protein in preimplantation embryo development. We have shown that E-cadherin is
expressed throughout the late 8 cell to fully expanded blastocysts. Our data suggested that E-cadherin has critical
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roles on morphogenetic events, including compaction and trophectoderm epithelium formation in early embryo
development.
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recommendation, similar studies can be conducted annually in several universities across the country using scales whose
validity and reliability have been confirmed, as a result of which the universities can identify their strengths and
weaknesses according to some factors, and administrators of the universities can consider such results when making
decisions for improvement and development of the universities. Implementation of improvement measures will directly
or indirectly contribute to the development of countries and the welfare of society.

Akademik personelin isyerinde memnuniyetini etkileyen faktorleri dlcegi gecerlik ve
giivenirlik caligmasi: veteriner fakiiltesi érnegi

Ozer:

Bu calisma ile veteriner fakiiltesinde gorev yapan akademik personelin is ortamida memnuniyetine etkili faktorlerin
belirlenmesi amaglanmigtir. Buna ilaveten veteriner fakiiltesi 6gretim elemanlarinin is ortammdan memnuniyetini
degerlendirmesini miimkiin kilan bir 6lgegin (Akademik Personel s Memnuniyeti Degerlendirme Olgegi) gelistirilmesi
hedeflenmistir. Calismaya Selguk Universitesi Veteriner Fakiiltesi biinyesinde gérev yapan 88 akademik personel
katilmistir. Yapr gegerliligi i¢in; giivenirlik analizlerinde Cronbach alfa (o) ve McDonald's o katsayis1 kullanilmistir.
Gegerlik analizi i¢in faktor analizi uygulanmistir. Calismadan faktor analizi sonucunda 26 maddeden olusan 4 alt faktorlii
bir 6lgek gelistirilmistir. Giivenirlik ve gegerlik ¢aligmasi yapilmis bir formdan elde edilecek toplam puanlamalar ve alt
faktorleri etkileyen sosyo-demografik degiskenler ayni tiiniversite biinyesinde bile birimler itibariyle farklilik
gosterebilmektedir. Oneri olarak gegerlik ve giivenirligi saglanmis fakiilte 6zelinden gelistirilmis 6lgeklerle iilke capinda
universiteler biinyesinde yillik benzer ¢aligmalar yaptirilmasi neticesinde tiniversiteler kendi iginde bir takim alt faktorler
itibariyle gii¢lii ve zayif yonlerini tespit edebilecek, elde edilecek sonuglar iiniversitelerde bir takim iyilesme ve gelisme
yoniinde aliacak kararlarda yoneticilere fikir verici nitelikte olabilecektir. Iyilestirici tedbirlerin hayata gegirilmesi
dolayli veya direk olarak iilkelerin gelismesine ve toplumun refahinm iyilesmesine de katki saglayacag diisiiniilmektedir.
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1. Introduction

Employee satisfaction should be addressed as a crucial issue that affects employees and employers in both the
public and the private sectors (21). Additionally, if employees are satisfied with their job at an expected level, their
quality of life is improved, which contributes to the enhancement of their organisation's performance (21, 24). There is
abundant research on the factors affecting job satisfaction. While such studies have some common factors affecting job
satisfaction, there is no standardised factor classification. Factors affecting job satisfaction that are addressed in various
studies include wage, promotion status, benefit from the job, workplace conditions, relationships with colleagues,
management's attitude, mode of supervision, rewarding, and development opportunities (13, 19, 22, 24, 25).

Specifically for academic staff, the factors that may affect workplace satisfaction differ from those in other
workplaces. The differences include an academic incentive, cooperation/solidarity between employees, job satisfaction,
satisfaction from administrative activities, positive attitude and behaviour of the management, and communication with
other units (2).

As employees' workplace environment and the quality and quantity of the tasks carried out by them differ from
each other, the conducting of such type of studies at the level of workplace environment of relevant organisations will
allow study results to be more reliable and valid. Similar measurements carried out on different samples may give
different results. Considering the abovementioned reasons, the present study was conducted on academic staff, with a
focus on evaluating/identifying the factors affecting their level of workplace satisfaction.

2. Material and Methods

Delphi method was employed during the development of the data collection form. Delphi Technique: It is the
process of obtaining the common opinions of a selected expert group on a subject with a rational approach. The
evaluation forms that had been regularly distributed to academic staff every year were compiled, and a 52-question
form was developed for evaluation of academic staff's workplace satisfaction in collaboration with the academic staff
serving in such evaluation commissions in Selguk University Faculty of veterinary medicine.

Eighty-eight members serving in the veterinary faculty in the academic year 2017-2018 participated in the
study.

Internal consistency method was used for reliability and criterion validity methods were used for validity.

For construct validity, Cronbach's alpha (o) and McDonald's omega (®) tests were conducted in the reliability
analyses. Factor analysis was conducted for analysis of validity. Fitness for factor analysis was checked by Bartlett's
sphericity test and adequacy of the sample size by Kaiser-Meyer-Olkin test. The scale items were determined in a
construct composed of four factors by Quartimax rotation method. Quartimax rotation is an orthogonal alternative that
minimizes the number of factors needed to explain each variable. Such rotation is often a general factor in which most
of the variables are loaded high or medium. The additivity of the scales was checked by Tukey's test of additivity. The
data were evaluated via SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.). p<0.05 and p<0.01 were taken as significance levels.

3. Results

Validity and reliability are indicators of usability of the measurement tool. Validity is the degree to which the
measurement tool accurately measures what it is intended to measure and serves the purpose for which it was developed.
The validity of scales is usually composed of two types of validity evidence: construct validity and content validity (9).
For the content validity of the Turkish version of the scale, the opinions of experts specialised in this field need to be
considered as well as reviewing the statement of the items, content details and fitness of the scale for the area of
research. Upon such reviews, the content validity of the scale should be high enough to represent all facets of the
construct. In order to measure content validity, the scale is submitted to experts specialised in the relevant field for
evaluation and, as appropriate, revised according to the results of the evaluation (20). The agreement of the experts in
relation to the applicability and intelligibility of the items is a criterion for the content validity of the scale (15).
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Tablo 1. Faktor Yiiklerinin Kareler Toplami
Table 1. Sum of Squared Factor Loadings

Factor Rotation Sums of Squared Loadings
Total % of Variance Cumulative %
1 4.73 18.21 18.21
2 3.54 13.61 31.82
3 3.15 12.11 43.93
4 2.55 9.79 53.73

Kaiser-Meyer-Olkin Sample Adequacy=0.774
Bartlett's sphericity test chi-square statistic=1012.414
Degree of freedom 325 p=0.0001

Considering the total explained variance in Table 1, there are four factors for 26 out of 52 items that have an
item-total correlation below 0.20, and 53.73% of what is measured by this 4-factor measurement tool is measured. The
construct validity measured by the factor analysis method is defined as the degree of accuracy of the evidence for the
theoretical construct that is intended to be measured (3, 11). Before the factor analysis, a KMO value below indicates
the sample size is not adequate, while a KMO value between 0.60 and 0.69 indicates the sample size is fine.
Additionally, the result of Bartlett's sphericity test should be statistically significant to check for the adequacy of the
sample size (16, 17). In the present study, the KMO value was found to be 0.70 and Bartlett’s test sphericity chi-square
statistic was found to be y>= 1012.414. This result was found to be statistically significant (p<0.01). Therefore, it can
be said that these data are suitable for factor analysis (p<0.05). Overall, the measurement tool has construct validity
according to the results of the factor analysis. The values obtained in the study indicate that the sample is adequate for
factor analysis. In order to measure the validity of the scale, factor analysis was conducted on the data collected by the
items in the questionnaire using the Quartimax method, the results of which are given in Tables 2 and 3.

Tablo 2: Tukey Toplanabilirlik Testi
Table 2: Tukey's Test of Additivity

Sum of df Mean F Sig
Squares Square
Between People 264.831 85 3.116
Within People ~ Between Items 244.240 51 4.789 11.540 .001
Residual Nonadditivity 6.176 1 6.176 14.931 .001
Balance 1792.795 4334 414
Total 1798.971 4335 415
Total 2043.212 4386 466
Total 2308.043 4471 516

Tukey's test of additivity was conducted to obtain a total score for the scale by adding the scores for the items,
as shown in Table 2. The results of the test of additivity indicate that the scale is suitable for obtaining a total score by
adding the scores for the items, as the level of significance is p<0.05.
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Tablo 3: Faktorlere gore belirlenmis faktor yiikleri
Table 3: Factor loadings

Item Job Satisfaction Evaluation Scale
No. for Academic Staff
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The items no. 5, 6, 8, 9, 16, 17, 18, 19, 20, 21, 22, 25, 27, 30, 31, 33, 34, 35, 36, 40, 45, 47, 49, 50, 51 and 52
were removed from the scale, as their factor loadings were low.

Factors shown in Table 3 are as follows:

Factor 1 (Adequacy of School Infrastructure): Items no. 1, 2, 4, 7, 10, 11, 12, 13, 14, 15

Factor 2 (Management): Items no. 23, 24, 26, 28, 29, 32

Factor 3 (Social Opportunities): Items no. 37, 38, 39

Factor 4 (Courses/Education): Items no. 41, 42, 43, 44, 46, 48 Each factor was named taking into account the
items gathered under the factors.

Tablo 4: Faktor analizi uyum iyiligi tablosu
Table 4: Goodness of fit in item factor analysis

RMSEA 90% CI
CFI TLI RMSEA Lower Upper e df p
0.268 0.238 0.122 0.116 0.127 2.894 1274 <.001

Table 4 illustrates the goodness of fit indices of the model developed for the sample. A y*/df value below 3, a
TLI value of 0.238, a CFI value of 0.268 and a RMSEA value of 0.112 indicate that the model's fit is good.

The second important feature that a measurement tool is supposed to have is reliability. A reliable measurement
tool gives approximately the same numerical results in the measurements carried out successively about the same
property. When a group takes a reliable test two or three times, each person in the group should get roughly the same
score in all of them (14).

In a sense, reliability is a part of validity. A test needs to measure a property consistently so that it can measure
it accurately. However, reliability does not guarantee validity. An exceptionally reliable test may have a very low level
of validity for the purpose for which it is used (14).

To measure the reliability of Likert-type scales, Cronbach's alpha and McDonald's omega tests are
recommended. Cronbach's alpha and McDonald's omega are a measure of internal consistency of the items in the
measurement tool (10). For a measurement tool to be considered sufficient, it needs to have a reliability coefficient that
is close to 1. If the Cronbach's alpha coefficient is below 0.40, the measurement tool is considered unreliable. If the
coefficient is between 0.40 and 0.59, the tool has low reliability. A Cronbach's alpha coefficient between 0.60 and 0.79
indicates that the measurement tool is quite reliable. If the coefficient is between 0.80 and 1.00, the tool is considered
highly reliable (14). In order to test internal consistency, Cronbach's alpha coefficient of the Job Satisfaction Evaluation
Scale for Academic Staff was calculated. Cronbach's alpha coefficient was found to be 0.882, and McDonald's omega
coefficient was calculated to be 0.883. Accordingly, Table 5 shows that the internal consistency/reliability of the scale
is high.

Tablo 5: Olgegin toplam giivenirlik katsayis1 Akademik Personel Is Memnuniyeti Degerlendirme Olgegi
Table 5: The total reliability coefficient of the Job Satisfaction Evaluation Scale for Academic Staff

Cronbach's o McDonald's ®
Job Satisfaction Evaluation Scale for Academic Staff 0.806 0.842
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Tablo 6: Olgegin soru bazli giivenirlik katsayilar1 ve madde toplam korelasyonlari

Table 6: Item-based reliability coefficients and item-total correlations of the scale

if item dropped
item-rest correlation Cronbach's a McDonald's ®
1 0.32638 0.880 0.881
2 0.48762 0.878 0.879
3 0.21412 0.883 0.884
4 0.30685 0.881 0.881
7 0.23876 0.882 0.882
10 0.47721 0.878 0.879
11 0.31373 0.881 0.881
12 0.49006 0.878 0.879
13 0.64556 0.875 0.876
14 0.57295 0.876 0.877
15 0.36636 0.880 0.880
23 0.69807 0.874 0.875
24 0.61188 0.876 0.877
26 0.71651 0.875 0.875
28 0.29808 0.881 0.881
29 0.52722 0.878 0.878
32 0.30635 0.881 0.881
37 0.39963 0.882 0.883
38 0.28745 0.881 0.881
39 0.29264 0.882 0.883
41 0.38878 0.879 0.880
42 0.33498 0.880 0.881
43 0.45899 0.878 0.879
44 0.21712 0.882 0.882
46 0.29591 0.881 0.881
48 0.25240 0.885 0.885

The reliability coefficient is calculated as an analysis method that establishes the extent to which the items
constituting the measurement tool are related to the entire measurement tool and is commonly used for selecting items
(1,4, 5, 6,7, 10). Item-total score analysis is conducted to measure the construct validity and construct reliability of
scales. Item-total score correlation coefficients explain the relationship between the scores for the test items and the
total score of the test. A positive and high item-total score correlation implies that the items sample similar behaviour
and that the test's internal consistency is high. In a test where Likert-type rating scales are used, the item-total score
correlation is calculated using the correlation coefficient (10). A high correlation coefficient for an item suggests that
the connection of that item to the theoretical construct is high, meaning that the item can effectively and sufficiently
measure the behaviour that is intended to be measured (23). For item selection, it is recommended that the correlation
coefficient be higher than 0.20 or even 0.25. It is noted that items with a correlation coefficient between 0.20 and 0.30
can be included in the test if deemed necessary, probably after making some revisions to those items, but items with a
correlation coefficient below 0.20 should never be included in the test. Generally speaking, items with an item-total
score correlation coefficient of 0.30 and above distinguish individuals well (5).

According to the literature, items with a factor loading below 0.20 should be removed from the scale (23).
Twenty-six items were found to have a factor loading below 0.20 and thus were removed from the scale.
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In this case, the scale can be used to determine the satisfaction of academic staff in other faculties on the basis
of the selected factors and the reverse-scoring items.

4. Discussion and Conclusion

The findings of the study suggest that the Job Satisfaction Evaluation Scale for Academic Staff is reliable and
valid for academics serving in Faculty of veterinary medicine and can be used to evaluate their satisfaction regarding
their workplace environment. The four factors in the scale contain a total of 26 items. In another study, a scale named
Academic Environment Evaluation Scale was developed to determine the level of job satisfaction of academics from
various faculties of Pamukkale University, and a reliability and validity study was conducted for this purpose. Three
factors containing a total of 27 items were included in the scale, and it was found that the academics had the highest
satisfaction from communication with students and the lowest satisfaction from their working conditions (8).
Additionally, in a study conducted regarding job satisfaction of lecturers from various faculties of Mehmet Akif Ersoy
University, an 18-item scale containing four factors was developed. The factors were named perceived organisational
support, job satisfaction, extra-role behaviour and cooperation environment. Based on the findings, it was
recommended that lecturers socialise more and have good relationships with the management to increase their job
satisfaction. The explained variance and KMO value of the scale developed for that study are 74.632 and 0.926,
respectively., which are higher than the values in our study (2). The large sample size and the fact that the study was
conducted across all faculties must be the underlying reasons why the factor loadings and the explained variance are
high.

Another study conducted across eight public universities in Turkey found that the most important factor for
job satisfaction of academics was their opportunity to make decisions freely (18). A wide range of studies conducted
to identify the factors affecting job satisfaction of academics are available in the literature. The factors affecting job
satisfaction vary even among different faculties in the same university where such studies were conducted. The socio-
demographic variables affecting the factors and the total scores that can be obtained from a form for which a reliability
and validity study has been conducted may vary even among the departments/faculties in the same university. For such
reasons, more reliable information can be obtained if such type of studies are applied as a common measurement tool
across all veterinary faculties in Turkey.

The mission of the European Association of Establishments for Veterinary Education (EAEVE) is to evaluate,
promote and further develop the quality and standard of veterinary medical establishments and their teaching within,
but not limited to, the member states of the European Union (12). Established in 2010 in Turkey, "the Association for
the Evaluation and Accreditation of Veterinary Institutes and Programmes (VEDEK) is a non-governmental
organisation committed to contributing to raising the quality of veterinary training in Turkey by carrying out
accreditation, evaluation and informing activities for veterinary training institutions and programmes". Similar studies
can be conducted annually in all veterinary faculties across the country using scales whose validity and reliability have
been confirmed, as a result of which the universities can identify their strengths and weaknesses according to the factor
scores of academics, and thus administrators of the universities can consider such results when making decisions for
improvement and development of the faculties and universities in line with the missions of the EAEVE and VEDEK.
Mainly, this will enable common assessments to be made in the meetings of VEDEK and similar commission in Turkey
as well as allowing common decisions to be made to take measures in an effort to make collective improvements.

In conclusion, the measurement of the level of job satisfaction of academics in universities, the major
institutions that generate knowledge, and the implementation of measures for improving their satisfaction will directly
or indirectly contribute to the development of countries and enhancement of social welfare.
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Annex:
The questionnaire form is containing all questions:
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1 The number of courses in our school is adequate for veterinary education.
2 The laboratories in our school are adequate for veterinary education.
3 The classrooms at our school are adequate for veterinary education.
4 The internship programme for our students is satisfactory.
5 Your communication with your students is satisfactory.
6  Students in our school have a satisfactory level.
7 Senior students in our school are sufficiently qualified.
8  The quality of education delivered in our school is satisfactory.
9  The number of technical and/or administrative staff in your department is adequate.
10 The number of academic staff in your department is adequate.
11 The infrastructure of your department is satisfactory.
12 The number of publications at the national level in your department is sufficient.
13 The number of publications at international level in your department is sufficient.
" The communication between the members of the academic staff in your department is
satisfactory.
15 The cooperation between your department and other units is satisfactory.
16  The quality of education delivered to your department is satisfactory.
17 The academic cooperation between the units in our school is satisfactory.
18 The communication between the members of the academic staff in our school is
satisfactory.
19 The quality of education delivered in our school is satisfactory.
20 The quantity and quality of scientific publications by our school are satisfactory.
21 Our school's relations at the international level are satisfactory.
22 Your communication with your administrators in our school is satisfactory.
”3 The level of communication between the school and the local community (residents
of Konya) is satisfactory.
" The communication between the school and professional bodies (chambers,
associations, societies, foundations) is satisfactory.
25 The educational infrastructure of our school is satisfactory.
26 The social activities carried out are satisfactory.
27  The scientific activities carried out are satisfactory.
28  Green and landscaped spaces and parks are satisfactory.
29  The school's car parks are satisfactory.
30 The security of our school is satisfactory.
31 The Internet service in our school is satisfactory.

32

The webpage of our school is satisfactory.
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33 The automation service in our school is satisfactory.
34 The health services provided by the clinics in our school are satisfactory.
35 In general, the management's performance is satisfactory.
36 The number of courses in our school should be reduced.
37 The curriculum of our school is intensive.
38 The number of elective courses in our school should be increased.
39 It is appropriate if the students evaluate the academic staff and the courses.
40 Accreditation efforts contribute to the development of our school.
Al The management has taken the necessary action to attain the objectives regarding
accreditation.
42 The management does not discriminate between academic staff and/or units.
43 The management is sufficiently dealing with the problems of the academic staff.
44 Academic tenures are granted objectively.
45 I think the administrative staff is satisfactory.
16 Infrastructure allocations and budget allowances are granted to the units objectively
and/or realistically.
47  In general, I am satisfied with the services by the administrative staff.
48  The rate of development of our school has been good in recent years.
49 A preparatory class for teaching a foreign language is useful in the medium- and/or
long-term.
50 T am in favour of teaching a certain portion of courses in English.
51 T am in favour of offering the internship programme for two semesters.
5 I 'am in favour of conducting distributing questionnaires to academics, administrative

staff, students and graduates.
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that the boron may have antioxidant properties and may have a protective effect on trace elements and antioxidant capacity
in paracetamol-induced nephrotoxicity.
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Bu calismada, parasetamol ile indiiklenen nefrotoksisite modelinde borun eser element ve antioksidan kapasiteye etkisi
arastirildi. Caligmanin amaci, borun antioksidan aktivitesinin, eser elementler ve viicudumuzdaki antioksidan kapasiteye
etkisi olup olmadigini gésterme agisindan benzersiz bir degere sahiptir. Calismada 56 albino Wistar rat 7 gruba ayrildi:
Grup 1 (Kontrol); Grup 2 (Parasetamol); Grup 3 (Parasetamol + 50 mg / kg bor); Grup 4 (Parasetamol + 100 mg / kg bor);

Nefrotoksisite Grup 5 (Parasetamol + 200 mg / kg bor); Grup 6 (Parasetamol + 140 mg / kg N-Asetilsistein (NAC)); Grup 7 (200 mg /
Parasetamol kg bor). Arastirma sonunda, si¢canlardan alan doku 6rnekleri iz element analizi i¢in kullanilmistir (Magnezyum (Mg),
Sican Manganez (Mn), Kobalt (Co), Bakir (Cu), Cinko (Zn), Selenyum (Se)), Malondialdehit (MDA), toplam antioksidan

durumu (TAS), toplam oksidan durumu (TOS), siiperoksit dismutaz aktivitesi (SOD), katalaz aktivitesi (CAT) ve
glutatyon peroksidaz (GPx) analizleri. Aym sekilde, siganlarin kalbinden alinan kan 6rnekleri de kreatinin kan iire azotu
(BUN) analizleri igin incelendi. Bulgular sonucunda bu ¢alisma, borun antioksidan ozelliklere sahip olabilecegini ve
parasetamol ile indiiklenen nefrotoksisitede iz elementler ve antioksidan kapasite iizerinde koruyucu bir etkisi
olabilecegini gostermektedir.
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1. Introduction

Paracetamol, one of the family of phenacetin, has been used widely since 1950 as analgesic and antipyretic
agents (1). Paracetamol is considered to be a safe drug when taken in therapeutic doses, but overdose causes toxicity.
Poisoning with paracetamol may cause liver and kidney toxicity (2). Paracetamol is mainly metabolized to sulphate
and glucuronide metabolites. It is normally transformed into the highly reactive N-acetyl-p-benzoqui- nonimine
(NAPQI) metabolite via CYP450. This metabolite is usually stabilized by glutathione (GSH) conjugation and is
eliminated via kidney. However, in overdose paracetamol uptake, this mechanism becomes saturated and exceeds the
capacity to detoxify NAPQI production. Excess NAPQI causes oxidative stress-related toxicity (3).

Boron is an important nutrient that needs to be taken from outside by the human body because it is needed in
small amounts and can not be synthesized in cells. Until 1981, it was thought that boron had no effect on people. Later
studies showed that boron is an indispensable element for many treatments and it is effective in oxidant antioxidant
balance in the body. Boron increases the amount of glutathione and its derivatives in the body or induces antioxidants
against reactive oxygen species and shows protective effect against oxidative damage (4).

This study suggests that the boron may have a protective effect on the trace elements and antioxidant capacity in
paracetamol-induced nephrotoxicity and if the data are supported by further research, it is thought that boron will
provide a positive contribution to the literature in terms of showing that it may be a new antioxidant agent that can be
used in the paracetamol toxicity.

2. Material and Methods
Experimental animals:

56 male, albino, Wistar rats weighing 180 grams to 200 grams rats which were used grown in Afyon Kocatepe
University Experimental Animal Research and Application Center were used. One week before starting the experiment,
the animals were adapted to the laboratory to prevent them from being affected negatively by stress. The animals were
fed with water and feed (ad libitum) for the duration of the experiment and they were housed in normal laboratory
temperature (22-24 °C) for 12 h light / dark lighting. All interventions during the study were performed in accordance
with the rules declared by Usak University Local Animal Ethics Committee and with the approval of 2017 / 02-01.
Animals were cared for at the Afyon Kocatepe University Experimental Animal Research and Application Center.

Chemicals used 1n the experiment:

Paracetamol: In the study, a dose of 2 g / kg per paracetamol was prepared in a 1% Carboxy Methyl Cellulose
(CMC) solution of Phosphate buffer saline (PBS), corresponding to 2 ml. The prepared suspension was administered
orally via the gastric catheter. Paracetamol doses were determined according to the related literature (5,6).

N-Acetyl Cysteine (NAC): In the study, 600 mg single tablet NAC (Mentopin, Hermesarzneimittel Gmbh,
Munich-Germany) prepared in 0.9% NaCl solution was given orally with gavage. NAC is an antidote to paracetamol
poisoning due to its ability to increase glutathione available for NAPQI conjugation, and NAC is usually given to
patients for the treatment of paracetamol toxicity. NAC group was used as a positive control group.

Boron application: Boric acid (H3BO3) as a boron source was obtained from Tocris (cat no. 3177). Boric acid dissolved
in serum physiological was administered to experimental animals by gavage at doses of 50, 100 and 200 mg / kg. Boron
doses were determined according to the related literature (7).

Ketamine and Xylazine: In the study, animals were given 65 mg / kg ketamine and 7 mg / kg xylazine intraperitoneally
for euthanasia.
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Experimental plan:

Rats were divided into 7 groups (n=8, for each group) and were subjected to the following experimental
protocols.

Group 1 (Control): Control group.

Group 2 (Paracetamol): 2 g/ kg paracetamol was administered orally via gavage.

Group 3 (Paracetamol + 50 boron): 2 g / kg of paracetamol and then 50 mg / kg of boric acid were
administered orally via gavage.

Group 4 (Paracetamol + 100 boron): After administration of 2 g / kg oral paracetamol, 100 mg / kg boric
acid was administered orally by gavage.

Group 5 (Paracetamol + 200 boron): After administration of 2 g / kg oral paracetamol, 200 mg / kg boric
acid was administered orally by gavage.

Group 6 (Paracetamol + NAC): After administration of 140 mg / kg oral NAC, 2 g/ kg oral paracetamol was
administered. NAC application was repeated one hour and 12 hours after paracetamol administration (2 g/kg
paracetamol + 140 mg/kg NAC + 2 g/kg paracetamol)

Group 7 (200 boron): 200 mg / kg boric acid was administered orally via gavage.

Collecting tissue and blood samples:

The animals were given water and feed until they were saturated during the experiment. After applications, the
animals were sacrificed under anesthesia with ketamine (65 mg/ kg, i.p) and xylazine (7 mg/ kg, i.p) and blood samples
were taken from their hearts. At the same time, one of the kidneys of the animals in the whole groups was stored in
phosphate buffer at -80°C until analysis time.

Trace element, total antioxidant status (TAS), total oxidant status (TOS), malondialdehyde (MDA), dismutase
activity (SOD), catalase activity (CAT) and glutathione peroxidase (GPx) analyses were performed with tissue samples
taken from animals. Blood samples were used for creatinine and blood urea nitrogen (BUN) analyses.

Biochemical analyses:

Trace element analysis: Inductively coupled plasma mass spectrometry (ICP-MS) (Neslab Thermoflex 2500,
Thermoscientific) was used for trace element analysis. The analyzes were carried out at Usak University Scientific
Analysis Technological Application and Research Center. The results were expressed in ppm unit.

Analysis of total antioxidant status (TAS): For the TAS analysis, the Rel Assay Diagnostics Total Antioxidant Status
Assay Kit (Lot #: DR16069A) was used and the results were obtained by colorimetric method.

Analysis of total oxidant status (TOS): The Rel Assay Kit (Lot #: DR160800) was used for the TOS analysis and the
results were obtained by colorimetric method.

Analysis of malondialdehyde (MDA): In the acidic medium, thiobarbituric acid (TBA) reacts with MDA at high
temperature and pink chromogen is formed. The resulting pink color amounts were read spectrophotometrically at 532
nm. Results were given in nmol / mg protein units.

Analysis of dismutase activity (SOD): For the analysis of SOD, an ELISA kit was used using rat specific double
antibody sandwich ELISA method. (SunRed Biotechnology Company, Rat (SOD) ELISA Kit, Lot #: 201802). Results
were given in ng / ml.

Analysis of catalase activity (CAT): For the analysis of CAT, an ELISA kit was used using rat specific double antibody
sandwich ELISA method (SunRed Biotechnology Company, Rat (CAT) ELISA Kit, Lot #:201802). Results were given
inng/ml.

Analysis of glutathione peroxidase (gpx): For the analysis of GPx, an ELISA kit was used using rat specific double
antibody sandwich ELISA method (SunRed Biotechnology Company, Rat (GPx) ELISA Kit, Lot #:201802). Results
were given in ng / ml.
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Analysis of creatinine and blood urea nitrogen (BUN): Bloods taken to the anticoagulant tube were centrifuged at
4000 rpm for 10 minutes. Serum physiological (Isotonic Sodium chloride solution, Mediflex, Eczacibasi, 1000 ml)
was washed and centrifuged. The samples were placed in auto analyzer (Abbott Architect ci4100) and urea and
creatinine analysis were automatically calculated by the instrument. This analysis was performed at Medical Park

Usak Hospital.

Statistical Analysis

Data were statistically analyzed by using SPSS-18 ANOVA and stated as means and standard deviation. P
<0.05 was considered to be significant. The significance of the difference between the groups was made by Post Hoc
Multiple Comparative Tests using Duncan technique in One-Way ANOVA test.

3. Results

Biochemical analysis for kidney tissue

The results of MDA, SOD, CAT, GPx, TAS, TOS in kidney tissue are shown in Table 1. According to
results, MDA levels and TOS levels were significantly higher in the paracetamol group than the control group (p
<0.05) and boron groups were significantly lower compared to paracetamol groups (p <0.05). The levels of SOD,
CAT, GPx and TAS were significantly lower in the paracetamol group compared to the control group (p <0.05) and
boron groups were significantly higher compared to paracetamol groups (p <0.05).

Table 1: MDA, TAS, TOS, CAT, SOD and GPx levels of groups.

Tablo 1: Gruplarin MDA, TAS, TOS, CAT, SOD ve GPx seviyeleri.

Control
Paracetamol
Paracetamol

+ 50 boron

Paracetamol
+ 100 boron

Paracetamol
+ 200 boron

Paracetamol
+ NAC

200 Boron

MDA
(nmol/mg
protein)

0,30 £ 0,06*
0,87 +0,10°

0,44 +0,122°

0,46 + 0,24

0,42 + 0,26

0,55 +0,38°

0,28 £ 0,09*

SOD (ng/ml
protein)

1,80 0,10
1,17+0,31°

1,26 +0,17%¢

1,71 +£0,14%b

1,42+ 0,174

1,57 +0,25%¢

1,89 £ 0,24°

CAT (ng/ml
protein)

1,67+0,17
1,18 +0,07¢

1,27 + 0,25¢¢

1,46 +0,15%¢

1,37 +0,26%¢

1,31 + 0,244

1,60 + 0,180

GPx
(ng/ml
protein)

1,53+ 0,41°
0,67 +0,41°

0,90 + 0,31°¢

1,08 +0,37°

0,81 + 0,34%¢

1,09 +0,20°

1,11 £0,10°

TAS (mmol
Trolox
Equivalent/L)

0,52+0,11°
0,03 + 0,01

0,06 + 0,02°

0,16 +0,08°

0,48 £ 0,05*

0,40 £ 0,02*

0,50 +£0,12%

TOS (pmol
H:0:
Equivalent/L)

18,87 + 4,32¢
70,0 + 4,95¢

29,62 £ 6,47°

25,25 + 6,40°¢

19,25 +4,52°

27,87 £ 6,08°

22,75 + 3,840

abed - In the same column values with different letters show statistically significant differences in MDA, TAS, TOS, CAT, SOD, GPx levels (p<0.05).
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Creatinine and blood urea nitrogen (BUN) analysis results:

Serum BUN and creatinine levels are given in table 2 and table 3, respectively. According to our results, the
BUN and creatinine levels of the paracetamol group were significantly higher than the control group (p <0.05). These
levels were found to be significantly lower at boron groups (p <0.05) than the paracetamol group.

Table 2: BUN levels of groups
Tablo 2: Gruplarin BUN seviyeleri

BUN [ul/L]
Control 18,12 + 1,95‘(1
Paracetamol 29,62 + 4,24b
Paracetamol + 50 boron 20,62 + 5,47‘(1
Paracetamol + 100 boron 20,62 + 3,15‘(1
Paracetamol + 200 boron 20,37 + 4,59a
Paracetamol + NAC 20,50 +5.92°

200 Boron

The difference between groups with different letters is statistically significant (p<0,05).

1837+ 1,68

Table 3: Creatinine levels of groups

Tablo 3: Gruplarin Kreatinin seviyeleri

Creatinine [ul/L]

Control 0,37+ 0,05a
Paracetamol 0,84 + 0,05d
Paracetamol + 50 boron 0,82 + (),03d
Paracetamol + 100 boron 0,64 + 0,02C
Paracetamol + 200 boron 0,50 + 0,06b
Paracetamol + NAC 0,47 + 0,10b
200 Boron 0,44 + 0,05b

The difference between groups with different letters is statistically significant (p<0,05).

Trace element results:

The trace element results of kidney tissue are given in Table 4. According to the data obtained, it was noted
that the trace element levels in the paracetamol group were significantly lower than the control group (p <0.05).
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Table 4: Co, Cu, Se, Mg, Zn and Mn levels of groups

Tablo 4: Gruplarin Co, Cu, Se, Mg, Zn ve Mn seviyeleri

Co Cu Se Mg Zn Mn
Control 0,010 £0,001 0,42 + 0,05%° 1,63 + 0,39%¢ 21,96 £1,35* 6,96 +2,33* 0,10+0,0122
Paracetamol 0,008 +0,001¢ 0,29 + 0,054 0,93 + 0,274 17,02+ 1,019 4,70+ 0,644 0,07 + 0,004°
Paracetamol 0,008 = 0,003%° 0,35 +£0,02¢ 1,50 £0,14¢ 18,13+ 1,684 520+0,14%¢ 0,09 + 0,007
+ 50 boron
Paracetamol 0,009 + 0,003¢ 0,41 + 0,07° 1,51 £0,47¢ 18,01 £3,32¢4  527+0,75%¢ 0,09 +0,018°
+ 100 boron
Paracetamol 0,009 + 0,004° 0,47 £ 0,06* 1,94 + 0,42%P 20,5+2,31%"  512+0,30*® 0,09+ 0,015
+ 200 boron
Paracetamol 0,011 + 0,002 0,41 + 0,04° 2,03 +0,29* 19,92 +1,61% 4,96+ 0,10>¢ 0,09 + 0,025°
+NAC
Boron 0,010+ 0,001 0,43 + 0,05*° 2,01 +£0,19* 19,46 + 0,70> 5,89+ 0,38 0,09 + 0,016

The difference between groups with different letters is statistically significant (p<0,05).

4. Discussion and Conclusion

In this study, the effects of boron on trace elements and antioxidant capacity in paracetamol-induced
nephrotoxicity model in rats were investigated. Paracetamol is a non-steroidal anti-inflammatory drug with a strong
analgesic and antipyretic properties. Paracetamol is a drug that is very reliable in therapeutic doses and has little side
effects and is therefore widely used throughout the world. Because of its widespread use, high safety profile and ease
of access without over-the-counter access, the risk of toxicity is high. It has been reported that overdose of paracetamol
may cause severe hepatotoxicity and nephrotoxicity (8). Paracetamol toxicity begins with symptoms of nausea and
vomiting 12-24 hours after taking the drug. 24-48 hours later, the patient feels better but in 48-72 hours, biochemical
changes begin in the body.

When paracetamol is used in therapeutic doses, sixty percent is converted to glucuronic acid with the help of
the transferase enzyme, while thirty-five percent is converted to sulfuric acid by the help of the sulfonyl transferase
enzyme. Two percent is excreted in the urine. A small amount of paracetamol is converted to NAPQI by the cytochrome
P-450 enzyme.

Since NAPQI is a reactive electrophilic molecule, it covalently binds to the cysteine moieties of intracellular
proteins and forms chelates 3- (cysteine-S-yl). These chelates cause tissue damage (9). At therapeutic doses, NAPQI is
reacted with glutathione and excreted via the bile. However, overdose intake increases the amount of NAPQI and
depletes the glutathione depots in the liver. The released NAPQI is covalently bound to the cysteine moieties of
intracellular proteins and this mechanism is considered the main pathway for paracetamol-induced hepatotoxicity (10).
Overdose intake is known to cause damage to the kidney as paracetamol is excreted through the kidney after being
metabolized in the liver. NAPQI and p-aminophenol formed by N-acetylation in the renal cortex may accumulate due
to depletion of glutathione depots. Kidney damage can be caused by NAPQI binding to membranes and sulfhydryl
proteins and covalent binding of p-aminophenol to renal macromolecules (11). The nephrotoxic effects of paracetamol
may vary depending on the acute or chronic intake. Acute overdose paracetamol intake (10-15 g) may lead to acute
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toxicity with proximal tubule damage and necrosis, while very low doses (5000-1000 mg) may cause renal damage
resulting in analgesic nephropathy (12). Most studies conducted with paracetamol toxicity indicate that glutathione,
which is a natural antioxidant in the body, decreases excessively due to toxic substances and causes weakening of the
antioxidant defense system and consequently causing damage (13).

Since paracetamol is primarily metabolized in the liver, overdose intake first causes hepatotoxicity. The
kidneys are affected in the advanced stages of liver damage or rarely alone without liver damage. Therefore, there are
few studies investigating the association of paracetamol with hepatotoxicity, while there are few studies investigating
the relationship between paracetamol and nephrotoxicity. Toxicity in the kidney occurs in the form of acute tubular
necrosis. It has been observed that 1-2% of patients with overdose paracetamol intake develop renal failure (14). The
mechanism of paracetamol-induced toxicity in the kidney is still not fully elucidated. In overdose paracetamol,
glutathione and sulfation reactions reach saturation and this activates the cytochrome P-450 enzyme system. CYP2EI
isoenzyme is responsible for biotransformation in the kidney. Toxic metabolites such as NAPQI and p-aminophenol
are formed by Prostaglandin synthetase, N-deacetylase enzymes and cytochrome P-450 enzyme systems (15). These
toxic metabolites combine with sulthydryl and glutathione in cellular proteins to form conjugates. The depletion of
glutathione is thought to lead to oxidative stress. As a result, it is thought that it causes the activation of lysosomal
enzymes and caspases and causes damage to the hemostasis and damage to the kidney function by damaging the tissue
(16).

In paracetamol-induced kidney damage, it is thought to be the key task of NAPQI which is formed with the
help of CYP-450 enzyme systems. These metabolites combine with sulfhydryl and glutathione in cellular proteins to
form conjugates, and these conjugates increase oxidative stress and are thought to be one of the possible toxicity
mechanisms (17). The increase in oxidative stress and therefore the weakening of the antioxidant defense system is
also important in paracetamol-induced kidney toxicity. For this reason, CAT, SOD, GPx and TAS were investigated as
antioxidant parameters and MDA, TOS, BUN and creatinine were investigated as oxidative parameters. In addition,
the effect of boron on trace element levels was investigated.

Lipid peroxidation is one of the most important mechanisms that cause paracetamol-related toxicity. Lipid
peroxidation is associated with free oxygen radicals. MDA is the final product of lipid peroxidation and is the most
common marker. Therefore, in tissues exposed to oxidative stress due to increased free radicals, increase in MDA level
is observed. For this reason, MDA level can be considered as a biomarker for oxidative stress (18). In many studies in
the literature, it has been reported that paracetamol toxicity increases the MDA level and successful treatments reduce
these elevated MDA levels and prevent paracetamol toxicity. In the study, Zhao et al. were investigated the protective
effect of rhein in rats on paracetamol induced hepatic and renal toxicity. It was stated that the MDA level of the
paracetamol group was higher than the control group and this increased value was decreased in the treated group (19).
Cheng-chin et al. were studied the protective effect of S-allyl and S-propyl in paracetamol-induced hepatotoxicity and
they indicated that MDA level of paracetamol group is higher than the control group and this increased value was
decreased in the treated group (20). Yapar et al. were investigated the protective effect of L-Carnitine in paracetamol-
induced hepatotoxicity and stated that MDA level of paracetamol group is higher than the control group and this
increased value was decreased in the treated group (21,22). In this study, it was observed that MDA levels were
increased statistically significant in the paracetamol group due to nephrotoxicity, and boron application has
significantly decreased these levels to a level close to the control group. This result supports the fact that the boron
reduces the level of MDA in paracetamol-induced nephrotoxicity and has protective properties.

SOD is an antioxidant enzyme that catalyzes superoxide radical to hydrogen peroxide and dioxygen (23). It is
an important antioxidant defense mechanism because it forms the first defense line against reactive oxygen species.
Since antioxidant enzymes such as SOD and CAT are easily inactive in the case of oxidative stress, a decrease at
enzyme levels in paracetamol toxicity may occur (24). In a study by Xin et al., SOD levels of paracetamol-induced
toxicity group were decreased compared to control group (25). Hua et al. were investigated the mitochondrial protective
effects of Picroside II in paracetamol induced hepatotoxicity in rats and indicated that the SOD level of the paracetamol
group was decreased compared to the control group and the decreasing SOD values were increased in the groups given
Picroside 1I. In this study, it was observed that SOD levels were decreased statistically significant in the paracetamol
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group and boron application was increased these decreasing levels statistically close to the control group. This result
supports the fact that the boron was increased the level of decreased SOD in paracetamol-induced nephrotoxicity and
has protective properties.

GSH, one of the most common tripeptides in the liver, prevents the formation of free radicals such as hydrogen
peroxide and superoxide radicals and protects against oxidative damage. Abdul Hamid et al. were studied the effect of
Zingiber zerumbet extract on paracetamol-induced nephrotoxicity and indicated the oxidative damage with the
reduction of GSH and GPx levels (27). Marc et al. were investigated the protective effect of L-Carnitine in paracetamol-
induced toxicity in rats and reported that the GSH level of the paracetamol group was lower than the control group and
this decreasing value was increased in the treated group (22). Fallah et al. were indicated that the GSH level of the
toxication group was lower than that of the control group, but the GSH level was increased in the treatment group with
Taraxacum officinale roots. GPx inhibits the formation of hydrogen peroxide by converting oxidized glutathione to
reduced glutathione. GPx uses GSH as a substrate and GPx is found partly in the cell membrane and contains selenium-
containing metalloenzymes (29). In the study of Balasubramaniyan et al., it was reported that the GPx level of the group
with ethanolic toxicity was lower than the control group (30). In the study of Sumanth and Rana, it was observed that
the GPx level of the toxicity group was much lower compared to the control group, while the GPx level of the group
of alcohol extracts from Taraxacum officinale roots increased significantly compared to the toxicity group (31). In this
study, it was observed that GPx levels were decreased statistically significant in the paracetamol treated group and
boron application was increased these decreasing levels statistically significant close to the control group. This result
supports the protective effect of boron in the paracetamol-induced nephrotoxicity.

CAT is an enzymatic antioxidant with high activity in the liver. It prevents the formation of highly reactive
hydroxyl radicals by decomposing hydrogen peroxide into water and oxygen (32). Sumanth and Rana were indicated
that the CAT level of the group given Taraxacum officinale was increased significantly compared to the toxicity group,
while the toxicity group has been reported to show a significant reduction in CAT level compared to the control group
(31). In a study conducted by Parmar et al., it was shown that CAT levels of hepatotoxicity groups were significantly
decreased compared to the control group (33). In this study, it was observed that CAT levels were decreased statistically
significant in the paracetamol group, and boron application was increased these levels to a level close to the control
group statistically significant. This result supports the improvement in paracetamol-induced nephrotoxicity of the
borate, which leads to a decrease in CAT level, which decreases as a result of increased oxidative stress in paracetamol-
induced nephrotoxicity. This result supports the protective effect of boron, which provides an improvement in CAT
level with decreasing oxidative stress.

Trace elements are inorganic molecules that are important for life and require a milligram amount per day for
humans. Seven trace elements of vital importance in the human body; iron, selenium, zinc, molybdenum, copper, iodine
and cobalt. Although the activity of boron and chrome has been defined for human life, its chemical functions have not
been fully explained. Magnesium is the fourth most common cation in the human body, and the second most common
cation in the cell after potassium is required for the functionality of many enzymes important for the body. It is involved
in energy production and DNA synthesis in cells. Zinc is involved in the formation of DNA from the developmental
stages of the mother's womb and is of great importance for body development. Manganese is more present in
mitochondria as it is involved in cellular energy production. Cobalt is one of the parts of vitamin B12 and its deficiency
can cause anemia. Copper is involved in the structure of many enzymes and cofactors and is involved in muscle, vein
and tendon development. Selenium is also involved in the structure of the glutathione peroxidase enzyme (34). In
chronic renal failure or dialysis treatment, abnormal changes in trace element levels may occur and may lead to clinical
abnormalities. Fluctuations in the trace element level may be due to malnutrition, changes in gastrointestinal absorption
or drug treatment (35). Cobalt, strontium, arsenic, silicon, cesium, molybdenum, chromium and mercury levels tend to
increase in the reduction of renal functions, while elements such as selenium, bromine, zinc and rubidium tend to
decrease. However, many data in different studies are not completely consistent with each other. It has been shown that
there is a connection between renal failure and some trace elements (36). In this study, trace element levels (Magnesium,
Zinc, Manganese, Cobalt, Copper and Selenium) were significantly decreased in the paracetamol group, and boron
application increased these decreasing levels statistically significant to the level close to the control group. This result
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supports the improvement of boron in the paracetamol-induced nephrotoxicity in the paracetamol-induced
nephrotoxicity.

While TAS is a marker of antioxidant defense mechanism, TOS is a parameter that indicates the total number
of oxidants. In this study, TAS and TOS levels were investigated as oxidative damage markers. The level of TAS
showing antioxidant activity in the paracetamol group was found to be significantly lower than the control group,
whereas the level of TOS indicating oxidative activity was found to be significantly higher than the control group,
suggesting that oxidative damage may be responsible for paracetamol-induced nephrotoxicity. However, further studies
are needed to fully understand the mechanism of development of oxidative damage. In the paracetamol group, TAS
levels were decreased statistically significant and boron application was statistically significant increased these levels
to a level close to the control group. It was observed that the TAS levels of the paracetamol + 200 boron group were
found to be close to the control group statistically significant. This result supports the protective effect of boron in
paracetamol-induced nephrotoxicity, which provides improvement in the level of TAS. It was observed that TOS levels
were increased statistically significant in the paracetamol group and boron application was decreased statistically
significant these levels to a level close to the control group. While the TOS levels of the paracetamol + 50 boron group
and the TOS values of the Paracetamol + NAC group were close to each other, it was observed that the TOS level of
the paracetamol + 200 boron group was found to be closest to the control group statistically. This result supports the
protective effect of boron in paracetamol-induced nephrotoxicity, which provides improvement in the level of TOS.

Recent research has shown that boron is probably a necessary element for human and human health and that
boron plays an important role in the synthesis and metabolism of various reactions. Karabag Coban et al. were indicated
that organophosphate (OP) compounds cause oxidative stress and changes in the antioxidant status of the organism and
animals. They were also stated that with the sufficient amount of boron, animals are protected against OP insects. They
were indicated that boron application of OP-induced oxidative stress and its effects on enzyme activity provide
correction in negative changes and develop antioxidant defense mechanism (37). In another study, it was reported that
boron application had the same effect on endotoxin-induced oxidative stress (38). In a study of rodent model, it was
shown that 40 mg/ L of boron could increase the antioxidant capacity of the spleens and improve splenic tissue structure
(39). In a recent study, it was reported that boron application leads to low oxidative stress in subjects exposed to chronic
alcohol consumption (42). Boron application is thought to decrease oxidative stress by increasing glutathione reserves
neutralizing oxidants (40). Karabag Coban et al. were stated that boron application increases the GSH levels and
protects against the toxic effects of malathion (43). In a study on a neonatal necrotizing enterocolitis rat model, it has
been shown that boron application increases the antioxidant level (41). It is also thought that the boron increases the
level of antioxidant capacity by reducing intracellular ROS and Ca*? ion levels (16) (18). In this study, paracetamol
induced nephrotoxicity was composed and the level of free radicals was increased and oxidative stress was induced.
Accordingly, trace elements, TAS, CAT, SOD and GPx levels were decreased statistically significant, while MDA,
TOS, BUN and creatinine levels were increased. Compared to the control group, a significant decrease in free radical
levels and a marked increase in decreased antioxidant capacity were observed in paracetamol + boron groups.

In conclusion, this study suggests that the antioxidant properties of the boron may support the protective effect
of paracetamol-induced nephrotoxicity on trace elements and antioxidant capacity. This study has contributed
positively to the literature in terms of showing that the boron may be a new antioxidant agent that can be used in
paracetamol toxicity if the data is supported by further research.
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Ozer:

Bu ¢alismanin amact veteriner ortopedide sik¢a kullanilan intramedullar pin uygulamalarina bir alternatif getirmek ve
kilitli intramedullar pin yontemiyle ilgili deneyimler kazanmaktir. Calisma materyalini, femur ya da tibiasinda kirik tespit
edilen 10 kopek olusturdu. Caligmada rutin yumusak doku ve ortopedi setlerinin yaninda farkli uzunluk ve ¢aplarda kilitli
intramedullar pinler ve kilitli intramedullar pin uygulama seti kullanildi. Calisma materyalini olusturan 10 olgudan
belirlenen 11 kirigin 5’1 (%46) transversal kirik, 3’1 (%27) oblik kirik, 3t de (%27) pargali kirik olarak siniflandirilmistir.
Olgu no 9 ve 10 haricinde higbir olguda komplikasyona rastlanmadi. Komplikasyonun gézlenmedigi olgularda kirik
iyilesmesinden sonra interlocking pin, ilgili kemigin medullasinda birakild: ve klinik olarak bir probleme neden olmadig:
gozlendi. Interlocking pinler kopeklerin femur ve tibia gibi uzun kemiklerinde meydana gelen diyafizer kiriklarinda
kullanilabilir. Stabil olmayan kiriklar da dahil, fonksiyonel iyilesme sonuglari ve diisiik komplikasyon oranlariyla
iliskilendirildiginde, uzun kemiklerin diyafizer kiriklarinda interlocking pinlerin kullanimi desteklenmektedir. Sonug
olarak interlocking pin ile sagaltim metodu, femur ve tibianin diyafizer kiriklarinda alternatif bir sagaltim metodu olarak
diistiniilebilir

Clinical and radiological evaluation of the treatment of femoral and tibial fractures
with the use of interlocking nails in dogs

ABSTRACT:

The aim of this study was to introduce an alternative method to intramedullar pinning which are used frequently in
veterinary orthopeadics and improve the experience of treatment with the use of interlocking nailing method. The study
material involved 10 dogs with femoral and tibial fractures. Interlocking nailing application set, routine surgical and
orthopeadical sets were used in this study. Within 11 fractures in 10 cases were classified as transversal fracture in 5 cases
(46%), oblique fracture in 3 cases (27%), communited fracture in 3 cases (27%). No complication was observed in all
cases but case no 2, 9 and 10. Interlocking nails were left in the bones in all cases except one case. Interlocking nails can
be used in diaphiseal femoral and tibial fractures in dogs. It is supported to use of interlocking nailing even in unstable
diaphyseal fractures in dogs when considered functional healing results and low complication rates. As a result, using of
interlocking nailing can be considered as an alternative treatment method to other intramedullary treatments in femoral
and tibial fractures in dogs.
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1. Giris

Interlocking Pin; kiriklarin sagaltiminda, medullar kanal igerisine, iizerinde bulunan vida deliklerinden
korteks-pin-korteks gecisli vidalarla sabitlenen, intramedullar bir pin ¢esididir (1, 7).

Medullar kanala uygulanan intramedullar pin, biikiilme kuvvetlerini, pinin vidalarla sabitlenmesi ise
makaslama, kompresyon, torsiyon ve gerilme kuvvetlerini engeller (2, 5, 9).

Interlocking pinler humerus, femur veya tibianin 6zellikle diyafizinde meydana gelen kiriklarinda kullanilir
(5, 6,9). Kisa ve orta donem iyilesme beklenen ve postoperatif bakimin 6nemli oldugu kdpeklerde endike, Radius i¢in
ise kontrendikedir (5, 6).

Interlocking pinler uzun kemiklerin distal ve proksimal boliimleri haricindeki biitiin kirik tiplerinde
uygulanabilir. Ozellikle ¢ok parcali, maddi kayiph kiriklar ve nonunionlarda basartyla kullanildig1 rapor edilmistir (7,
8).

Pinler statik ve dinamik olmak tizere iki sekilde uygulanabilir. Kemigin distal ve proksimal fragmentlerinin
her ikisine de pin lizerinde bulunan vida deliklerinden ikiser vida uygulanirsa statik, her iki kirik fragmentine de birer
vida uygulanirsa, dinamik interlocking ¢ivileme olur. Parcali, maddi kayiph kiriklarda statik, transversal ve kisa oblik
kiriklarda ise dinamik ¢ivileme onerilir (1, 7).

Pinin distal ucunu metafiz boyunca ilerletme zorunlulugu olmadigindan, kirtk uglarinda malpozisyon
sekillenme riski, ekleme ve bilylime plaklarina zarar verme riski azalir (4, 7).

Interlocking civilemede kullanilan pinler Steinmann pinlerden daha kalin oldugu icin biikiilme kuvvetini
engellemede daha basarilidir (9).

Kemigin kirik hattina yakin béliimiinde, incelme ve buna bagl olarak kirik olugsma riski varsa, interlocking
pinler bélgeye plaktan daha basarili sekilde uygulanirlar. Tyilesme siirecinde kallus olusumu daha azdir ve anatomik
yapiy1 korurken aksial hizalamay1 da saglayarak agilanmanin dniine geger (4, 6).

Interlocking pinler uygulandiklar1 bolge geregi medullar kanal igerisine yerlestirildiklerinden, plak
uygulamalarinda karsilagilan aseptik gevseme gibi komplikasyonlarin 6niine gegilmis olur. Ayni zamanda geng
hayvanlarin distal femur kiriklarinda uygulama kaynakli bilylime plaginin erken donemde kapanma riskinin de dniine
gecer (1).

Kirik iyilesme siireci ilerledik¢e uygulanan implant ve kemik arasindaki yiik dagilimi kemik yoniine kayar.
Bunun sebebi kallus olusumu ile immobilizasyonun artmasidir. Bdylece implant {izerine binen stres azalir ve implanta
bagli olusabilecek herhangi bir komplikasyon riski de en aza indirilmis olur. Ayrica interlocking pinleri kilitlemek i¢in
kullanilan vidalar kirik hattina uzak sekilde uygulanarak fragmentlerin maruz kalacag asir1 stresten kagmilmis olur (1).

Pinde bulunan vida delikleri, pinin direncini azaltir. Vida delikleri kirik hattina yakin olursa kemigin ve
implantin kirilma ihtimali ortaya ¢ikar, vidalar kirik hattina 2 cm’den daha yakina uygulanirsa stres olusturur (9).

Interlocking pinin cap1, uygulanacak kemigin ¢apina uygun olarak se¢ilmelidir. Uygun olmayan ¢apta pin
kullanilmasi, pin lizerinde bulunan vida deliklerinin kirik hatti iizerine denk gelmesi pinde kirilmalara neden olur.
Implantta kirik olusumu daha ¢ok distalde alt alta bulunan iki deligin proksimalde yer alanindan gergeklesir (1).

Interlocking pin ve vidalarmin 6zel ekipmanlarla uygulanabilir olmasi, sadece diyafiz kiriklariin sagaltimida
kullanilabilmesi gibi dezavantajlari vardir (1).

Interlocking pinlerin en zayif noktalar1 vida delikleridir. Interlocking pinler, gii¢lendirilmek i¢in daha kiiciik
vida delikleri ile tiretilmistir, daha kii¢iik vidalar kullanildiginda implant hatalariyla daha az karsilasilmistir (5).

Bu ¢aligmada, veteriner ortopedide sik¢a kullanilan intramedullar pin uygulamalarina bir alternatif olusturmak,
interlocking pin ile sagaltim yontemiyle ilgili deneyimler kazanmak ve kazanilan deneyimleri klinisyen veteriner
hekimlerle paylasmak amaglanmustir.

2. Gerec¢ ve Yontem

Caligma materyalini, femur ya da tibiasinda kirik tespit edilen 10 kopek olusturdu. Caligsmada rutin yumusak
doku ve ortopedi setlerinin yaninda farkli uzunluk ve ¢apta interlocking pinler (Tablo 1) ve interlocking pin uygulama
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seti kullanildi.

Tablo 1: Interlocking pin ¢ap ve uzunluklari.

Table 1: Diameter and length of interlocking pins.

Cap (mm) Uzunluk (mm)

4,5 130-160
6,0 130-190
8,0 150-230

Preoperatif Klinik ve Radyografik Muayene:

Yapilan klinik muayene sonucunda arka ekstemitelerinde topallik, femur ve tibia bolgesinde agr1, sislik,
anormal hareket, krepitasyon ve deformasyon tespit edilen kopeklerde hem tani igin ilgili bolgenin, hem de kullanilacak
olan pin uzunlugu ve c¢apina karar vermek igin kontralateral ekstremitenin mediolateral ve anterioposterior
radyografileri alindi.

Kullanilacak interlocking pinin boyunu tam belirleyebilmek igin kontralateral taraftaki saglam kemigin
radyografisinden dl¢iimler yapildi. Kemigin medullar kanalina uyabilecek en genis ¢apta, kirik olan kemigin normal
uzunluguna uygun olacak sekilde pin secildi.

Anestezi:

Sedasyon i¢in intramuskuler yolla 40 pg/kg medetomidin hidrokloriir enjeksiyonunu takiben 10-15 dk sonra
genel anestezi olusturmak i¢in yine intramuskuler yolla 10 mg/kg ketamin hidrokloriir, analjezi i¢in ise deri alt1 yolla
0,2 mg/kg meloksikam uygulandi. Preoperatif antibiyotik olarak kas i¢i yolla 25 mg/kg amoksisilin uygulandi.

Uygulama Prosediirii:

Femura cerrahi yaklagim; Femur diyafizine lateral yaklagim uygulandi. Deri alt1 yag doku ve siiperfisiyal fascia
deri ensizyonu ile ayni hatta ve uzunlukta kesildi ve ekarte edildi. Fascia lata gegildikten sonra, femur diafizinin
kaudalinde yer alan M. biceps femoris ve kranialinde yer alan M. vastus lateralis arasindaki fasiyal aponeurotik septum
ensize edildi. Kaslar ekarte edilerek femurun diafizine ulasildi.

Tibiaya cerrahi yaklasim; Tibianin diyafizine kraniomedialden yaklasildi. Deriye kraniomedialden tibianin
eksenine paralel bir deri ensizyonu yapildi. Deri alt1 yag doku ve superfisiyal fasia deri ensizyonu ile ayni hatta ve
uzunlukta kesildi ve ekarte edildi. Vena safena ve safendz sinire zarar vermekten kaginarak tibianin diyafizine ulasildi.

Kirik hattina ulasildiktan sonra, medullar kanal, secilen pin ¢apina ve uzunluguna uygun sekilde reamer ile
genisletildi. Pin, medullar kanala yerlestirilerek, proksimalde sistemin uzatma aparati ile baglantisi yapildi. Distal
fragmentin rediiksiyonu yapildiktan sonra pin, distale dogru ilerletildi. Yeteri kadar ilerletildikten sonra, sistemin
klavuzu eklendi. Vida uygulama kilavuzu ile pin lizerindeki deliklere denk gelen noktalarindan dril yardimiyla delikler
acild.

Distal fragmente vidalar uygulandiktan sonra kemige rotasyon yaptirilarak pinin de ayni sekilde rotasyon
hareketini gosterip gostermedigi kontrol edildi. Rotasyonel ve aksiyel hizalanma kontrol edildikten sonra proksimal
fragmente de vidalar uygulandu.

Kemigin ¢atlamasi ve pinin kemigi kirmasi gibi komplikasyonlar1 énlemek i¢in vidalar miimkiin oldugunca
kirtk hattindan uzaga uygulandi. Biitiin vidalar uygulandiktan sonra Interlocking ¢ivileme sisteminin aparatlari pinden
ayrildi. Deri alt1 dokular ve deri rutin sekilde kapatildi.
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Post Operatif Bakim:

Kirigin rediiksiyonu ve uygulanan implantin konumunu degerlendirmek i¢in post operatif radyografiler alind.
Postoperatif muayene ve kontroller operasyondan sonra 0. giin 10. giin, 30. giin ve 45. giinde yapildi.

Post operatif antibiyoterapi 1 hafta siireyle uygulandi. Yara hatti 10 giin siireyle, yumusak bandaj
uygulamasiyla korundu. Hareket kisitlamasi onerildi. Postoperatif 10. giiniin sonunda dikisler alind1 ve kontrollii
yiirliyiislere izin verildi.

Interlocking pin kirik iyilesmesi sonrasinda da yerinde birakildu.

Kirik iyilesmesinin degerlendirmeleri, Modifiye Hannover Veteriner Yiiksek Okulu Kiigiik Hayvan Klinigi
kirtk sagaltimi degerlendirme skalasi, Aslanbey’ in (2002) dnerdigi kirik iyilesmesinin klinik degerlendirilmesi
kriterlerine gore yapildi (Tablo 2).

Tablo 2: Modifiye Hannover Veteriner Yiiksek Okulu kirik sagaltimi degerlendirme skalast.
Table 2: Modified fracture treatment evaluation scale of Faculty of Veterinary Medicine Hannover.

Kirigin Radyografik Goriiniimii Ekstremitenin Klinik Eklemlerin Radyografik Ve
Goriiniimii Klinik Goriiniimii
Cok lyi Diizgiin kemik kaynamasi Tam ekstremite foksiyonu, Artritik degisiklik yok (-),
topallik yok eklem hareketi ¢ok iyi
Tyi Tam olmayan kaynama, yinede iyi ~ Tam ekstremite foksiyonu, Artritik degisiklik ¢ok az (+),
bir biittiinliik topallik yok eklem hareketi iyi
Tatminkar Kirtk kaynamasi iyi degil Gegici topallik Artritik degisiklik var (++),
eklem hareketi tatminkar
Kaotii Kirik kaynamasi ¢ok kot Kalic1 topallik Artritik degisiklik fazla (+++),
eklem hareketi kot
3. Bulgular

Caligma materyalini olusturan 10 olgudan 6’sinin (%60) disi, 4’diiniin (%40) erkek oldugu saptanmuistir.

On olgudan 1’inde bilateral femur kirig1 olmak {izere 11 kiritktan 8’inin (%73) Femur, 3 {iniin (%27) tibia kir1g1
oldugu belirlenmistir.

Belirlenen 11 kirigm anatomik bolgelerine gore 1’1 (%9) proksimal diyafizer femur, 4’ii (%37) orta diyafizer
femur kirgi, 4’ (%37) distal diyafizer femur kirig1, 2’si (%18) orta diyafizer tibia kirig1 oldugu gézlemlenmistir ve
5’1 (%46) transversal kirik, 3’1 (%27) oblik kirik, 371 de (%27) pargal1 kirik olarak siniflandirilmistir.

Kars1 ekstermitedeki saglikli kemikten elde edilen radyografiler iizerinde yapilan 6l¢limler sonrasi olgulara
gore uygulanacak pinlerde 2’sinin (%18) 6,0mm*130mm, 1’inin (%9) 6,0mm*150mm, 1’inin (%9) 6,0mm*160mm,
2’sinin (%18) 6,0mm*170mm, 3’inin (%28) 6,0mm*190mm, 1’inin (%9) 8§,0mm*160mm, 1’inin (%9)
8,0mm*180mm boyutlarinda oldugu belirlenmistir (Tablo 3).
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Tablo 3: Olgularin cinsiyet, yas, uygulanan pin boyutlari ve opere edilen kemik.

Table 3: Sex, age, pin sizes and operated bone informations of the cases.

Olgu no Cinsiyet ve yas Kullanilan pin Kemik
boyutlar

1 Disi, 10 aylik 6,0mm x170mm Femur
2 Disi, 3 yas 6,0mm x170mm Tibia
3 Erkek, 6 aylik 6,0mm x160mm Femur
4 Disi, 6 aylik 6,0mm x130mm Femur
6,0mm x130mm Femur

5 Erkek, 4 yas 6,0mm x170mm Femur
6 Erkek, 5 yas 6,0mm x190mm Femur
7 Disi, 9 aylik 8,0mm x160mm Femur
8 Erkek, 2 yas 8,0mm x180mm Tibia
9 Disi, 1 yas 6,0mm x190mm Tibia
10 Disi, 8 aylik 6,0mm x150mm Femur

Olgu 2, 9 ve 10 haricinde higbir olguda komplikasyona rastlanmadi. Olgu 2’de ag1k, enfekte ve maddi kayipl
kirtk tespit edildi. Rediiksiyon sonrasinda fragmentler arasinda meydana gelen bosluga, reamer ile genisletme
asamasinda elde edilen kompakt ve kansell6z kemik doku pargalarindan olugan kemik otogrefti uygulandi. Dikis hattint
korumak i¢in postoperatif yumusak bandaj uygulandi. Yara hattinda herhangi bir enfeksiyon olusmamasi i¢in giinlilk
olarak bandaj degistirildi ve yara bakimi yapildi. 1 hafta sonunda yaradaki akint1 ve enfeksiyonun sonlandig goriildii.

Olgu 10 haricindeki olgularda kirik iyilesmesinden sonra interlocking pinler, ilgili kemigin medullasinda
birakildi ve postoperatif takip siiresince komplikasyona neden olmadigi gézlendi.

Olgu 1°de diizenli yapilan postoperatif klinik ve radyografik muayeneler boyunca herhangi bir komplikasyon
varligina rastlanmadi ve 45 giiniin sonunda ilgili ekstremitede yiiriiylisiin ve ilgili ekstremiteye agirlik vermenin
oldukga iyi oldu gozlemlendi.

Olgu 3 (Sekil 1) 5 ve 7’de (Sekil 2) diyafizer femur kirig1 tespit edildi. Postoperatif 45. giinde yapilan
radyografik muayenede kirik bolgesinde taskin kallus olustugu belirlendi. Klinik muayenede ilgili ekstremitede agr1 ve
hassasiyet olmadig1 gézlendi.

Olgu 4’te bilateral orta diyafizer femur kirig1 tespit edildi. Operasyon sonrasinda sadece dikig hattini korumaya
yonelik pansuman uygulandigi igin postoperatif donemdeki konforun oldukea iyi oldugu tespit edildi.

Olgu 8’de 45 giiniin sonunda radyografik olarak kirtk fragmentleri arasinda kallus olusumunun sorunsuz
sekillendigi gozlendi. Ekstremitede klinik muayenelerde agr1 ve hassasiyet gozlenmedi.

Olgu 9°da distal ve proksimal vida deliklerinin sadece birer tanesine vida uygulandi. Boylece dinamik bir
fikzasyon elde edildi. Postoperatif 45. giin alinan radyografilerde kirik bélgesinde enfeksiyon bulgusuna rastlandi. Buna
yonelik antibiyotik tedavisine baglandi ancak sonraki siiregte olgunun takibi yapilamadi (Sekil 3).

Olgu 10’da distal diyafizer femur kirig: tespit edildi. 10. giin radyografisinde interlocking pinin Femur’un
distal fragmentinin kranial duvarini kirip kraniale dogru migre oldugu goézlendi. Bu olguda interlocking pin ¢ikartild:
ve kirigin tekrar sagaltiminda Rush pini kullanild.

Modifiye Hannover Veteriner Yiiksek Okulu kiiciik hayvan klinigi kirik sagaltimi degerlendirme skalasina
gore olgularin 6’sinin ¢ok iyi, 1’inin iyi,1 ’inin tatminkar, 1’inin ise kotii oldugu tespit edildi, bir olgunun (olgu no 9)
takibi yapilamadi (Tablo 4).
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Tablo 4: Kirik iyilesmesinin modifiye Hannover Veteriner Yiiksek Okulu kiigiik hayvan klinigi kirik sagaltimi
degerlendirme skalasina gore degerlendirilmesi.
Table 4: Evaluation of fracture healing according to Modified fracture treatment evaluation scale of Faculty of

Veterinary Medicine Hannover.

Modifiye Hannover Veteriner Yiiksek
Olgu no Okulu kiigtik hayvan klinigi kirik
sagaltim degerlendirme skalasi

Cok iyi

Cok iyi

Tatminkar
Cok iyi
Iyi

Cok iyi

Cok iyi

Cok iyi

Takibi yapilamadi

o 0 1SN N A W N

—
(=]

Kotu

Sekil 1: Olgu 3’ e ait radyografiler. a ve b) preoperatif, c) postoperatif 45. giin radyografileri.
Figure I: radiographs of case 3. a and b) preoperative, c) postoperative 45" day radiographs of case 3.
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Sekil 2: Olgu 7’ye ait radyografiler. a) preoperatif, b) postoperatif 0, c) postoperatif 45. giin radyografileri.
Figure 2: Radiographs of case no 7. a) Preoperative, b) postoperative 0, ¢) postoperative 45th day radiographs of
case no 7.

Sekil 3: Olgu 9’a ait radyografiler. a) preoperatif, b) postoperatif 0, ¢) postoperatif 45. giin radyografileri.
Figure 3: Radiographs of case no 9. a) Preoperative, b) postoperative 0, c) postoperative 45" day radiographs of
case no 9.
4. Tartisma ve Sonuc¢

Veteriner ortopedide 6zellikle uzun kemik kirtklarinin intramedullar olarak sagaltiminda siklikla Steinmann
pinler kullanilir. Steinmann pinlerinin uygulanmasi ve kirik iyilestikten sonra g¢ikarilmasi kolaydir. Kirik hattinda
olusan biikiilme kuvvetlerini belli 6l¢iide ndtralize ederler, ancak makaslama, kompresyon, rotasyon gibi kuvvetlere
kars etkisizdirler. Interlocking pinle sagaltim tekniginin dairesel kesitli konvansiyonel pinlerden en dnemli farki, statik
bir kilitleme yapildiginda, kirik hattinda olusabilecek tiim yikici kuvvetleri nétralize etmesidir (2).

Bu klinik ¢alismada interlocking pinler kullanilmis ve genellikle statik pozisyonda yerlestirilmistir (8 olguda
gelisen 9 kirikta). Dinamik pozisyonda yerlestirilen olgular i¢inde ise bir olguda komplikasyon gozlenmistir. Statik
pozisyonda yerlestirilen interlocking pinlerin daha stabil bir fikzasyon sagladigi, kirik hattinda olusabilecek giicleri
normal bir intramedullar pin ve dinamik fikzasyona gore oldukca etkili sekilde onledigi ve komplikasyon riskini
diistirdiigii gdzlemlenmistir.

Plak ve interlocking pin gibi materyallerde iyilesme siirecinde kallus olusumu daha azdir (4). Interlocking
pinin avantajlart arasinda bu bilgi verilmistir. Bu klinik ¢aligma sonuglart genel olarak kallus olusumu yoniinden
degerlendirildiginde, elde edilen veriler, literatiir bilgi ile uyusmaktadir. Sadece olgu no 3, 5ve olgu no 7°de taskin
kallus olusumuna rastlanmaistir.

Interlocking pinler, kemik medullasinin merkezinde oldugu i¢in, plak gibi merkez disinda olan diger
materyallere oranla daha az komplikasyon (aseptik gevseme vs.) olugsmaktadir (1). Bu klinik caligma verileri
degerlendirildiginde literatiir bilgiyle uyumlu olarak olgularda vida gevsemesine bagli herhangi bir komplikasyona
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rastlanmadi. Postoperatif takip siiresince radyografik muayenelerde, olgularin tamaminda herhangi bir vida gevsemesi
gozlenmemistir.

Interlocking pinler aksial hizalamay1 basarili sekilde saglarlar (6). Ayrica uzun kemiklerde acilanma
olusmasina engel olurlar (1, 6). Intramedullar pinlerle gergeklestirilen klinik ¢alismada izlenen olgularda aksial hizanin
bozulmasi ve sonrasinda gelisebilecek agili kaynamaya bagl bir komplikasyon bulgusuna rastlanmamistir.

Interlocking pin uygulamalarinda eger agik rediiksiyon tercih edilecekse plaklar ile kargilastirildiginda, daha
kiiciik bir operasyon yarasi ve daha az diseksiyona ihtiya¢ duyulur (3). Caligma materyalini olusturan olgulara
uygulanan cerrahi yaklagimlar baz alindiginda ¢alisma verileri ile literatiir veriler ortiigmektedir.

Yapilan degerlendirmeler sonucunda interlocking pin yonteminin, diger intramedullar ¢ivileme ydntemlerine
gore temel olarak, kirik hattina etki eden tiim kuvvetleri nétralize etmesi, kirik iyilesmesi tamamlanincaya kadar daha
rijit bir fiksasyon saglamasi, postoperatif konforu arttirmasi gibi avantajlar1 tespit edilmistir.

Interlocking pin ile sagaltim yonteminin kullanilmasi, &zellikle postoperatif bakimin énemli oldugu ve rijit bir
fiksasyonun hedeflendigi olgularda onerilir. Uygulamada uygun boy ve ¢apta pin seciminin dikkatle yapilmas: ve
uygulanan vida ile kirik hatti arasindaki mesafenin 6zenle ayarlanmasi Onemlidir. Ciinkii komplikasyonlarin
bircogunun bunlara benzer teknik nedenlerden kaynaklandig: bilinmektedir.

Interlocking pinler kdpeklerin femur ve tibia gibi uzun kemiklerin meydana gelen diyafizer kiriklarinda
kullanilabilir. Stabil olmayan kiriklar da dahil, fonksiyonel iyilesme sonuglar1 ve diisiik komplikasyon oranlartyla
iliskilendirildiginde, uzun kemiklerin diyafizer kiriklarinda interlocking pinlerin kullanimi desteklenmektedir.

Sonug olarak interlocking pin ile sagaltim metodu, femur ve tibianin diyafizer kiriklarinda alternatif bir
sagaltim metodu olarak diisliniilebilir.
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1. Introduction

The species Necrobia rufipes (De Geer, 1775) is a beetle of the family Cleridae and is commonly called as
red-legged ham beetle as well as the copra beetle. The red-legged ham beetle is a cosmopolitan pest, causing significant
damage to stored products such as copra (dried coconut), ham, cheese, dried fish and other high protein foods (11, 16).
It was also reported on animal carrions and human corpses in various countries such as Brazil (2), Hawaii (14), Turkey
(13) and Angola (12). In addition, N. rufipes are known as predators of larvae (Lasioderma serricorne, Oryzaephilus
mercator, Carpophilus dimidiatus), parasites and scavengers (3). Due to this feeding habits, N. rufipes has an
importance in both stored product and forensic entomology.

The body of adult insect is metallic greenish blue and have prolonged ovalize shape with three body part and
11 segmented antennae. The length of the body is varying from 3.5 to 7 mm. Legs’ color could be shiny reddish-brown
or orange which give this insect its name. Antennae mostly seem as reddish-brown but with a black club or dark brown
at the end. Especially lateral parts of thorax and elytra has stiff bristle-like hairs. Females’ elytra are more evident and
oriented toward the head. Males have more uniform and oblique elytra (8, 10, 15).

Full-grown form of larvae is approximately 10 mm long; somewhat hairy. Most of body parts are creamish-
grey with dappled violet-grey markings on the top. Hardened brown plates are available on first thoracic and last (the
ninth) abdominal segment and head; small brownish plates can also be found on 2nd and 3rd thoracic segments. Last
abdominal plate has two protuberances seems like horn which extremely curve upwards (10, 15).

The life cycle is completed between 35-150 days depending on existence of the food and temperature. An adult
insect could lay approximately 2000 transparent eggs. The eggs are laid generally in cluster on the surface of the food.
After 4 or 5 days, they hatch in optimal condition and the life cycle proceeds with succession of 4 larval stages. Pupal
chambers are built after 13 days. 7th day of the pupation, emergence of the imago occurs. (4, 8, 15, 16). N. rufipes
could use variety of ingredients for build their chambers. For N. rufipes, optimum development temperature is about
30-34 °C, it needs minimum 22°C to continue their life cycle. The maximum temperature boundary is unknown,
however if it is reaches above 40-42 °C; this may prevent beetles’ development. Also this pest needs 50% or above
equilibrium relative humidity (1, 5, 10).

The physical methods such as polythene and thick brown paper for sacks line of food bags, fitting doors and
fly screens around or over drying racks can be used for the prevention and control for this pest. In addition, quality of
the processing and bags are important. Freezing or the exact opposite high temperatures (45°C or higher) can be used
for killing the pests. In addition, low oxygen (O2) obtained by low pressure under a vacuum, ozone (O3) and high carbon
dioxide (CO») exposure up to 144 hours at 23°C for kill %100 of all stages of N. rufipes (5, 6, 7, 8, 10, 15).

Furthermore, we have to consider other stored food product pests especially fed with meat such as Larder
Beetle, Dermestes lardarius L.; Black Larder Beetle, Dermestes ater; Hide Beetle, Dermestes maculatus; Cheese
Skipper, Piophila casei (L.) (4). Since these pests’ existence depends on the content of the food and also their habitat
requirements are similar to the N. rufipes, there is a possibility of encounter these insects in the pet clinics.

In the present study, we would like to raise awareness about the occurrence of N. rufipes in pet clinics due to
the food with rich protein content. In addition, this study has an importance to become first record for N. rufipes
associate with pet food in Turkey.

2. Material and Methods

The owners of four pet clinics from Ankara province was applied to our laboratory at different time with the
beetle infestation problem. As a result of the examination of the infested materials, clinical observations were needed
to understand the intensity of infestations in the region and to learn their origins.

Pet food specimens and insects were collected from different parts of the clinics, were transferred in 70%
ethanol to Ankara University, Faculty of Veterinary Medicine, Department of Parasitology. In parasitology laboratory,
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the samples were analyzed under stereomicroscope (Leica SSAPO) and specific key factors were recorded to enable the
identification of species (9, 10, 13).

3. Results

Physical observation of related clinics exhibited a large number of adult insect and larvae population,
especially intense infestation occurred in the pet food bowls and bags. Besides, three of the clinics were heavily infested
that the beetles were observed even on the wall edges of store area and rooms.

All samples found from different part of clinics were adults, however, eggs and larvae stages were detected on
food samples. Totally, 350 adults and 180 larvae were collected from infested clinics. The result of stereomicroscopic
examination of the insect body parts, all samples were identified as Necrobia rufipes. Main morphological features are
shown in Figure 1.

Figure 1: The morphologic characteristics of NV. rufipes. a: photo of wall edge from the clinic b: dorsal view of the

body (bar: 0,6mm) c: ventral view of the body (red-legs and mouthparts) (bar: 0,4mm) d: antennae (bar: 0,2mm) e:
elytra (bar: 0,2mm) f: last part of the abdomen (bar: 0,3mm).

Sekil 1: N. rufipes’e ait morfolojik dzellikler. a: enfeste klinikten goriintii b: dorsal viicut goriintimii (bar: 0,6mm) c:
ventral viicut goriiniimii (kirmizi bacaklar ve agiz organelleri) (bar: 0,4mm) d: anten (bar: 0,2mm) e: elytra (bar:

0,2mm) f: abdomenin son kismi (bar: 0,3mm).
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4. Discussion and Conclusion

The results of the current study indicate that these insects threaten pet clinics via pet food and this is the first
report of Necrobia rufipes in Turkey. They led to significant economic damage and loss of food products.

There is only two report about red-legged ham beetle infestation related with retail pet store (11) and pet food
(8), but the origin of the insects’ infestation is unknown.

Pet foods, especially dried carnivore food, are rich in animal protein content, which is suitable for N. rufipes
life cycle and even completely packing of pet food is not often able to prevent to insect infestation. In some cases, it
can come from raw material or from the place where dry pet food products are stored. Therefore, N. rufipes infestation
may have been associated with stored pet foods (8, 11). In addition, some authors indicate that due to their predator
properties, the occurrence of N. rufipes mostly link to this (9, 11).

In present two cases, the infestation of N. rufipes could be detected accidentally while changing the food plate.
Several adult and larvae N. rufipes were also seen on crevices of the doors and some carton material that exist in clinics.
As a matter of fact, the main infested food bags material was also made from carton. It can be suggested that wood
material and carton packaging are preferred by N. rufipes larvae for becoming pupae and this can be the way to spread
infestation.

Early detection and management of infestation is important to avoid to spread of the beetles to the whole clinic
and integrity and quality of food products. Because of difficulty about the monitoring of N. rufipes infestation, some
trap can be kept in clinics for early detection and for prevention of spread of insect. Even though there is no specific
trap for N. rufipes, the larvae and adult forms can be captured with commercial traps which contain some food oil and
pheromone lures (11).

Another point to consider is the lack of specific information about control strategies. The sanitation is more
important to prevent and control for N. rufipes. But, there is a report that using cleaning alone did not have an effect on
adult form, but reduced larval presence (6, 11). However, sanitation followed by cyfluthrin spray greatly reduced both
larvae and adults.

We conclude that N. rufipes can be available in pet clinics due to food with high protein content. It causes not
only unpleasant images and economic losses but also decreases the quality of food. It is important to pay attention to
the hygiene conditions and avoid creating environments that they can maintain their biology. Still, there is not enough
information about the detection and prevention methods. Detailed researches are needed to better understanding for
food preference, behavior and vector potential of this emerging pest associated with pet sector.
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ABSTRACT:

Analysis of the quantity of cow milk supplied to the industry in Turkey is one of the methods that could provide
stakeholders with the most accurate results from the perspective of raw milk projections and the interpretation of the
sector. Therefore, it is important that the amount of milk supplied to the industry is used instead of the total amount of
milk produced in the projections of the sector. The present study is intended to model the time series data of the amount
of milk supplied to the dairy industry in Turkey between 2013/01 and 2018/03 using Box-Jenkins and Winters'
Exponential Smoothing methods, and to analyse the production of milk and the future of the dairy industry in Turkey
utilising the forecasts obtained from such models. The results of the analyses indicate that the Winters' Exponential
Smoothing model gives more consistent results than the Box-Jenkins model with respect to the future forecast value and
decision-making criterion of the amount of milk supplied to the industry.

Tiirkiye’de sanayiye aktarilan siitiin Box-Jenkins ve Winter’s Ustel Diizgiinlestirme
yontemleri ile modellenmesi

OZET:

Tiirkiye’de sanayiye aktarilan inek siitii miktar1 tizerinden gergeklestirilecek analizler, gelecege yonelik ¢ig siit
projeksiyonlar ve sektoriin yorumlanmasi noktasinda paydaslara en dogru sonucu verebilecek yontemlerden birisidir. Bu
nedenle iiretilen toplam ¢ig siit miktar1 yerine sanayine aktarilan ¢ig stit miktariin kullanimi ve bunun tizerinden bir
takim projeksiyonlarin yapilmasi 6nem arz etmektedir. Yapilan bu ¢alismayla, 2013/01-2018/03 donemleri arasi
Tiirkiye’de siit sanayine aktarilan ¢ig siit miktar1 zaman serisinin Box-Jenkins ve Winter’s Ustel Diizgiinlestirme
yontemleri ile modellenmesi ve bu modellerin 6ngoriileriyle Tiirkiye’de ¢ig siit tiretimi ve siit sektoriiniin gelecegi
agisindan analizi amaglanmigtir. Yapilan analizlar sonucunda Winter’s Ustel Diizgiinlestirme modelinin sanayiye
aktarilan siit miktariin karar verme kriteri ve gelecege yonelik kestirim degeri bakimindan Box-Jenkins modelinden daha
tutarli sonug verecegi belirlenmistir.
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1. Introduction

In Turkey, the dairy industry is one of the most dynamic branches of production among the sub-sectors of the
farming industry (1). A total of 20,699,894 tons of milk was produced in 2017. 90.64% of the milk produced is cow
milk, 6.49% sheep milk, 2.53% goat milk and 0.34% water buffalo milk (2). A significant portion of the milk produced
in Turkey is cow milk. Research has shown that 52.2% of the cow milk produced in Turkey is subjected to industrial
processes, 21.5% is used by individuals to produce dairy products, 10.5% is directly sold to non-industrial buyers, 8.2%
is consumed as milk by individuals, 5.0% is used to feed animals, 2.2% is delivered free of charge and 0.4% is used
for other purposes (3).

The amount of milk supplied to the industry in developed countries is high, as the informal economy is low
and production has a more sustainable pattern, unlike the case in Turkey (1).

In this context, various market intervention methods were resorted to in an attempt to keep the milk supply and
prices at the desired level in the developed countries. For instance, quota system was used to reduce the milk supply to
a level sufficient to meet the demand in the EU, and was employed to increase the income of raw milk producers that
did not have a sufficient level of income to the desired level in Canada (4).

The dairy industry in Turkey has some problems due to the fact that the milk supply varies by regions and
seasons and that the dairy industry and cattle breeding enterprises have a distributed structure (5).

Furthermore, the marketing network in Turkey is quite different and is generally based on intermediaries.
While this marketing chain results in increases in the price of final products, it also leads to decreased efficiency in the
procurement of milk by industrialists. Particularly, a sustainable production requires a dairy industry integrated with
an effectively functioning production sector (6).

Milk-processing companies face an uncertain production pattern in planning their production processes. This
uncertainty results in huge economic losses if it is not taken into account when planning the production (7).

The quantity of milk supplied to the industry is as important as the quantity of raw milk produced for the
production planning of such enterprises. Therefore, the projections based on the number of livestock, the quantity of
milk as well as the recorded quantity of raw milk supplied to the industry will allow us to make clearer inferences and
predictions for the future of the dairy industry. For this purpose, there is need for creation of a proper database and time
series analysis methods that enable modelling of such data (8).

While the studies conducted in recent years have focused on prediction of milk production, time series analyses
have found wide use in predicting the procurement of milk by milk cooperatives and the production of milk in the
future (9, 10, 11), the milk production by the dairy industry in the future (12, 13), the procurement of milk by milk-
processing companies (14), analysis of market prices of milk and forecast for the future (15).

The purpose of the present research is to model the time series data of the quantity of raw milk supplied to the
dairy industry in Turkey between 2013/01 and 2018/03 using Box-Jenkins and Winters' Exponential Smoothing
methods, and to appraise the models in terms of the production of raw milk and the future of the dairy industry in
Turkey.

2. Material and Methods

Data set:

The data of the research are the monthly quantities of raw milk supplied to the dairy industry between 2013/01
and 2018/03. The data on raw milk supplied to the dairy industry were obtained from relevant industrial organisations.
Table 1 shows the time series data on the quantity of cow milk supplied to the dairy industry.
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Table 1: Quantity of milk supplied to the dairy industry (tons)

Tablo 1: Siit sanayine aktarilan siit miktar: (Ton)

2013 2014 2015 2016 2017 2018
January 610.403,56 675.713,86 683.819,45 714.131,76 734.834,39 803.544,05
February 593.031,43 654.907,21 664.967,96 722.488,61 711.651,39 775.895,14
March 691.122,72 761.814,20 776.788,47 818.214,00 835.971,63 889.907,97
April 717.892,77 782.557,32 798.960,40 818.148,07 834.345,08
May 756.972,33 814.708,71 861.918,48 849.338,25 868.350,38
June 715.380,99 746.764,72 790.440,37 770.543,06 796.465,07
July 653.514,61 715.180,42 743.506,00 725.436,34 777.953,52
August 608.758,67 669.141,67 698.885,00 706.024,87 748.471,50
September  573.025,57 618.715,92 648.267,00 653.904,24 700.513,19
October 578.777,69 614.828,66 663.146,00 678.526,63 717.421,54

November 581.183,37 603.411,09 648.520,00 660.111,99 701.531,53
December 622.900,22 652.510,37 692.961,00 695.722,70 759.149,83

Analysis method:

In this research appraise the estimate made employing the methods of “Autoregressive Integrated Moving
Average” (ARIMA) and “Winters' Exponential Smoothing” in a time series analysis. SPSS 25.0 version was used for
the analysis.

Developing an appropriate model by using statistical methods and making predictions for the future may be
possible with time series. The time series is a series of observations made at periodic time intervals (16). The predictions
for the success of these series are related to the fact that the past values are stable. The margin of error of the estimates
of series showing descent-output values is very high compared to stationary series (17). The stagnation can be defined
as the "probabilistic process whose mean and variance do not change over time and whose common variance between
two periods depends on the distance between the two periods, not the period on which this common variance is
calculated." (18, 19). The most common tests used to investigate stagnation are; series “Autoregressive Correlation
Function” (ACF), “Partial Autocorrelation Function” (PACF) graphs and “augmented Dickey-Fuller” (ADF) unit root
test (20).

Box-Jenkins Method (ARIMA):

This method is in two different processes (21). The autoregressive model (AR) and the the moving average
(MA) model. Box-Jenkins method, which is a combination of two models, is expressed with ARMA model. However,
Box-Jenkins method is required to be stationary series.

In order to perform the series constant, d difference of the cow milk supplied to the dairy industry series is
taken. After, it is included in the ARMA model to acquire the ARIMA model. In time series estimate, this model is
commonly used because of its statistical characteristics as well as its structure (22).

Depending on the nature of the data available, an ARIMA model with the most convenient but limited number
of parameters is selected among the various model options. Such non-seasonal models are indicate by ARIMA (p,d,q).
In an ARIMA model,;

p- the degree of the autoregressive model (AR),
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q: the degree of the moving average model (MA),
d: the degree of the non-seasonal differences taken. The ARMA model is as given in equation [1] (21).

Ye = Z?=1 Bi€—i + Z?:l a;Ye ;i + & [1]
Equation [2] is acquire when the first difference of the non-stationary time series X t is taken.

VX, =X, —X,_, =X} [2]
If the time series X, is still not stationary, its second difference (d=2) is taken.

VX, =V(X) = X{ = X{_1 = X = 2Xe 1 + X [3]

If the series is still not stationary, the differencing is repeated until it becomes stationary. Thus, the ARIMA(p,d,q)
model is obtained (23).

X, =V, = (1_B)dYt [4]
Seasonal Box-Jenkins models are usually denoted by ARIMA[p,d,q) (P,D,Q)s.

P: the degree of the seasonal autoregression (SAR) model,

D: the number of seasonal differences taken,

Q: the degree of the seasonal moving average (SMA) model,

s: the period (18).

(1= ¢1B — $,B* — . —¢,BP)(1 — ¢1B* — ¢,B* — . =¢,B**)(1 = B)*(1 = B*)’Z, = (1 — 6,B — 6,B* -
. =0,BN) (1 — 0,B° — 0,B* — ---.—0,B¥)E, [5]

Winters' Exponential Smoothing Method

This method is used where there is both trend and seasonality in the data series at hand. Seasonality is seen in
real data and this method can be additive or multiplicative. The additive and multiplicative model equations are given
in equality [6] and equality [10] (24).

Additive model

Y (tth)=p t+b tt+S (t-p+th)+e t (6]
The updated average equation is given in equation [7].

p_t=a(Y_t-S_(t-p) J+(1-a)(u_(t-1)+b_(t-1)) [7]
The equation of the updated trend component is given in equation [8].

b t=Y(u t-p (t-1))H(1-Y)b_(t-1) (8]
The equation of the updated seasonality component is given in equation [9].

S t=8(Y_t-p_t)+(1-6)S_(t-p) 9]
Multiplicative Winters' model has a linear trend and seasonality with multiplicative parameters, and is as follows:
Y™ t=[((u) t+b tt)S (t-pth)+e t [10]
The updated average equation is given in equation [11].

pw t=a( Y_t/S_(t-p) )H(1-a)(u_(t-1)+b_(t-1)) [11]
The equation of the updated trend component is given in equation [12].

b t=Y(u t-p (t-1) )H(1-Y)b_(t-1) [12]

The equation of the updated seasonality component is given in equation [13].
S t=8(Y_t/u_t)+(1-8)S_(t-p) [13]
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3. Results

In order to forecast the amount of milk supplied to the dairy industry, time series analysis of the data on the
amount of raw milk supplied to the dairy industry between 2013/01 and 2018/03 was conducted. The time series graph
of the amount of raw milk supplied to the dairy industry and the graph of the differenced series are given in Figl.
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Figure 1: Quantity of milk supplied to the dairy industry (tons) and first differenced and seasonally
differenced time series graph
Sekil 1: Siit sanayine aktarilan siit miktari (ton) ve 1. Derece fark ve sezonsal farki alinmuis serilere ait
zaman serisi grafigi
When Figl is analysed, it can be said that there are fluctuations in the series and an upward trend with a trend.
The main reasons that prevent the series from being stationary are the presence of seasonality and trend. The ACF and
PACF graphs of the series are given in Fig2 and Fig3 for the study of stability. When the graphs are examined, it can
be said that the series is not stable because more than one delay is outside the confidence limits. Since the series is not
stationary, the logarithm was first taken and the differences between the values of the series were reduced and partially
stabilized. However, this process was applied until the series was stationary. Once the difference was taken, it was
concluded that the series stagnated for trend and seasonality. ACF and PACF graphs are shown in Fig2 and Fig3.
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Figure 2: ACF and first differenced ACF graph of the time series data on the quantity of milk supplied to the dairy
industry
Sekil 2: Siit sanayine aktarilan siit miktarina ait serinin ACF ve 1. Derece farki alinmis ACF grafigi
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Figure 3: PACF and first differenced PACF graph of the time series data on the quantity of milk supplied to
the dairy industry
Sekil 3: Siit sanayine aktarilan siit miktarina ait serinin PACF ve 1. Derece farki alinmis PACF grafigi

It is seen in Fig2 and Fig3 that ACF and PACF graphs are observed when two delays exceed the confidence
limit and the other two delays are close to the confidence limit. According to the results, these values can be neglected
and it can be said that the series is still stationary. Stability analysis of the series was also performed using the extended
ADF unit root test. According to the ADF test before the difference, the series is said to be non-stationary (t = -0.254;
p = 0.954) and after the difference, the series is said to be stationary (t =-14.258; p = 0.001). While trying to form an
appropriate model by making use of these processes, several different models have been tried and the most suitable
model for the amount of raw milk transferred to the dairy industry is SARIMA (0,1,0) (0,1,1).
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Figure 4: Forecast of the quantity of milk supplied to the dairy industry by the Box-Jenkins model
Sekil 4: Yillara gore siit sanayine aktarilan siit miktart Box Jenkins modeli ongorii grafigi
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Table 2: Forecast values of the quantity of milk supplied to the dairy industry in the Box-Jenkins models (tons)

Tablo 2: Box Jenkins modellerine gore siit sanayine aktarilan siit miktar: ongorii degerleri (ton)

Forecast UCL LCL
July_2018 808.627,91 780.665,63 836.590,19
August_2018 777.991,90 738.447,26 817.536,54
September_2018 729.020,93 680.588,83 777.453,02
October_2018 745.730,25 689.805,68 801.654,81
November_2018 730.466,73 667.941,16 792.992,29
December_2018 779.613,15 711.119,82 848.106,47
January_ 2019 819.240,99 745.259,74 893.222,24
February_ 2019 798.139,60 719.052,60 877.226,60
March_2019 911.766,49 827.883,94 995.649,04
April 2019 922.917,65 834.499,27 1.011.336,04
May 2019 952.824,51 860.091,89 1.045.557,13
June_ 2019 871.503,06 774.648,18 968.357,94
July_2019 839.932,90 734.274,07 945.591,74
August_2019 809.296,89 695.513,27 923.080,51
September_2019 760.325,92 638.960,21 881.691,63
October_2019 777.035,24 648.534,04 905.536,44
November_2019 761.771,72 626.510,93 897.032,51
December_2019 810.918,14 669.219,86 952.616,42
January_2020 850.545,99 702.690,23 998.401,75

Table 2 and Table 4 show the forecast values of the amount of milk to be supplied to the dairy industry until
2020. The amount of milk supplied to the dairy industry has an increasing trend.

Table 3: Model fit criteria for the Box-Jenkins model

Tablo 3: Box jenkins modeli model uyum kriterleri tablosu

Model Fit statistics Ljung-Box Q(18)
Model Stationary R- Normalized
RMSE MAPE MAE MaxAPE MaxAE Statistics DF  Sig.
R-squared  squared BIC
Amount of
milk
transferred
0,136 0,967 14379055,290 1,527  11398801,623 4,234 30282092,160 33,037 16,363 17 0,498
to dairy
industry-
model
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The goodness of fit criteria of the models are evaluated in a comparative manner. R? is a well-known measure
and a measure of goodness of fit for the linear model, frequently referred to as the coefficient of determination. It ranges
from 0 -1, and small values show that the model does not fit well into the data. The stationary R? is a measure comparing
the stationary part of the model with the basic model. It is preferred where there is a trend or a seasonal pattern. RMSE
is the square root of the mean of the error squares. It is used to express how different the dependent series is from the
level predicted by the model. Smaller values indicate better model estimates. MAPE shows the mean absolute
percentage error and is independent of the units of the series, so it can be used to compare different series. The MAE
represents the mean absolute error and is expressed in units of the series itself. MaxAPE is the highest absolute percent
error measure. It represents the highest error that occurs among the estimated values, expressed as a percentage and is
therefore unit independent. Estimates are a measure that can be used for worst-case applications. MaxAE indicates the
highest absolute error and is expressed in the same unit as the slave series. The BIC, the normalized “Bayesian
Information Criterion”, is a general measure of the total fit of the model. This measure is used to compare between
different models in the same series, and lower values indicate a better model (25).

Looking at Table 3, it is clear that the quantity of raw milk supplied to the dairy industry is statistically
significant is the Box-Jenkins model (p<0.05). MAPE value indicates that the series have quite usable forecasts.

Then, the quantity of raw milk supplied to the dairy industry was predicted using Winters' Exponential
Smoothing Method, one of the exponential smoothing methods. Table 4 and Table 5 illustrate the forecast values until
2020. It is clear that the quantity of milk supplied to the dairy industry has an increasing trend.
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Figure 5: Forecast of the quantity of milk supplied to the dairy industry by the Winters' Exponential
Smoothing model (tons)
Sekil 5: Siit sanayine aktarilan siit miktarina ait Winter Ustel Diizgiinlestirme modeli ngorii grafigi (ton)
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Table 4: Forecast values of the quantity of milk supplied to the dairy industry in the Winters' exponential smoothing

models (tons)

Tablo 4: Winter iistel diizgiinlestirme modellerine gére siit sanayine aktarilan siit miktar: 6ngorii degerleri (ton)

Forecast UCL LCL
July_2018 804.225,56 777.161,16 831.289,97
August_2018 757.177,94 724.299,80 790.056,08
September_2018 696.474,87 659.622,69 733.327,04
October_2018 706.530,29 664.378,75 748.681,83
November_2018 689.127,27 643.370,92 734.883,62
December_2018 739.424,70 687.057,82 791.791,59
January_ 2019 781.704,49 723.361,53 840.047,44
February_2019 766.012,77 705.522,39 826.503,16
March_2019 890.549,36 818.475,92 962.622,79
April 2019 907.276,48 831.495,06 983.057,91
May 2019 948.971,71 867.670,96 1.030.272,46
June_ 2019 873.012,84 795.499,28 950.526,41
July_2019 835.532,87 756.589,90 914.475,84
August_2019 786.558,44 709.327,38 863.789,51
September_2019 723.412,82 649.134,76 797.690,88
October_2019 733.769,37 656.168,46 811.370,29
November_2019 715.610,32 637.348,50 793.872,14
December_2019 767.749,97 682.277,73 853.222,20
January_2020 811.554,08 719.715,49 903.392,68

Table 5: Model fit criteria for the Winters' exponential smoothing model

Tablo 5: Winter iistel diizgiinlestirme modeli model uyum kriterleri tablosu

Model Fit Statistics

Ljung-Box Q (18)

Model

Stationary R-  R- RMSE MAPE MAE MaxAPE  MaxAE Normalized | g iics  DF  Sig.
squared squared BIC
Amount of
milk
transferred 0,164 0,976 13543438,852 1,399 10337905,872 4,105 31049802,192 33,033 26,487 15 0,033
to dairy
industry-

model

Looking at Table 5, the MAPE value is 1.399. In this case, the MAPE value of 1.527 obtained from the Box-
Jenkins model (SARIMA (0,1,0) (0,1,1)), as shown in Table 5, is higher than that acquire from the Winters' Exponential
Smoothing model. The results of the analyses indicate that the Winters' Exponential Smoothing model gives more
consistent results than the Box-Jenkins model with respect to the decision-making criterion.
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4. Discussion and Conclusion

In an assessment of the problems of the industrial production in Turkey, it was stated that the major problem
of the dairy industry was related to the market structure and the lack of organisation (26). The current problems of the
industry make it impossible to supply the entire amount of milk produced to the industry.

52.2% of the milk produced in accordance with the requirements issued by the Union of Chambers of
Agriculture of Turkey is used in the industry (3). The present study has found that the ratio of the milk supplied to the
industry to the total amount of raw milk produced was the lowest in 2013 (42.26%) and the highest in 2016 (47.66%).
Incentives and policies aimed at ensuring the produced milk is registered need to be implemented so that this ratio can
be increased. Furthermore, the present study has found that the seasonal supply of milk to the industry in Turkey peaks
in May and bottoms out in February. The peaking of the milk supply in May in Turkey is also consistent with the results
of other studies and reports (1, 27). The sustainability of the dairy industry in Turkey is only possible if proper planning,
reasonable investments and revolutionary policies that the industry needs are implemented.

In this context, there is need for creation of a proper database and time series analysis methods that enable
modelling of such data so that rational policies for the livestock sector can be prospectively formulated (28). In order
to achieve it, production projections for the sub-sectors of the livestock industry should be carried out and appropriate
models should be developed for each product.

Various methods such as artificial neural networks (29), stochastic programming (30) and different regression
models (31) have been used in predicting the milk production in the future.

As milk production was addressed, the present study used the SARIMA (0,1,0) (0,1,1) model obtained from
the Box-Jenkins method and the Winters' exponential smoothing model, which is dependent on both trend and
seasonality. The Winters' exponential smoothing model explains the data better, as it has a higher R* and lower RMSE,
MAPE and MAE values than SARIMA (0,1,0) (0,1,1) model. Estimation with an MAPE rate below 10% are considered
good forecasts, thus making it necessary to compare the two models in this scope (32, 33, 34, 35, 36).

The MAPE values of the SARIMA (0,1,0) (0,1,1) model and the Winters' Exponential Smoothing model were
found to be 1.527 and 1.399, respectively. The MAPE values of both models suggest that their forecasting accuracy is
sufficient. While both models are suitable for forecasting, Winters's exponential smoothing model can be preferred to
the SARIMA model, as its MAPE value (1.399) suggests better forecasting performance.

Looking at the forecasts by both models, it is possible to say that there is an increasing trend. That is, it is
predicted that the quantity of raw milk supplied to the industry in Turkey will increase within the scope of the
seasonality relationship, and will reach a value between a minimum of 719,715.49 tons and a maximum of 903,392.68
tons in January 2020 according to the Winters' exponential smoothing model (Table 4). However, the recent cost-
related problems and the decreasing number of dairy cows may lead to deviations in the time series data, and thus in
the forecasts.

A study forecasting the future milk supply to the dairy cooperatives in the UK reports that Holt-Winters' (HW)
seasonal model and seasonal autoregressive integrated moving average model (SARIMA) generate forecasts that
contain less than 3% error (9).

The forecasts of the future milk supply to the milk-processing companies in Norway, based on the data between
January 2001 and December 2010 were tested using HW and SARIMA models. The two time series models were
compared with a model based on expert opinions and a model based on previous monthly quantities. The study
underlines that the combination of the two time series models and the model based on expert opinions generates reliable
forecasts for a period of two years (14).

A study conducted in India found that the optimum ARIMA model for milk production forecasts was ARIMA
(1,1,0) and calculated the R? value to be 0.96, RMSE value 227.534 and MAPE value 4.491 (37).

It is important to implement rational policies as described below so that the problems of the dairy industry in
Turkey can be overcome. In this context, the production structure of the dairy industry, most notably the costs, should
be given a sustainable character in terms of marketing and quality. To that end, policy makers and the industry need to
regularly carry out projections for the quantity of milk to be produced in the future and determine beforehand the
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quantity of milk to be produced and processed. If they do so, the dairy industry can have a sustainable structure with
planned and organised production.
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1. Giris

Tarihin her déneminde erkek isgiicii kadar kadin iggiiciine olan ihtiya¢ duyulmakla birlikte, giiniimiizde
kadinin is yasaminda dnemi ve gerekliligi her gegen giin biraz daha artmaktadir. Ozellikle tarim toplumundan bilgi
toplumuna gecis siirecinde, tarlalardan isyerlerine uzanan genis yelpazede gereksinim duyulan kadin isgiicii, tilkelerin
gelismislik diizeylerine gore degismektedir (13).

Tiirkiye, gerek cografi ve gerekse iklimsel kosullar bakimindan 6nemli bir hayvancilik potansiyeline sahip
olmasina ragmen sektordeki iiretim artis1, yagsanan ekonomik darbogazlarla birlikte niifus artis hizinin gerisinde kaldig:
icin, hayvancilikta ithalata bir yonelme s6z konusudur (10). Bu bakimdan sektoriin etkin bir sekilde analiz edilmesi,
sektoriin sorun ve ¢oziim Onerilerinin ortaya konup irdelenmesi gerekmektedir. Nitekim yapilan projeksiyonlarda
gelecekte yillarda 6zellikle gelismis lilkelerde hayvansal iiriinlere olan talepte dnemli bir artis beklenmezken, Tiirkiye
gibi gelisen ve biiyiiyen iilkelerde hayvansal {irlinlere (et, siit) olan talebin iki kat artacag bildirilmektedir (8).

Bu arastirma ile Tiirkiye’deki veteriner fakiiltelerinde calisan kadin akademisyenlerinin; hayvancilik
sektoriinde mevcut olan sorun kiimelerine bakislarinin, bunlara iliskin ¢6ziim Onerilerinin belirlenmesi ve analitik
olarak degerlendirme 6lgiitleri ile ortaya konulmasi amaglanmaktadir.

2. Gereg¢ ve Yontem

Arasgtirmanin hedef kitlesini, Tiirkiye’deki Veteriner Fakiiltelerinde c¢alisan kadin akademisyenler
olusturmustur. Caligsmada; 2017 yilinda Tiirkiye’de egitim 6gretim faaliyetinde bulunan 24 Veteriner Fakiiltesinde 544
kadin akademisyenin gorev yaptigi tespit edilmistir. Caligmada tam sayim yontemine goére mevcut kadin
akademisyenlerle anket caligmasi yapilmak istenmis ancak bazilarinin galismaya katilmak istememesi ve/veya
kendilerine ulagilamamas gibi caligmay1 kisitlayici etkenler olmustur. Orneklem biiyiikliigiiniin hesaplanmasinda ana
kitlenin belli oldugu durumdaki formiil kullamlmistir (9): n= Nt’pq / d*(N-1) + t’pq

Bu formiilde ana kitle i¢in 6rneklem hatas1 0,05 ve %95 giiven araliginda t degeri 1,96 olup, incelenen olayin
gerceklesme olasiligr ile gerceklesmeme olasiligi olan p ve q degerleri sirastyla 0,70-0,30 olarak alinmistir. Cikan
sonucta o6rneklem sayis1 n=202,78 kisi olarak belirlendi. Ancak arastirmanin giivenirligini arttirmak ve gegersiz olan
anketlerin olabilecegi de goz oniinde tutularak, Mart-Ekim 2017 tarihleri arasinda 220 kisi ile dogrudan ve aracilar
yardimiyla yiiz yiize anket caligmasi yapildi.

Bu ¢alismada, katilimcilara Tiirkiye’deki hayvancilik politikalarinda veteriner fakiiltelerinin tistlendikleri rol
ile ilgili sorular ile hayvancilik sektdriiniin sorunlarina ve alinmasi gereken tedbirlerine iliskin sorular yonetilmis olup
verilen secenekler arasinda 6nem sirasina gore (1-10 arasinda) siralamalar istenmistir. Her bir puana belli bir agirlik
verilerek (6rn: 10 dan 1 kadar) her bir segenek i¢in toplam bir siralama elde edilmistir. Elde edilen veriler, tablolar
halinde sunulmus olup, kategorik verilerin degerlendirilmesinde Ki-kare analizi yapilmustir (9).

3. Bulgular

Veteriner fakiiltelerinde gorev alan kadin akademisyenlerle yapilan goriismelerde, katilimcilarin ortalama
37,80£7,99 (Min: 25, Max: 57) yasinda olduklar ve 12,57+7,89 (Min: 2, Max:32) yildir akademik faaliyetin i¢inde
olduklart belirlenmistir. Kadin akademisyenlerin hayvancilik politikalarmin belirlenmesinde ve uygulanma alam
icerisinde veteriner hekimlerin roliine iliskin goriislerine Tablo 1°de yer verilmistir.
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Tablo 1: Akademisyenlerin hayvancilik politikalarinin belirlenmesine iliskin goriisleri

Table 1: Opinions of academicians about the determination of animal husbandry policies

Hayvancilik politikalarinin belirlenmesinde veteriner hekimler etkin mi?*

Unvan Etkin Etkin degil Kismen Toplam
Prof. Dr. 6 (%14,0) 19 (%44,2) 18 (%41,8) 43
Dog. Dr. 9 (%20,9) 21 (%48,8) 13 (%30,3) 43
Dr. Ogretim Uyesi 10 (%19,6) 19 (%37.,3) 22 (%A43,1) 51
Dr. Aras. Gor. 7 (%17,1) 18 (%43.9) 16 (%39,0) 41
Aras. Gor. 14 (%33.3) 1 (%2,4) 27 (%64,3) 42
Toplam 46 (%20,9) 78 (%35.5) 96 (%643,6) 220

Veteriner Fakiilteleri hayvancilik politikalarina iligkin durum tespit ve ¢éziimiinde etkin mi?**

Prof. Dr. 5(%11,6) 23 (%53.5) 15 (%34.9) 43
Dog. Dr. 5(%11,6) 21 (%48,8) 17 (%39,5) 43
Dr. Ogretim Uyesi 6 (%11,7) 19 (%37.3) 26 (%51,0) 51
Dr. Ars. Gor. 6 (%14,6) 20 (%48,8) 15 (%36,6) 41
Ars. Gér. 12 (%28,6) 15 (%35,7) 15 (%35,7) 42
Toplam 34 (%15,5) 98 (%44,5) 88 (%40,0) 220

*X?= 27,461 p<0,01 p=0,001  ** X’= 10,550 p>0,05 p=0,229

Tablo 1 incelendiginde katilimcilarin %35,5’inin  veteriner hekimlerin hayvancilik politikalarinin
belirlenmesinde etkili olmadiklarinmi diislindiikleri goriilmektedir. Buna karsin aragtirma gorevlileri diger katilimcilara
gore daha yiiksek oranda kismen cevabini vermis olup, yapilan ki-kare analizinde de aradaki fark istatistiki agidan
6nemli bulunmustur (p<0,01). Tablo 1’de ayrica kadin akademisyenlerin {ilkenin hayvancilik politikalar1 ve gelecegine
iligkin durum tespiti ve ¢dziimiinde veteriner fakiiltelerinin roliine iliskin goriisleri incelendiginde ise istatistiki agidan
onemli bir fark olmamakla birlikte, katilimcilarin %44,5’inin etkin olmadiklarin diisiindiikleri goriilmektedir.

Yapilan goriismelerde, hayvancilik politikalarinin belirlenmesinde; veteriner hekimlerin ve veteriner
fakiiltelerinin ¢6ziim paydaslarinin arasinda yer verilmemesi, veteriner fakiilteleri ile Tarim ve Orman Bakanlig1
arasinda koordineli ¢aligmalarin yiiriitiilmemesi ile Tiirk Veteriner Hekimleri Birligi ve diger mesleki sivil toplum
orgiitlerinin bu ¢6ziim yolunda etkin olmamasinin bu sonuglarin nedenleri arasinda oldugu katilimcilari tarafindan ifade
edilmistir. Veteriner fakiiltelerinde yapilan ¢alisma/projelerin amaci ve sektore katkisina iliskin kadin akademisyenlerin
goriisleri Tablo 2°de verilmistir.
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Tablo 2: Kadin akademisyenlerin fakiiltelerde yapilan galisma/projelere iligkin gortisleri

Table 2: Opinions of female academics about studies / projects in faculties

Soru Frekans Yiizde
Genel olarak veteriner fakiiltelerinde yapilan Evet 61 27,7
caligma/projelerin hayvancilik sektoriine katkis1 oldugunu Hay1r 48 21,8
diigiiniiyor musunuz? Kismen 111 50,5

Sektoriin ihtiyaglar 7 3,2
Veteriner fakiiltelerinde yapilan proje/caligmalarda asil ama¢  Kariyer endisesi 135 61,4
nedir? Bilimsel 47 21,4
Hepsi 31 14,1
Hayvancilik sektoriiniin gelismesine katkida bulundugunu Evet 85 38,6
diislindiigliniiz projeleriniz var m1? Hay1r 135 61,4
Evet 59 26,8
Projeleriniz genelde sahaya m1 yonelik? Hayir 72 327
Kismen 89 40,5
Total 220 100

Katilimcilarla yapilan goriigmelerde; veteriner fakiiltelerinde yapilan ¢aligsma/projelerin hayvancilik sektoriine
katkist oldugunu diisiinenlerin oran1 %27,7 olarak belirlenmistir (Tablo 3). Yapilan anket ¢caligmada hayir ve kismen
cevabini veren katilimcilarin bu durumun nedenlerini belirtmeleri istendiginde verilen cevaplar sirasiyla; yapilan
caligma ve projelerin niteligi ve i¢eriginin saha yonelik olmamasi ve sektoriin ihtiyacina gore ¢alismalar yapilmamasi
genelde akademik yiikselme kriteri olarak goriilmesi, ¢alismalarin ¢ogunun yurtdisinda ispatlanmig tekrar niteliginde
olmasi, fakiilteler ile sektdr paydaslari arasinda koordinasyonun ve multidisipliner ¢aligmalarin yetersiz olmastydi.
Kadin akademisyenlerin %61,4’line gore yapilan proje ve calismalar kariyer endisesi ile yapilirken, sadece %3,2’si
sektoriin ihtiyaglar1 dogrultusunda yapildigini ifade etmistir.

Yapilan caligmada kadin akademisyenlerin unvanlarina gore hayvancilik politikalarina iliskin goériisleri Tablo
3’te verilmistir. Tablo 3 incelendiginde katilimeilarin %36,4’tinlin hayvancilik politikalarini yeterli bulmazken,
%33,6°s1 kismen yeterli oldugunu ve %30’ nun ise revize edilmesi gerektigini bildirmistir.
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Tablo 3: Akademisyenlerin unvanlarina gére hayvancilik politikalarina iligskin goriisleri

Table 3: Opinions on livestock politics according to academicians' titles

Hayvancilik Hayvancilik
Unvan politikalari yeterli  politikalart kismen ~ Hayvancilik politikalart Toplam
degil yeterli revize edilmeli
Prof. Dr. 20 (%A46,5) 8 (%18,6) 15 (%34,9) 43
Dog. Dr. 14 (%32,6) 14 (%32,6) 15 (%34,8) 43
Dr. Ogretim Uyesi 12 (%23,5) 22 (%A43,2) 17 (%33,3) 51
Dr. Aras. Gor. 21 (%51,2) 13 (%31,7) 7 (%17,1) 41
Aras. Gor. 13 (%31,1) 17 (%40,5) 12 (%28,6) 42
Toplam 80 (%36,4) 74 (%33,6) 66 (%30,0) 220

X= 14,612 p>0,05 p=0,06

Calismada katilimcilarin Tiirkiye’deki hayvancilik sektdriinii gelecek 10 yilda nerede gordiiklerine iliskin
goriisleri Tablo 4’te verilmistir. Tablo 4 incelendiginde; gelecek 10 yil i¢inde hayvancilik sektorii katilimeilarin
%40’ 1na gore ithalata daha da bagimli olacagi, %25’line gore bugilinkii mevcut durumun degismeyecegi, %22’sine gore
ise iiretim ve verim artis1 saglanmis, AB’ye uyumlu, alt yap1 sorunlarimi ¢6zmiis bir yapida olacag: diistiniilmektedir.

Tablo 4. Hayvancilik sektoriiniin gelecek 10 yilina iliskin akademisyenlerin goriisleri

Table 4. Opinions of academicians regarding the next 10 years of the livestock industry

Goriisler Frekans Yiizde
Ithalata daha bagimli 88 40,0
Degismez 54 24,6
Uretim ve verim artis1 31 14,1
AB uyumlu ve alt yap1 sorunlarini ¢ézmiis 17 7,7
Fikrim yok 30 13,6
Toplam 220 100,0

Kadm akademisyenlere gore hayvancilik sektoriiniin en 6nemli sorun ve/veya sorunlarinin énem siralamasi
Tablo 5’te verilmistir. Tablo 5 incelendiginde; kadin akademisyenlere gore Tiirkiye’deki hayvancilik sektériiniin en
6nemli sorunlari arasinda girdi maliyetlerinin (yem, mazot, giibre vb) yiiksek olmasi, iiretim ve pazarlama agamasinda
yasanan sorunlar ve ithalatin artarak devan etmesi gelmektedir. Katilimeilara gore sektoriin diger sorunlari arasinda;
verilen desteklemelerin yetersiz olmasi, igletme lgeklerinin kiigiik olmasi, tiretici bilgi diizeyinin diisiik olmasi ve
hayvan hastaliklar1 yer almaktadir.
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Tablo 5: Akademisyenlere gore hayvancilik sektoriiniin sorunlart

Table 5: According to academicians the problems of the livestock sector

Sektoriin sorunlari Puan Onem Siralamasi
Girdi maliyetlerinin yiiksek olmasi 1770 1
Uretim ve pazarlamaya iliskin alt yap1 sorunlari 1494 2
Ithalat varlig 1024 3
Fiyat istikrarsizlig1 ve kalite fiyat iliskisinin olmamasi 978 4
Hayvanciligin geleneksel yontemlerle yapilmasi 875 5
Araci sayisinin fazla olmasi ve kar marjlarinim ytiksekligi 785 6
Yem bitkileri {iretiminin yetersiz olmasi 552 7
Damuzlik hayvan materyalinin yeterli olmamasi 309 8
Uretici drgiitlenmesinin yetersiz olmasi 298 9
Diger nedenler 130 10

Yapilan anket ¢aligmasinda kadin akademisyenlerin %71,4’i hayvancilik sektdriine yonelik verilen tesvik ve
desteklemelere ragmen istenen iiretim ve verim artiginin saglanamadigini bildirmistir. Bunun nedenlerine iliskin
katilimcilarin goriisleri Tablo 6’da verilmistir. Tablo 6 incelendiginde, sektoriin gelisimindeki en 6nemli engeller
arasinda; girdi maliyetlerinin yiiksek olmasina karsin girdi maliyetlerini azaltict 6nlem ve desteklemelerin yetersiz
olmasi, iireticinin eline gegen para ile tiiketicinin satin aldig1 fiyat arasindaki farkliligin aracilarin eline gecmesi

gelmektedir.

Tablo 6: Hayvancilik sektoriinde iiretim ve verim artisinin dniindeki engeller

Table 6: Barriers to increase production and productivity in the livestock sector

Nedenler Puan Onem Siralamasi
Girdi maliyetlerini azaltmaya yonelik desteklemelerin az/yetersiz olmast 1570 1
Uretici fiyati ile piyasa fiyati arasindaki farki azaltici tedbirlerin alinmamasi 1224 2
Kalite fiyat iligkisinin istenen diizeyde olmamasi 768 3
Ureticinin 6niinii gorememesi- ithalat tehditi 539 4
Birgok iireticinin verilen destekler konusunda bilgisiz olmasi 450 5
Yanlis kisilere destek verilmesi 228 6

Veteriner fakiiltelerinde gorev alana kadin akademisyenlerin hayvancilik sektoriiniin yagadig: sorunlara iliskin
¢Ozlim Onerilerinin énem siralamasi Tablo 7°de verilmistir. Yapilan goriismelerde hayvancilik sektoriiniin yasadig:
sorunlara iliskin ¢6ziim Onerilerinin basinda; ithalattan vazgegilerek girdi maliyetlerinin azaltilmasi, Avrupa
Birligi’ndeki gibi pazar ve fiyat mekanizmasmin etkin hale getirilmesi ve {iretici Orgiitlenmesi gelmektedir.
Katilimcilara gore iiretimi artirmak i¢in ¢ig siit, besicilik ve kiigiikbag hayvancilikta kaliteyi ve iiretimi artiracak

desteklemeler onem arz etmektedir.
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Tablo 7: Akademisyenlerin hayvancilik sektoriiniin yagadigi sorunlara iliskin ¢6ziim onerileri

Table 7: Recommendations of academicians for solutions of livestock sector problems

Onem
Coziim onerileri Puan
siralamasi

Ithalattan vazgegilerek, girdi maliyetlerini azaltic1 desteklemelerin 1450 .
artirilmasi (yem, mazot, giibre vb)
Avrupa Birligine benzer pazar ve fiyat mekanizmasinin olusturulmasi 1431 2
Etkin bir orgiitlenmenin tegvik edilmesi 1295 3
Uretim ve kaliteyi artirict desteklemeler

-Cig siit desteklerinin artirilmasi 1288 4

-Besicilige verilen desteklerin artirilmasi 1020 5

-Kiigtikbas hayvan yetistiriciliginin 6zendirilmesi 875 6

4. Tartisma ve Sonuc¢

Yapilan goriismelerde, Tiirkiye’nin mevcut hayvancilik politikalar1 ile bu politikalarin yarmlarina iliskin
durum tespiti ve ¢dziimii noktalarinda veteriner hekimlerin yeterince etkin olmadigini diisiinen kadin akademisyenlerin
orant %35,5 iken, bu oran veteriner fakiilteleri i¢in %44,5’e ¢iktigt belirlenmistir (Tablo 1). Yapilan goriismelerde
ozellikle hayvancilik politikalarinin belirlenmesinde; veteriner hekimlerin ve veteriner fakiiltelerin goriiglerinin
alinmamasi, veteriner fakiilteleri ile Bakanlik arasinda koordineli ¢alismalarin yiiriitilmemesi ve mesleki sivil toplum
orgiitlerinin bu ¢dziim yolunda etkin olmadiklar: ifade edilmistir. Ozellikle sivil toplum kuruluslarmin politika
belirlemede rolleri olduk¢a Onemli boyutlarda olup, hayvancilik sektoriine yonelik uygulanan politikalarin
yonlendirilmesi konusunda baski grubu olusturmalari, sorunlarin ¢dziimii noktasinda goriis Oneri ve/veya proje
gelistirme yoluyla politika belirleme siirecine daha etkin olarak katilimlari 6nem arz etmektedir.

Yapilan ¢alismada, dzellikle arastirma gorevlilerinin goriisleri 6gretim iiyelerine kiyasla; veteriner hekimlik
mesleginin gelecegine ve hayvancilik politikalarinin belirlenmesinde daha iyimser olduklari belirlenmistir. Bu durum,
akademik kariyer basamaklarinin baslangicinda yer alan arastirma gorevlilerinin daha idealist ve neden-sonug
iliskisinde mesleki deneyimlemelerinin mevcut tabloyu okuma ve degerlendirme tecriibelerinin meslekte yillarini
gecirmis olan dgretim iiyelerine gore daha yetersiz olmalari ile agiklanabilir.

Katilimcilarla yapilan goriigmelerde; veteriner fakiiltelerinde gergeklestirilen ¢alisma/projelerin hayvancilik
sektoriine katkisinin oldugu diisiincesinin %27,7 olarak belirlenmistir (Tablo 2). Yapilan ¢alismada ¢aligma/projelerin
sektore katkis1 olmadigini diisiinenlere gére bu durumun baslica nedenleri arasinda, ¢alisma ve projelerin genelde
sahaya ve sektoriin sorunlarinin ¢dzlimiine yonelik olmayip daha ¢ok akademik kariyer saglamayi amaclayan ve
birbirini tekrarlayan ¢alismalar olmasi, ¢aligmalarin pratikte uygulanabilir olmamasi ve iiniversite-sektor paydaslar
arasindaki bilgi paylasimlarinin yetersizligi gelmektedir. Nitekim yapilan ¢alismada da bu durum bir 6zelestiri niteligi
tagimakla birlikte katilimcilardan sadece %26,8’inin sahaya yonelik ¢alismalari gergeklestirdikleri (Tablo 2) ve bu
bilim alanlarmin da genelde hayvan besleme ve zootekni ile klinik bilimleri boliimlerinde gorev alan akademisyenler
oldugu tespit edilmistir.

Ulkelerin geligmislik diizeylerine gore degiskenlik gostermekle birlikte, tarim ve hayvancilik politikalarmin
genel amacy; iireticilere belli bir yasam standardi saglama ile tiiketicilere de uygun fiyatla yeterli miktarda iiriin arzini
garanti etme seklinde 6zetlenebilir (6). Demirkol (4) ¢aligmasinda, diinden bugiine Tiirkiye’de uygulanan hayvancilik
politikalarinda iiretimi ve {iiretici gelirini yeterince artiracak destek ve tesviklerin olmamasinin uygulamalarin
etkinligini diisiirdiigiinii bildirmis iken, Dogan ve Altuntag (5) caligmalarinda, son yillarda donemsel olarak kriz
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seklinde boy gosteren kirmizi et fiyatlarindaki artisi dogrudan hayvancilik politikalarina baglanabilecegini ifade
etmistir. TOBB (12) raporuna gore sektor paydaslar1 arasindaki dengenin kurulamamasi ve koordinasyon eksikligi,
kuruluslarin yapisal sorunlari ile uygulamalarda yasanan aksakliklar, personel sayisinin yetersizligi politikalarin etkili
olarak yerine getirilmesini engellemektedir. Bu c¢aligma sonuglarina paralel olarak yapilan goriismelerde de
katilimcilarin ¢ogunlugunun hayvancilik politikalarini yeterli bulmadig: ve revize edilmesi gerektigi tespit edilmistir
(Tablo 3). Nitekim iilkemizde girdi maliyetlerinin her gecen yil artmasina karsin iireticilerin kar oranlarinin azalmasi
hatta zarar etmesi, siit/yem paritesinin istenen diizeyin ¢ok altinda olmasi ve her yil artan kirmizi et ihtiyacinin ithalat
yoluyla karsilanmasi, uygulanan yanlis {iretim politikalarinin bir sonucu olarak degerlendirilebilir.

Ocakli ve ark.(8) caligmalarinda, gerekli hayvancilik politikalar1 ile hayvansal iriin ve girdi fiyatlarinda
piyasada istikrar saglanmaz ve et ithalatina devam edilirse, hayvancilikta yaratacagi olumsuzluklardan dolay1 birgok
iireticinin hayvanciliktan ¢ekilmesine yol agarak, hayvansal {irlinlerde tamamen ithalatgt bir iilke konumuna
diisiilecegini ifade etmistir. Bu ¢aligma sonucuna benzer olarak, akademisyenlerle yapilan goriismelerde, uygulanan
hayvancilik politikalarini yetersiz bulanlarin 6nemli bir kismu1 gelecek on yil i¢inde, hayvancilik sektdrii ithalata daha
da bagimli olacagini bildirmistir (Tablo 4). Bununla birlikte geri kalan katilimcilar, hayvancilik politikalarinin revize
edilmesi halinde sektorde tiretim ve verim artig1 saglanacagini diisiindiiklerini ifade etmislerdir. Bu ac¢idan Tiirkiye’de
hayvancilik sektoriiniin Avrupa Birligi’ne uyumlu hale getirilerek, alt yap1 sorunlarini ¢6zme yo6niinde adimlarin en
kisa zamanda atilmasinin sektorii nemli 6l¢iide rahatlatacagi diigiiniilmektedir.

Ulke ekonomisi ve kirsal kalkinma agisindan énemli olan hayvancilik sektdriiniin sorunlarinin tespit edilip
uluslararasi gelismeler dogrultusunda uygulanan politikalarin yeniden diizenlenmesi gerekmektedir (3). Bu baglamda
veteriner fakiiltesinde ¢alisan kadin akademisyenlere gore de Tiirkiye’deki hayvancilik sektdriiniin en énemli sorunlari
arasinda girdi maliyetlerinin (yem, mazot, giibre vb) yiiksek olmasi, iiretim ve pazarlama agamasinda yasanan sorunlar
ve ithalatin artarak devam etmesi gelmektedir (Tablo 5). Fiyat istikrarsizligi ve kalite fiyat iliskisinin olmamasi,
hayvanciligin hala geleneksel yontemlerle yapilmasi, araci sayisinin fazla olmasi ve kar marjlarinin ytiksekligi ise diger
onemli sorunlar arasinda yer almaktadir.

Hayvancilik sektoriiniin gelismesinde en onemli etken devlet destekleridir. Yapilan g¢alismada kadin
akademisyenlerin %71,4’line gore hayvancilik sektoriine yonelik verilen tesvik ve desteklemelere ragmen istenen
basar1 saglanamamistir. Bu sonuca neden olarak da; yeterli ve tutarli bir iiretim politikasinin izlenememesi, girdi
maliyetlerinin yiiksek olmasina karsin, girdi maliyetlerini azaltic1 6nlem ve desteklemelerin yetersiz kalmast, lireticinin
eline gegen para ile tiiketicinin satin aldig fiyat arasindaki dengesizligin aracilarin lehine donmesi ile bunlara ek olarak
devam eden ithalat varligi ile {ireticinin ¢ikmazlar: gelmektedir. Elde edilen bu veriler Tan ve Karadnder’in (11), Halis
ve Bilgin (7) ¢alisma bulgulari ile benzerlik gostermektedir. Nitekim son donemlerde verilen hayvancilik destekleri,
yatirim tegvikleri 6nemli dl¢ilide artirilmig olmasina ragmen istenen dlgiide iiretim ve verim artig1 saglanamadigi gibi
sektoriin ithalata bagimli bir hale geldigi sdylenebilir.

Yapilan goriismelerde hayvancilik sektoriiniin yagadigi sorunlara iligkin ¢6ziim 6nerilerinin baginda; ithalattan
vazgegcilerek girdi maliyetlerinin azaltilmasi, Avrupa Birligi’ndeki gibi pazar ve fiyat mekanizmasinin etkin hale
getirilerek temel fiyat {izerinden miidahale alimlarinin yapilmas: ve iretici orgiitlenmesi gelmektedir (Tablo 7).
Katilimcilara gore iiretimi artirmak i¢in ¢ig siit, besicilik ve kiigiikbag hayvancilikta kaliteyi ve iiretimi artiracak
desteklemeler 6nem arz etmektedir. Aydin ve ark. (1) ¢alismalarinda, Tiirkiye’de sigir ve koyun besisini tesvik etmek
amactyla gerekli altyapt ve denetleme mekanizmasi olusturularak et tesvik primi uygulamasinda devamliligin
saglanmasinin faydali olacagini bildirmislerdir. Bu baglamda Tiirkiye’deki hayvansal {irlinlerde Avrupa Birligindeki
yaplya benzer olarak piyasa diizenlerinin olusturularak fiyat istikrarinin saglanmasi, planlt ve etkin bir destekleme
modelinin olusturulmasinin 6nem arz etmektedir. Hayvancilik sektoriinde hayvansal {iriinleri yiiksek verimli ve kaliteli
bir yapiya kavusturulmasinda soézlesmeli yetistiricilik 6zendirilmelidir. Ancak bu yapida iiretici kooperatiflerinin
iretimden pazarlama siirecine kadarki asamalarinda etkinliginin artirilmasi 6nem kazanmaktadir. Nitekim kirsal
kalkinma ve buna bagli ekonomik kalkinmada en 6nemli araglardan biri de iiretici orgiitleridir (11). Bu da ancak
iireticilerin tabela kooperatifler yerine liretimden pazarlamaya kadar etkin ve yetkin olacak sekilde orgiitlenmeleri ile
miimkiin olabilecektir.
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Bu ¢alisma ile veteriner fakiiltelerinde gorev alan kadin akademisyenlerin hayvancilik sektoriine iliskin
katkilar1 ve sektore bakis agilar1 kapsamli bir sekilde incelenmis olup, onemli bulduklari sektérel problemler ve ¢dziim
oOnerileri ortaya konmustur. Sonug olarak, veteriner hekimligi egitimine olan katkilar1 kadar yaptiklar1 birgok bilimsel
caligma ile gerek hayvancilik sektoriine gerekse iilkenin kalkinmasina katki saglayan kadin akademisyenlere gore,
Tiirkiye genelinde kirmizi et ve siit iiretiminde, {iretim maliyetini azaltici, verim ve kaliteyi tesvik edici hayvancilik
politikalarinin siiratle hayata gegirilerek, hayvanlarin ve tiretimin kayit altina alinmasi, hayvansal iriinlerde kalite ve
hijyen konularinda iyilesme ve pazar fiyat1 istikrarinin saglanmasi gerekmektedir. Bunun yaninda koyun ve keci
yetistiriciligine gereken destek ve tesvikini artirtlarak devam ettirilmesi 6nem kazanmaktadir. Bu degerlendirmeler
1s181nda; Tiirkiye’nin dogru hayvancilik politikalarinin karar asamasinda sektoriin tiim bilesenleri gibi hayvancilik
temelinde kurulum gosteren mesleki sivil orgiitleri ve akademisyenlerin de bu paydaslar arasinda yer alarak, bilimsel
ve ekonomik temellerin biran dnce atilmas: gerektigi séylenebilir.
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Biyoetanol basta musir olmak iizere bugday, arpa, ¢avdar gibi tahillardaki nisastanin fermente edilmesi sonucunda elde
edilmektedir. Islem sonunda ise kurutulmus damitma ¢dziiniirlii daneleri (DDGS) olarak isimlendirilen protein, yag, seliiloz ve
mineral diizeyleri taneye gore daha yiiksek olan bir hammadde elde edilmektedir. Besin madde kompozisyonuna ve maliyetlerine
bagli olarak, ozellikle musir kaynakli DDGS’nin karma yemlerde kullanimi giderek artmaktadir. Bu ¢alismanin amaci baslangig
(% 0 ve 3), biiytitme (% 0, 3 ve 6) ve bitirme donemi (% 0, 3, 6, 9 ve 12) rasyonlarma artan diizeylerde ilave edilen misir
DDGS’nin karma yem maliyetleri ile broyler performansi ve karkas parametreleri iizerine olan etkisini arastirilmasidir.
Aragtirmada hayvan materyali olarak 280 adet Ross 308 erkek broyler civciv kullanilmistir. Her biri 56 civeivden olusan 5 grup
diizenlenmistir. Her bir grup 8 civcivden olusan 7 tekerriir grubuna ayrilmistir. Baslangig, biiyiitme ve bitirme dénemleri dikkate
alindiginda rasyonlarda artan diizeylerde DDGS kullanimimin canli agirlik, canli agirlik artisi, yem tiiketimi ve yem doniisim
orani iizerine herhangi bir olumsuz etkisinin olmadig1 goriilmiistiir. Rasyonlarda artan diizeyde DDGS kullaniminin kanat agirlig
ve kanat yiizdesini lineer olarak arttirdig1 tespit edilmistir. Ancak gozlenen bu farklilik disinda incelenen diger karkas
parametrelerinde ve organ agirliklarinda anlamli bir farklilik kaydedilmemigtir. Karma yem maliyetleri incelendiginde baslangg,
biiyiitme ve bitirme dénemi rasyonlarinda artan diizeylerde DDGS kullanimimin maliyetleri diisiirdiigii sonucuna varilmustir.
Sonug olarak, elde edilen veriler incelendiginde, rasyonlara DDGS ilavesinin (baslangig, biiyilitme ve bitirme rasyonlarina
sirastyla %3, %6 ve %12 diizeylerinde) iyi tolere edildigi tespit edilmistir. Rasyonlarda DDGS kullaniminn, dzellikle tam yagh
soya ve soya kiispesi fiyatlarinin yiiksek oldugu durumlarda, broyler performansina herhangi bir olumsuz etkisi olmadan, fiyat
avantaji saglayabilecegi ve karma yem iiretim maliyetini diisiirebilecegi sonucuna varilmugtir.

Investigation of the effect of dietary DDGS supplementation on compound feed costs
and broiler performance and carcass parameters

ABSTRACT:

Bioethanol is derived as a result of fermentation of starch in cereals such as wheat, barley, rye, and corn. At the end of
the process, a raw material with higher levels of protein, fat, cellulose, and minerals, called dried distillation grain soluble
(DDGS), is obtained. Depending on the composition and costs of nutrients, the use of DDGS, especially from corn, in
compound feeds is gradually increasing. The aim of this study was to investigate the graded dietary supplementation of
corn DDGS on cost of diet production, broiler performance and carcass characteristics during starter (0 and 3%), grower
(0, 3 and 6%) and finisher (0, 3, 6, 9 and 12%) periods. A total of 280 one-day-old male broiler chickens were randomly
assigned to 5 different treatments, with 7 replicates including 8 birds each. When the starting, growing and finishing
periods were taken into consideration, it was seen that increasing DDGS usage in diets had no negative effect on live
weight, live weight gain, feed intake and feed conversion ratio. Birds supplemented with an increasing level of DDGS
showed an increase in wing weight and wing yield. However, apart from this observed difference, no significant difference
was observed in other carcass parameters and organ weights. When compound feed costs were examined, it was observed
that graded dietary DDGS usage decreased the costs of the starter, grower and finisher diets. It was found that the addition
of DDGS (3%, 6% and 12% to starter, grower and finisher diets, respectively) was well tolerated. It has been concluded
that the use of DDGS in diets can provide price advantage and reduce the cost of compound feed production without any
negative effect on broiler performance, especially in case of high prices of whole-fat soybean and soybean meal.
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1. Giris

Kanatli eti ve yumurta, diinyada artan protein tiiketimini karsilama noktasinda en ucuz hayvansal kaynaklar

arasinda siralanmaktadir. Tavuk eti iiretimi ve kisi basina diisen tiikketim miktar1 diinya genelinde her gegen yil
artmaktadir. Benzer tablo Tiirkiye i¢in de gegerli olup, 2000-2018 yillar1 arasinda pilig eti tiretiminin 643,457 tondan
2,156,669 tona ulastigi, kisi basina diisen pilig¢ eti tiiketiminin ise 9.34 kg’dan 21.13 kg’a ¢iktig1 goriilmektedir (7).
Kanatl yetistiriciliginde toplam giderlerin yaklasik %50-70’ini yem giderleri olusturmaktadir. Tahil taneleri ve yagh
tohum kiispeleri ise karma yemlerde en biiyiik oranda yer alan hammaddeler olup rasyon maliyetlerini nemli diizeyde
etkilemektedirler (16). Bu temel yem hammaddelerinin yani sira, insan tiikketimine uygun olmayan endiistriyel yan
griinlerin hayvan yemi olarak kullanimlarmin yaygimlasmasi kiiresel olarak artan hayvansal protein talebinin
stirdiiriilebilir bir sekilde karsilanmasina katki saglayacagi agiktir (16).
Fosil yakit kaynaklarinin azalmasi ve artan maliyetler sebebi ile diinya genelinde biyoetanol kullanim1 yayginlasmistir
(4). Biyoetanol basta misir olmak iizere bugday, arpa, ¢avdar gibi tahillardaki nisastanin fermente edilmesi sonucunda
elde edilmektedir. Islem sonunda ise kurutulmus damitma ¢oziiniirlii daneleri (DDGS - distillers dried grains with
solubles) olarak isimlendirilen protein (%25.2-33.5), yag (%7.1-15.7), seliiloz (%6-9.9) ve mineral diizeyleri taneye
gore daha yiiksek olan bir hammadde elde edilmektedir (10, 16, 19). Ancak son yillarda etanol {iretimi agamalarina
yeni teknolojik basamaklar ilave edilmek suretiyle yagin bir kismi1 son {irlinden alinarak diisiik yag (%2.2-6.5) icerikli
musir DDGS’i seklinde de piyasaya siiriilmektedir (11, 17) Besin madde kompozisyonu ve maliyetler dikkate
alindiginda ozellikle misir kaynaklt DDGS’nin hayvan besleme alaninda kullaniminin giderek arttigr goriilmektedir
(1). Ancak, kuluckadan ¢ikan civcivlerin sindirim sistemleri 2. haftadan sonra tam bir fonksiyonellik kazandig1 i¢in
ozellikle baslangic donemi rasyonlarinda kullanilan yem hammaddelerinin kalitesi ve sindirilebilirligine dikkat
edilmedir (5). DDGS’in seliiloz igeriginin yiiksek olmasi, esansiyel aminoasit bilesimi ve oOzellikle de lizin
sindirilenbilirliginin diisiik olmasi (%50-65 diizeylerinde) (2) sebebiyle sindirim sistemi heniiz tam olarak islevsel
olmayan ve daha yiiksek diizeyde sindirilebilir amino asite ihtiya¢ duyan civcivlerin baglangi¢ rasyonlarinda bitirme
donemi rasyonlarina gore daha diisiik diizeylerde kullanilmasi 6nerilmektir.

Broyler rasyonlarinda farkli diizeylerde misir kaynakli DDGS kullaniminin performans ve karkas
parametreleri iizerine olan etkisi uzun yillardir aragtirilmaktadir. Wang ve ark. (20) iyi kaliteli DDGS’nin broyler
rasyonlarinda %15-20 diizeylerine kadar kullanilabilecegini, ancak bu diizeylerin performansi bir miktar olumsuz
etkiledigini belirtmistir. Youssef ve ark. (21) biiyiitme ve bitirme donemi broyler rasyonlarinda artan diizeyde DDGS
kullaniminin performans ve ham protein sindirilebilirligi {izerine olumsuz bir etkisi olmadigini, ancak %15
diizeylerinde kullaniminin yem doniisiim oranini olumsuz yonde etkiledigini bildirmislerdir. Baslangic (0-14), biiyiitme
(15-21) ve bitirme (22-33) donemi rasyonlarina standart diizeylere (sirasiyla %5, 7 ve 9) karsin yiiksek diizeyde (%S,
10 ve 12) misir DDGS’i kullaniminin ise broyler performansini olumsuz yonde etkiledigi sonucuna varilmistir (9).

Bu caligmanin amact baglangic (%0 ve 3), biiylitme (%0, 3 ve 6) ve bitirme donemi (%0, 3, 6, 9 ve 12)
rasyonlarina artan diizeylerde ilave edilen misir DDGS’nin karma yem maliyetleri ile broyler performansi ve karkas
parametreleri iizerine olan etkisinin aragtirilmasidir.

2. Gerec¢ ve Yontem
Hayvan ve yem materyali:

Arastirmada hayvan materyali olarak 280 adet Ross 308 erkek broyler civciv kullanilmistir. Her biri 56
civcivden olusan 5 grup diizenlenmistir. Her bir grup 8 civcivden olusan 7 tekerriir grubuna ayrilmistir. Deneme, 35
bdlmede, bir kontrol (TRT1), dort deneme grubu (TRT2, TRT3, TRT4 ve TRTS) olacak sekilde toplamda 35 bolmede
(90x80%80 cm/bdlme) yiiriitilmiistiir. Deneme siiresince kiimes sicakligi ve aydinlatma protokolil ticari kosullar
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dikkate almarak ayarlanmistir. Calisma, Ankara Universitesi Hayvan Deneyleri Yerel Etik Kurulu’nun 2019-14-128
sayil1 izini dogrultusunda gergeklestirilmistir.
Baslangic (0-10 giin), bilyilitme (11-24 giin) ve bitirme (25-42 giin) donemi rasyonlart Ross 308 besin madde
gereksinimleri dikkate alinarak formiile edilmistir (3). Kontrol grubuna DDGS ilave edilmezken, deneme rasyonlarina
baslangi¢ doneminde %3, biiyilitme doneminde %3 ve 6, bitirme doneminde ise %3, 6, 9 ve 12 diizeylerinde DDGS
ilave edilmistir. Deneme gruplar1 detayli olarak Tablo 1’de gosterilmistir. Arastirmada kullanilan DDGS’in besin
madde bilesimi (Tablo 2) ve baslangig, biiyiitme (Tablo 3) bitirme (Tablo 4) dénemi rasyonlarinin kompozisyonu
tablolarda verilmistir. Yemler toz formunda hazirlanmistir. Yem ve su ad libitum olarak tiiketime sunulmustur.
Rasyonlarda kullanilan hammaddelerin Eyliil 2019 tarihindeki giincel fabrika giris maliyetleri dikkate alinarak karma
yem iiretim maliyetleri hesaplanmustir.

Hayvanlarin canli agirliklart (CA) ve yem tiikketimleri (YT) arastirmaninin 0., 10., 24., ve 42. giinlerinde
belirlenmistir. Hayvanlar giinde en az iki defa kontrol edilmis ve meydana gelen dliimler kayit edilmistir. Elde edilen
degerler kullanilarak canli agirlik artigsi (CAA) ve yem doniisiim orani (YDO) hesaplanmuistir.

Tablo 1: Deneme Gruplari
Table 1: Treatment groups

Baslangig Biiyiitme Bitirme
Gruplar
(0-10) (11-24) (25-42)
TRTI DDGS 0% DDGS 0% DDGS 0%
TRT2 DDGS 3% DDGS 3% DDGS 3%
TRT3 DDGS 3% DDGS 6% DDGS 6%
TRT4 DDGS 3% DDGS 6% DDGS 9%
TRTS DDGS 3% DDGS 6% DDGS 12%

Tablo 2: DDGS’nin besin madde komposizyonu
Table 2: Nutritional composition of DDGS

Besin Maddesi %
Kuru Madde 88,60
Ham Protein 27,35
Ham Yag 9,00
Ham Kiil 5,20
Ham Seliiloz 6,85
ADF 10,80
NDF 32,00
ADL 2,01
Nisasta 6,65

Kesim islemi ve karkas 6zelliklerinin belirlenmesi:

Aragstirmanin 42. giiniinde her alt gruptan 2 adet civciv alt grup agirlik ortalamasi dikkate alinarak secilmistir.
Toplamda 70 adet hayvan karkas parametreleri ve organ agirliklarinin degerlendirilmesi amaciyla uygun yontemler ile
kesilmistir. Arastirmanin 42. giiniinde kesilen her hayvana ait but, kanat, gégiis pargalar ile karaciger, dalak ve
abdominal yag kisimlari tartilarak agirliklar belirlenistir. S6z konusu karkas boliimlerinin ve organlarin agirliklar
kesim Oncesi canlt agirliklara boliinerek, oranlari hesaplanmistir.
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istatistik analizler:

Elde edilen verilerin tanimlayici istatistikleri yapilmistir. Onemlilik testlerine gegilmeden once elde edilen
degiskenler, parametrik test varsayimlarindan normallik varsayimi i¢in Shapiro Wilk testi, varyanslarin homojenligi
varsayimi i¢in ise Levene testi ile kontrol edilmistir. Gruplara ait istatistiksel hesaplamalar ve gruplarin ortalama
degerleri arasindaki farkliliklarin dnemliligi i¢in tek yonlii varyans analizi (ANOVA), gruplar arasi farkin dnemlilik
kontrolii i¢in ise ileri asama (post-hoc) testi olarak Tukey testi uygulanmistir. Gruplar arasinda mortalite oran
bakimindan bir farkliligin olup olmadiginin kontroliinde Ki-Kare testi kullanilmigtir. Tiim istatistik analizler minimum
%S5 hata pay1 ile degerlendirilmis ve istatistik analizler i¢in SPSS 14.01 paket programindan yararlanilmistir.

Tablo 3: Baslangic ve bilyiitme rasyonlarmin komposizyonu ve besin madde bilesimi (0-10 ve 11-24. giinler)
Table 3: Ingredient and calculated nutrient composition of starter and grower diets (d 0 to 10 and 11 to 24)

Baslangic Biiytitme
0-10. giinler 11-24. giinler
Hammaddeler, % DDGS %0 DDGS %3 DDGS %0 DDGS %3 DDGS %6

Misir 44,86 43,35 47,57 46,07 44,77
Soya Kiispesi 28,60 26,60 20,80 19,00 17,20
Tam Yagl Soya 9,10 9,60 14,70 14,90 15,00
Bonkalit 10,00 10,00 10,00 10,00 10,00
Kirik Piring 4,00 4,00 4,00 4,00 4,00

DDGS 0 3,00 0 3,00 6,00

Soya Yag1 0 0 0 0,100 0,100
DCP 1,02 0,947 0,748 0,673 0,598
Kirectas1 0,810 0,870 0,750 0,810 0,870
DL-Metiyonin 0,379 0,372 0,318 0,311 0,304
L-Lizin 0,333 0,366 0,252 0,285 0,318
L-Threonin 0,148 0,150 0,113 0,116 0,118
Tuz 0,224 0,205 0,247 0,228 0,209
Vit-Min Premiks (DSM) 0,250 0,250 0,250 0,250 0,250
Multienzim 0,100 0,100 0,100 0,100 0,100
Soydum Bikarbonat 0,126 0,135 0,098 0,107 0,116
Antikoksidiyal (Sacox) 0,050 0,050 0,050 0,050 0,050
Toplam 100 100 100 100 100

Besin Madde Bilesimi

Kuru madde, % 88,68 88,72 88,71 88,75 88,76
Ham Protein, % 22,98 23,00 21,53 21,52 21,50
Lizin,% 1,44 1,44 1,29 1,29 1,29
Metiyonin, % 0,71 0,71 0,63 0,63 0,63

Threonin, % 0,97 0,97 0,88 0,88 0,88
Kalsiyum, % 0,96 0,96 0,87 0,87 0,87
Yararlanilabilir P, % 0,48 0,48 0,43 0,43 0,43

Enerji, kcal/kg 3.000 3.000 3100 3100 3100

Rasyonun ger bir kg’da: vitamin A, 15,000 IU, vitamin D3, 5,000 IU; vitamin E, 100 mg; vitamin K3, 3 mg; thiamin, 5 mg; riboflavin, 8§ mg, pyridoxine, 5
mg; pantothenic acid, 16 mg; niacin, 60 mg; folic acid, 2 mg; biotin, 200 ug; vitamin B12, 20 ug; Cu, 16 mg; I, 1.5 mg, Co, 500 ug; Se, 350 ug, Fe, 60 mg;
Zn, 100 mg; Mn, 120 mg; Mo, 1 mg.
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Tablo 4: Bitirme rasyonlarinin kompozisyonu ve besin madde bilesimi (25-42. giinler)
Table 4: Ingredient and calculated nutrient composition of finisher diet (d 25 to 42)

TRTI TRT2 TRT3 TRT4 TRT5

Hammaddeler, % DDGS 0%  DDGS3%  DDGS6%  DDGS9%  DDGS 12%
Misir 53,32 51,82 50,31 49,01 47,50
Soya Kiispesi 19,60 18,00 16,40 14,70 13,10
Tam Yagh Soya 10,00 10,00 10,00 10,00 10,00
Bonkalit 9,00 9,00 9,00 9,00 9,00
Kirik Piring 4,00 4,00 4,00 4,00 4,00
DDGS 0 3,00 6,00 9,00 12,00
Soya Yagi 1,50 1,60 1,70 1,70 1,80
DCP 0,558 0,483 0,408 0,332 0,257
Kiregtasi 0,710 0,770 0,830 0,890 0,950
DL-Metiyonin 0,285 0,278 0,271 0,264 0,257
L-Lizin 0,245 0,278 0,311 0,345 0,378
L-Threonin 0,088 0,090 0,093 0,096 0,099
Tuz 0,248 0,229 0,210 0,191 0,172
Vit-Min Premiks 0,250 0,250 0,250 0,250 0,250
Multienzim 0,100 0100 0,100 0,100 0,100
Soydum Bikarbonat 0,096 0,105 0,115 0,124 0,133
Toplam 100 100 100 100 100

Besin Madde Bilesimi
Kuru madde, % 88,60 88,63 88,67 88,68 88,71
Ham Protein, % 19,48 19,50 19,51 19,50 19,51
Lizin,% 1,16 1,16 1,16 1,16 1,16
Metiyonin, % 0,58 0,58 0,57 0,57 0,57
Threonin, % 0,78 0,78 0,78 0,78 0,78
Kalsiyum, % 0,79 0,79 0,79 0,79 0,79
Yararlanilabilir P, % 0,39 0,39 0,39 0,39 0,39
Enerji, kcal/kg 3.200 3.201 3.201 3.198 3.198

Rasyonun ger bir kg’da: vitamin A, 15,000 1U, vitamin D3, 5,000 IU; vitamin E, 100 mg; vitamin K3, 3 mg; thiamin, 5 mg; riboflavin, 8 mg, pyridoxine, 5
mg; pantothenic acid, 16 mg; niacin, 60 mg; folic acid, 2 mg; biotin, 200 ug; vitamin B12, 20 ug, Cu, 16 mg, I, 1.5 mg, Co, 500 ug; Se, 350 ug, Fe, 60 mg;
Zn, 100 mg; Mn, 120 mg; Mo, 1 mg.

3. Bulgular

Baglangi¢ (0-10. giinler) ve biiyiitme donemi (11-24. giinler) dikkate alindiginda rasyonlarda sirasiyla %3 ve
6 diizeyinde DDGS kullanimmin CA, CAA, YT ve YDO oram iizerine herhangi bir olumsuz etkisi olmadi tespit
edilmistir (Tablo 5 ve Tablo 6). Benzer sekilde, bitirme donemi (25-42. giinler) rasyonlarinda %0, 3, 6, 9 ve 12
diizeylerinde DDGS kullaniminin CA, CAA, YT ve YDO iizerine olumsuz bir etkisi olmadig1 gériilmiistiir (Tablo 7).
Tiim deneme siiresince ortalama 6liim oran1 %2’nin altinda tespit edilmis ve gruplar arasinda anlamli bir farklilik
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gozlenmemistir (P = 0.254). Rasyonlarda artan diizeyde DDGS kullaniminin kanat agirlig1 ve kanat yiizdesini arttirdigt
tespit edilmistir. Gozlenen bu farkliligin disinda incelenen diger karkas parametrelerinde ve organ agirliklarinda
anlamli bir farklilik tespit edilmemistir (Tablo 8). Ayrica, baslangig, bilyiitme ve bitirme donemi rasyonlarinda artan
diizeyde DDGS kullaniminin karma yem iiretim maliyetlerini azalttig1 tespit edilmistir (Grafik 1).

Tablo 5. Rasyonlarda DDGS kullaniminin broyler performansi tizerine etkisi (0-10. giinler)

Table 5: Effects of dietary DDGS supplementation on broiler performance (d 0-10)

0-10. giinler

Deneme Gruplari

DDGS %0 DDGS %3 P
Canli Agirlik, 10. giin (g) 262,4+7,21 270,4 £2,35 0,182
Canlt Agirlik Artigi, 0-10. giin (g) 219,1+7,15 227,1+2,34 0,182
Yem Tiiketimi, 0-10. giin (g) 270,2 + 10,29 273,9 + 3,07 0,639
Yem Doniistim Orani, 0-10. giin (g/g) 1,231+ 0,02 1,209 + 0,01 0,433

Tablo 6: Rasyonlarda DDGS kullaniminin broyler performansi tizerine etkisi (11-24. ve 0-24. giinler)
Table 6: Effects of dietary DDGS supplementation on broiler performance (d 11-24 and d 0-24)

11-24. giinler ve 0-24. giinler

Deneme Gruplari

DDGS DDGS DDGS

%0 %3 %6 SEM r . Q
CAA, 11-24. giin (g) 909.,9 901,7 908,0 12,10 0,975 0,953 0,822
YT, 11-24. giin (g) 1324,5 1377,5 1356,2 15,90 0,581 0,452 0,379
YDO, 11-24. giin (g/g) 1,460 1,531 1,497 0,01 0,267 0,305 0,141
CA, 24. giin (g) 1172,3 1181,3 1175,3 13,71 0,978 0,935 0,837
CAA, 0-24. giin (g) 1129,0 1138,1 1132,0 13,70 0,978 0,936 0,836
YT, 0-24. giin (g) 1594,7 1658,6 1627,7 17,71 0,535 0,480 0,313
YDO, 0-24. giin (g/g) 1,416 1,460 1,440 0,01 0,505 0,443 0,299

CA: Canl1 Agirlik, CAA: Canli Agirlik Artisi, YT: Yem Tiiketimi, YDO: Yem Doniisiim Orani, L: Lineer, Q: Kuadratik
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Tablo 7: Rasyonlarda DDGS kullanimmin broyler performans: iizerine etkisi (25-42. ve 0-42. giinler)

Table 7: Effects of dietary DDGS supplementation on broiler performance (d 25-42 and d 0-42)

25-42. ve 0-42. giinler

Deneme Gruplari

DDGS DDGS DDGS DDGS DDGS

%0 %3 %6 %9 %12 SEM ’ L Q
CAA, 25-42. giin 1785,5 1823,1  1811,5 1781,1 17715 11,45 0,599 0,402 0,255
YT, 25-42. giin 2941,3  3022,2 3059,2 3002,5 3009,0 21,36 0,547 0,456 0,190
YDO, 25-42. giin 1,646 1,657 1,691 1,684 1,699 0,01 0,343 0,056 0,654
CA, 42. giin 3003,8  3024,7 3040,6 2984,9 29752 18,75 0,815 0,487 0,420
CAA, 0-42. giin 2960,5 2981,4 2997,2 2941,7 2931,8 18,74 0,815 0,486 0,420
YT, 0-42. giin 45359  4680,9 46589 46379  4657,0 34,02 0,715 0,427 0,399
YDO, 0-42. giin 1,531 1,571 1,556 1,577 1,587 0,01 0,104 0,019 0,686

CA: Canli Agirlik, CAA: Canli Agirlik Artisi, YT: Yem Tiiketimi, YDO: Yem Doniisiim Orani, L: Lineer, Q: Kuadratik

Tablo 8: Rasyonlarda DDGS kullaniminin broyler karkas parametreleri ve organ agirliklar1 iizerine etkisi (42. giin)

Table 8: Effects of dietary DDGS supplementation on broiler carcass parameters and organ weights (d 42)

42. giin

Deneme Gruplari

DDGS DDGS DDGS DDGS DDGS

%0 %3 %6 %9 %12 SEM P . Q
Canli Agirlik, (g) 3108,2  3120,7  3069,5  3131,7 3096,1 12,93 0,610 0,887 0,875
Karkas (g) 2301,6  2297,6 22559 23163 2294,6 29,33 0,541 0,954 0,484
Karkas, % 74,04 73,63 73,49 73,95 74,10 0,14 0,618 0,678 0,167
Gogiis Kasi (g) 733,6 730,0 710,7 748,3 730,6 22,50 0471 0,784 0,587
Gogiis Kasi, % 23,61 23,41 23,16 23,86 23,57 0,16 0,748 0,747 0,586
But (g) 602,5 6139 612,8 621,1 612,7 17,33 0,818 0,417 0,454
But, % 19,39 19,67 19,96 19,84 19,79 0,13 0,722 0,310 0,347
Kanat (g) 211,4 211,1 208,3 213,2 219,1 25,67 0,087 0,048 0,057
Kanat, % 6,80 6,77 6,79 6,81 7,08 0,04 0,085 0,037 0,069
Abdominal yag (g) 28,86 27,79 29,10 26,25 28,58 30,06 0,886 0,760 0,744
Karaciger (g) 63,54 64,20 59,63 63,83 63,28 11,29 0,599 0,900 0,450
Dalak (g) 5,44 4,51 4,13 4,25 4,94 10,82 0,166 0,343 0,019

L: Lineer, Q: Kuadratik
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Sekil 1: Rasyonlara artan diizeylerde DDGS ilavesinin baslangi¢ (a), biiyiitme (b) ve bitirme (c) donemi karma yem
maliyetleri iizerine etkisi.

Figure 1: Effects of graded dietary supplementation of DDGS on the cost of starter (a), grower (b) and finisher (c)
diets

4. Tartisma ve Sonuc¢

Etanol endiistrisinin bir yan iriinii olan DDGS, enerji diizeyi, sindirilebilir aminoasit bilesimi ve
yararlanilabilir fosfor igerigi agisindan hayvan beslemede kullanilabilecek 6nemli bir yem hammaddesidir. Broyler
rasyonlarinda DDGS kullanim1 sonucunda misir, soya ve inorganik fosfor kaynaklarinin rasyondaki diizeyi azalirken,
lizin ve yag kaynaklarinin diizeyi artis gdstermektedir (16). Rasyonlara ilave edilmesi bir maliyet avantaji saglasa da,
soyaya gore igerisindeki lizin diizeyinin ve bunun sindirilebilirliginin diisiik olmasi, ayrica selilloz igeriginin yiiksek
olmas1 DDGS’in baglangig ve kismen biiyiitme donemi rasyonlarinda kullanim diizeylerini kisitlamaktadir. Bu
caligmada baslangi¢, biiylitme ve bitirme donemi rasyonlarinda artan diizeylerde DDGS kullaniminin rasyon
maliyetleri ve broyler performanst {izerine olan etkileri incelenmistir.

Elde edilen sonuglar incelendiginde baslangic donemi rasyonlarinda %3 diizeyinde DDGS kullaniminin
performans iizerine herhangi bir olumsuz etkisinin olmadig1 bunun yani sira yem doniisiim oranini rakamsal olarak
iyilestirdigi gézlenmistir. Daha 6nceki ¢aligmalarin bir boliimiinde sadece biiyiitme ve bitirme donemi rasyonlarinda
DDGS kullanimin etkileri incelenirken (8), bazi ¢aligsmalarda ise baslangi¢ rasyonlarinda yiiksek diizeylerde DDGS
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kullaniminin canli agirlik ve yem doniigiim orani iizerine olumsuz etkileri oldugu bildirilmistir (12, 13, 15). Abudabos
ve ark. (1) baslangi¢ donemi rasyonlarinda %6 diizeyine kadar DDGS ilave edilebilecegi ve yem doniisiim oraninin
o6zellikle multienzim kullanimlar: ile daha da iyilesebilecegi sonucuna varmistir. Baslangic doneminde oldugu gibi,
biiyiitme dénemi rasyonlarinda %3 ve 6, bitirme doneminde ise %3, 6, 9 ve 12 diizeylerinde DDGS kullaniminin
performans iizerine herhangi bir olumsuz etkisi olmadig1 goriilmiistiir. Daha &nce yapilan calismalarda biiyiitme
donemi rasyonlarinda %12, bitirme donemi rasyonlarinda ise %15 diizeylerine kadar rahatlikla kullanilabilecegi
bildirilmistir (15). Ancak arastirmacilar rasyonlarin enerji diizeyinin ve sindirilebilir lizin iceriginin dikkatle
dengelenmesi gerektigini vurgulamislardir. Baslangig, biiyilitme ve bitirme dénemi rasyonlarinda standart (sirastyla %5,
7 ve 9) ve yiiksek diizey (%8, 10 ve 12) DDGS kullaniminin karsilastirdigt bir ¢aligmada ise standart diizeylerde
kullaniminin canli agirlik ve yem doniisiim orani iizerine daha olumlu bir etkisi oldugu goriilmiistiir (9). Bu ¢aligmada,
daha onceki arastirmalarda belirtilen maksimum sinirlardan daha diisiik diizeylerde DDGS kullanilmasimin temel
sebebi, kullanilan diizeylerin rasyon iiretim maliyetleri belirli bir oranda diisiiriirken performans iizerine olumlu etkisi
olabilecegi hipotezi iizerinde yogunlasilmis olmasidir. Diger bir sebebi ise ozellikle yiiksek diizeylerde DDGS
kullanildig1 durumlarda pelet kalitesinin azalmasi (14, 18) ve kondisyonerde harcanan enerjinin artmasidir (19). Behnke
(6) rasyondaki DDGS diizeyinin %5-7 diizeylerini gectiginde pelet kalitesinin olumsuz etkilenmeye basladigini
vurgulamigtir. Bu gergevede, elde edilen sonuglar incelendiginde baslangi¢ (%3), biyiitme (%6) ve bitirme (%12)
donemi rasyonlarinda artan diizeylerde DDGS kullaniminin performans ve karkas parametreleri {izerine olumsuz bir
etkisi tespit edilmemistir.

Literatiirde rasyon maliyetleri iizerine yapilmis ayrintili bir ¢alisma bulunmamasina ragmen Choi ve ark. (8)
%15 diizeylerine kadar DDGS kullaniminin iiretim maliyetlerini olumlu yonde etkileyebilecegini belirtmistir. Bu
caligmada Eyliil 2019 donemindeki hammadde fiyatlari dikkate alinarak hesaplamalar yapildiginda, rasyonda artan
diizeyde DDGS kullaniminin {iretim maliyetlerini dnemli 6l¢lide azaltabilecegi goriilmiistiir. Ancak misir, soya kiispesi
ve DDGS fiyatlarindaki degisikliklerin maliyetleri degistirebilecegi unutulmamalidir.

Sonug olarak, elde edilen veriler incelendiginde, rasyonlara DDGS ilavesinin (baslangig, biiyilitme ve bitirme
rasyonlarina sirasiyla %3, %6 ve %12 diizeylerinde) iyi tolere edildigini, broyler performansi lizerine herhangi olumsuz
bir etkisi olmadig: tespit edilmistir. Hazirlanan rasyonda kullanilan hammaddelerin giincel fabrika maliyetleri (Eyliil
2019) dikkate alindiginda, ozellikle bitirme donemi rasyonlarinda %12 diizeyinde DDGS kullanimmin rasyon
maliyetlerini azaltabilecegi goriilmistiir. Rasyonlarda DDGS kullaniminin, 6zellikle tam yagli soya ve soya kiispesi
fiyatlarimin ytiksek oldugu durumlarda, broyler performansina herhangi bir olumsuz etkisi olmadan, fiyat avantaji
saglayabilecegi ve karma yem iiretim maliyetini diisiirebilecegi sonucuna varilmustir.
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ABSTRACT:

This study was aimed to determine the parasite infection of fish samples. Ten Atlantic mackerel (Scomber scombrus),
which were suspected with parasite infection, were sent to the laboratory by the fisherman at the Sea of Marmara, Turkey.
The skin, fins, eyes, buccal cavity, and gills were examined regarding ectoparasites, while internal organs were
investigated concerning endoparasites. Seven of 10 fish were infected with endoparasites. A total of 27 nematode larvae
were detected from the abdominal cavity of fish. The detected nematode larvae were rinsed in 0.9 % isotonic saline and
preserved in glycerine-alcohol until examined. After that the anterior and posterior end of samples were cleared in
lactophenol. The larvae had a prominent boring tooth at the anterior end. The body features of the larvae were measured
(body width, oesophagus length, ventriculus length and mucron length) on a light microscope (4x-10x-40x).
Morphological analysis showed that all samples were identified as Anisakis Type I larvae (L3). It is known that anisakiasis
is one of the important fish-borne zoonotic diseases. Also, this nematode species had been previously reported in Turkish
water from different fish species. The present case contributes valuable information about one of the intermediate hosts
of Anisakis spp. in Turkey.

Marmara denizi Atlantik uskumrularindaki (Scomber scombrus, Linnaeus 1758)
Anisakis spp. enfeksiyonu

Ozer:

Bu ¢alismada balik 6rneklerinde paraziter enfeksiyonlarin belirlenmesi amaglandi. Marmara denizi balikgilar tarafindan
paraziter enfeksiyon siipheli on adet Atlantik uskumrusu (Scombrus scombrus) laboratuvara gonderildi. Baliklara ait deri,
ylizgegler, gozler, agiz boslugu ve solungaglar ektoparazitler yoniinden incelenirken, i¢ organlarin da endoparazitler
yoniinden arastirmalari yapildi. Gonderilen on adet baligin yedisinin enfekte oldugu saptandi. Baliklarin karin boslugunda
toplam 27 nematod larvast tespit edildi. Saptanan nematod larvalar1 % 0.9'luk izotonik tuzlu su ile yikand: ve gliserin-
alkol i¢inde saklandi. Sonrasinda, orneklerin anterior ve posterior uglari laktofenolde seffaflandirildi. Larvalarin 6n
kisminda belirgin bir kesici dis (boring tooth) goriildii. Larvalarin viicut 6zellikleri (boy uzunlugu, 6zefagus uzunlugu,
ventrikiil ve mucron uzunlugu) 151k mikroskopu altinda olgiildii (x-4-x10-x40). Morfolojik analizler sonucu tiim
orneklerin Anisakis Tip I larvalar1 (L3) oldugu saptandi. Anisakiasis balik-kaynakli (fish-borne) zoonotik hastaliklarin en
onemlilerinden biri olarak bilinmektedir. Ayrica, bu nematod tiirlerinin daha dnce Tiirk sularinda farkli balik tiirlerinde
de bulundugu bildirilmistir. Bu ¢alisma ile, Anisakis spp.’nin Tiirkiye'deki ara konaklarindan biri hakkinda degerli bilgi
elde edilecektir.

How to cite this article: Beceriklisoy OG, Asti C, Gonenc B: Anisakis spp. infection in Atlantic mackerel (Scomber scombrus, Linnaeus 1758)
from the Sea of Marmara. Veteriner Hekimler Dernegi Dergisi, 91(1): 80-85, 2020, DOI: 10.33188/vetheder.599455
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1. Introduction

Anisakis spp. (Dujardin, 1845) is found in the digestive tract of marine mammals (cetaceans) and fish-eating
birds. The parasite occurs in the Atlantic ocean, the Pacific ocean and Mediterranean sea in a wide range of marine
mammals species (12). Although, there are few studies on parasites of sea mammals in Turkey (8, 27, 33), Anisakis
spp. were detected in 6 striped dolphins (Stenella coeruleoalba) on the Eastern Mediterranean coast of Turkey (8).

The larvae of Anisakis spp. infect the aquatic invertebrates (cephalopods) and non-mammalian vertebrates (fish
species) as an intermediate host or paratenic host. The crustaceans are the first intermediate hosts of anisakids (21, 22).
According to Berland (10) morphological features of Anisakis spp. larvae can be distinguished as Type I and Type I1.
Anisakis Type | includes; Anisakis simplex complex (4. simplex sensu stricto (s.s), A. pegreffii, A. simplex C), A.
typica, A. ziphidarum and A. nascetti, besides Type 1l includes; A. paggiae, A. physeteris and A. brevispiculata (21, 22,
24). Inside of them, 4. simplex s.s, A. pegreffii from Type | and A. physeteris from Type 1l are also reported in humans
(6, 23). Humans can be infected by ingesting raw or undercooked fish or squids as a paratenic hosts. It is one of the
important pathogens associated with human and animal health. The third stage of larvae can penetrate the mucosa of
the gastrointestinal tract, producing acute or chronic abdominal syndromes (abdominal pain, vomiting, diarrhea and
mild fever) in humans. Also in some cases, serious allergic reactions such as urticaria, angioedema and anaphylaxis
can occur (7, 29).

The Anisakis spp. larvae were detected from throughout the world involving Africa, Australia, Oceania,
Europe, North America and South America in a wide range of fish species (1). Besides, larvae of Anisakis spp. had
been reported in Turkish coastal waters from different researchers and fish species (Table 1).

Table 1: Data on the distribution of Anisakis spp. larvae in Turkish coastal waters
Tablo 1: Tiirkiye kiyi sularinda Anisakis spp. larvalarimin dagilimina iliskin veriler

Diagnostic methods

2 2 Number of Number of  Number of
2 Fish species 5 examined . infected fish detected
E’ 5 fish (n) Morphological Molecular 0/ %) larvae (n)
Red mullet .
3) (Mullus surmuletus) AS 142 A. simplex - 4/2.8 7
) Chup mackerel AS 110 A. simplex 40/ - 163
(Scomber japonicus) M 122 - 9/ - 14
Atlantic mackerel .
(19) (Scomber scombrus) SM 20 A. simplex - 2/10.0 21
Conger eel .
4) Conwer conger L. AS 26 A. simplex - 4/1538 14
g 4
Horse Mackerels A. pegreffii
rachurus trachurus, ) ) . simplex )
32) Trach " BS 4 i 6
2) 11 different species AS 235 A. simplex - 33/- 160+>100
erlangius merlangus - . simplex -
20 Merlang langu. BS 3 A. simpl, 3/ 10
(30) Trachurus mediterraneus BS 56 A. pegreffii - 1/2 11
A. pegreffii
. . L A. typica
25) 10 different species AS 70 Anisakis Type 1 Hybrid 33/47.1 569
genotypes
7 different species M 50 Anisakis Type 1 A. pegreffii 23/46.0 197
(34) John Dory (Zeus faber) M 1 Anisakis Type 1 A. pegreffii 1/- 15
BS
(26) 23 different species AS 475 Anisakis Type 1 - - 102
M

BS: Black Sea, SM: Sea of Marmara, AS: Aegean Sea, M: Mediterranean Sea

Atlantic mackerel (Scomber scombrus, Linnacus 1758) is represented by the Scombridae family of the

Actinopterygii class. It is one of the widely distributed migratory pelagic fish species and lives in North-Atlantic
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including Mediterranean (18). It has been assessed as the least concern (LC) in The Red List of Threatened Species
since 2011 by The IUCN (15). In Turkey, Atlantic mackerel were reported in the Black Sea, Sea of Marmara, Aegean
Sea, and the Mediterranean Sea (11). The 46.6-728.2 tons of Mackerel caught in-between years of 2009 and 2018 from
these waters (31).

The aim of the present case was to investigate the presence of the Anisakid larvae in Atlantic mackerel from
Sea of Marmara, Turkey.

2. Case Story

Ten Atlantic mackerel were sent by the fishermen in the Sea of Marmara, Turkey. Fish were stored
individually, and transported with ice-box to the Ankara University, Faculty of Veterinary Medicine, Parasitology
laboratory. Fish were investigated with parasitological examination. The skin, fins, eyes, buccal cavity and gills were
examined in terms of ectoparasites, while internal organs were investigated regarding endoparasites. The nematode
larvae were observed on 7 of 10 fish (3.85+£3.38; min: 1, max: 10). Total of 27 nematode specimens were collected
from the abdominal cavity. The samples were rinsed in isotonic solution 0.9 % and fixed in glycerine-alcohol after that
anterior and the posterior end of the larvae were clarified in lactophenol. The samples were evaluated under the light
microscope (x4-x10-x40) and the body features were measured (body width, length of oesophagus, ventriculus, and
mucron) (Table 2). Morphological identification was conducted according to Berland (10). The larvae were white and
cylindrical shape. The larvae had a prominent boring tooth, excretory pore opened ventrally at the anterior end and the
distinct mucron was located at the caudal end. The morphological analysis confirmed that all examined samples were
Anisakis Type I larvae (Figure 1).

Table 2: The comparative body measurements of Anisakis Type I larvae (mm)

Tablo 2: Anisakis Type I larvalarinmin karsuastirmali viicut olgiimleri (mm)

A. pegreffi x

Present A. simplex A. pegreffii . A. typica
study (28) (34) A.simplex (ss) (16)
7)
Total body length 9.12- 25.36 12.75-29.94 12.80-24.65 9.0-17.5 21.05-24.97
Length of oesophagus 0.95-1.79 1.18-2.58 0.98-1.87 0.56-1.75 1.50-1.70
Ventriculus length 0.39-0.74 0.90-1.50 0.53-0.74 0.20-0.40 0.89-0.94
Mucron length 0.01-0.02 0.02-0.03 0.01-0.02 0.01-0.03 0.005-0.010

3. Discussion and Conclusion

Anisakiasis is a fish-borne zoonotic parasitic disease and were detected throughout the world in humans (13).
Anisakis Type 1 larvae, including 4. simplex sensu stricto and 4. pegreffi have been reported as agents of human
anisakiasis (9, 14). It is well-known, Anisakis larvae reported surviving in various fish species (13). The larvae of 4.
simplex and A. pegreffi had been reported in Turkish coastal waters from different researchers (25, 26, 32). Anisakis
spp. larvae were detected in Aegean (25) and the Sea of Marmara (19) from Atlantic mackerel as previously reported.
In the present case, the higher rate of infected Atlantic mackerel (7/10) might be assessed as a potential intermediate
host of anisakiasis for Turkish waters.

Despite the extensity of this nematoda in Turkish coast, there is no reported case in human from Turkey.
Because of symptoms of human anisakiasis are usually not specific and the disease is thought to be frequently
misdiagnosed and underdiagnosed (9).



Vet Hekim Der Derg 91(1): 80-85, 2020 83

Figure 1: Anisakis Type 1 larvae (a) anterior end, larval tooth (arrow) (x40), (b) anterior end, ventriculus (arrow) (x4)
(c) ventriculus (x10), (d) caudal end, mucron (arrow) (x20)

Sekil 1: Anisakis Tip I larva (a) on nihayet, larval dis (ok ucu) (x40), (b) on nihayet, ventriculus (ok ucu) (x4) (c)
ventriculus (x10), (d) arka nihayet, mukron (ok ucu) (x20)

According to Berland (10), larval morphological features including the absence of a ventricular appendage and
an intestinal caecum are useful for the distinction between several anisakid genera. Anisakis Type I or Type II larvae
can be identified based on ventriculus length and the presence of a tail spine (or mucron), however, these measurements
insufficient for species identifications. For this purpose, the latest studies were conducted via molecular approaches.
Although our preservation methods of samples were useful for PCR protocol, we couldn't obtain sufficient amount of
DNA. Therefore, the identification of larvae samples could not be performed via PCR.

Although five hundred twelve marine fish species were previously identified from the Turkish coasts (11), the
Anisakis spp. larvae were detected in only 23 fish species in Turkey so far (2, 25). Due to the rich variety of Turkish
marine fish species, further studies are required. Every new data is essential to understand the epidemiology of
anisakiasis.
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