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ABSTRACT

Covid-19 has caused the death of approximately 7 million people and caused severe problems in all areas of life,
especially in education. Upon the detection of the first case in Turkey, education was suspended in all educational
institutions on March 16, 2020, and it was decided to continue education in a digital environment through distance and
open education for the 2019-2020 spring semester. This study aimed to evaluate the opinions and thoughts of
veterinary faculty students about the methods and technical possibilities of distance education courses. A questionnaire
was administered to 1599 students via "Google Docs" between December 10, 2020, and January 11, 2021, to those
who were willing to participate in the survey among 2nd, 3rd, 4th, and 5th-year students who were studying in
veterinary faculties in Turkey and had face-to-face and distance education experience. The statistical package program
was used for the SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY:
IBM Corp.). Descriptive frequencies and percentages were given for categorical variables. In the study, it was
determined that 67.2% of the participants used their computers. However, lack of professional development (75.4%),
technical problems (73.3%), access to the internet (56.8%), etc. were identified as the difficulties of online courses.
Although students found the course duration sufficient, they thought the courses should be supported with PDF,
Word, and PowerPoint documents (78.2%). In addition to the security concerns of distance education, students also
stated that they did not prefer distance education because veterinary medicine education is a practical field and because
of technical problems. Students' concerns, such as professional development and professional-social interaction due to
being away from school, can be addressed with support training after the pandemic.

Keywords: Covid-19, distance education, online education, pandemic, veterinary students
Kook

Tiirkiye’de Veteriner Fakiiltesi Ogrencilerinin COVID -19 Pandemisinde Uzaktan Egitim Siirecine
Yonelik Derslerin Iglenme Yéntemi ve Teknik Olanaklarin Degerlendirilmesi

(074

Covid-19 yaklagik yedi milyon insanin 6limuine sebep olmus, basta egitim olmak tizere hayatin her alaninda ciddi
sorunlara neden olmustur. Turkiye’de ilk vakanmn tespit edilmesi tzerine 16 Mart 2020 tarihinde tim egitim
kurumlarinda egitime ara verilmis, 2019-2020 bahar dénemi icin uzaktan ve agik 6gretim yoluyla dijital ortamda egitime
devam edilmesine karar verilmistir. Calismada, veteriner fakiltesi grencilerinin uzaktan egitim ile verilen derslerin
yontemleri ve teknik olanaklart hakkindaki gbriis ve dustincelerini degetlendirmesi amaglandi. Tirkiye’de veteriner
fakiltelerinde 6grenim gérmekte olan, yiizylize ve uzaktan egitim deneyimi yasamis 2, 3, 4 ve 5. smuf 6grencilerinden
ankete katilmak isteyenlere 10 Aralik 2020- 11 Ocak 2021 tatihleri arasinda “Goggle docs” aracihigtyla 1.599 Sgrenciye
anket uygulamast yapildi. Verilerin degerlendirilmesinde SPPS 25 (IBM Corp. Released 2017. IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp.) istatistik paket programi kullanildi. Calismada kategorik degiskenler
icin tamimlayict olan frekans ve yiizdelik dilimleri verildi. Calismada kendi bilgisayarini kullananlarin oranmnin %67.2
oldugu tespit edildi. Bununla birlikte, ¢evrimici derslerin zorluklart olarak mesleki gelisim eksikligi (%75.4); teknik
sorunlar (%73.3); internete erisim (%56.8) vb. belirlendi. Ogrenciler ders siiresini yeterli bulmakla birlikte, derslerin
PDF, Word ve PowerPoint dokiimanlariyla desteklenmesi gerektigini distinmektedir (%78.2). Uzaktan egitimin
gtivenlik kaygilarinin yant sira Sgrenciler, veteriner hekimligi egitiminin uygulamaya yonelik bir alan olmasi ve teknik
sorunlar nedeniyle tercih etmediklerini de belirtmektedir. Ogrencilerin okuldan uzak kalmaya baglt mesleki gelisim ve
mesleki-sosyal etkilesim gibi kaygilarinin pandemi sonrast yapilacak destek egitimleri ile giderilebilecegi 6nerilebilir.
Anahtar Kelimeler: Covid-19, online egitim, pandemi, uzaktan egitim, veteriner fakiiltesi 6grencileri
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INTRODUCTION

A Pandemic is an epidemic occurring worldwide or
over a vast area, crossing international boundaries and
usually affecting many people (Last 2001). Epidemics
such as influenza, HIV, plague, malaria, cholera, and
SARS have occurred in the past (Shoals 2019).
COVID-19, which emerged in 2019, has also been
defined as a pandemic by the World Health
Organization (WHO) as of March 11, 2020. The first
COVID-19 case in Tirkiye was reported on March
11, 2020. Since it started, the total number of
reported cases worldwide has reached 185 million,
and nearly 7 million people have died because of this
disease (WHO 2021). The mode of transmission of
COVID-19, like general influenza, is by the
respiratory route. Since the risk of catching it
increases in indoor places, it has become necessary to
suspend education in educational institutions to
prevent its spread. Social distancing (individual and
social isolation) has been put into practice in Turkiye
to prevent the transmission of COVID-19. In order
to avoid interruptions in the field of education, the
“distance education” method has been employed by
using the available opportunities of digital world (MH
2019). Distance education is a form of education
made from a particular center using various
communication tools without the face-to-face
presence of the student and teacher (TLS 2020).
During the pandemic, in Tirkiye, The Council of
Higher Education (CHE) first decided on March 13
to suspend education at universities for three weeks
as of March 16, 2020 (CHE 2020a), and then on
March 23 due to the uncertainty of the process,
decided to continue education in the digital
environment through distance and open education
for the 2019-2020 spring academic semester (CHE
2020b). During this time, it was found that the
majority of Turkish universities have the technology
infrastructure to allow distant learning, and CHE
would quickly assist those who do not. (Dikmen and
Bahceci 2020).

Following period, the publication of the “New
Normalization Process Guide in the Global
Epidemic” by CHE was announced on July 30, 2020.
It is stated that “the guide provides a general
framework according to possible scenarios and gives
relevant university committees authority to apply for
different programs according to the regional and local
course of the epidemic.” The guide includes
framework  decisions and  suggestions under
“Distance Education Practices, Applied Trainings,
Assessment and Evaluation Practices, Foreign
Students, Meetings, Congresses and Exchange
Programs.” This guide has allowed different practices
to be implemented in universities according to the
regional and local course of the epidemic during the
epidemic's progression. The “New Normalization
Process in the Global Epidemic 2020” guide
published by CHE states that distance education

performed due to the COVID-19 global epidemic is
the emergency distance education” application of the
new normal, and it also emphasizes that they were
different from the distance education implemented by
preplanning (CHE 2020c).

The online learning method wused in distance
education is described as a tool that can make the
teaching-learning process more student-centered,
innovative, and flexible. Online learning refers to
educational experiences that take place in either
synchronous or asynchronous settings on various
internet-connected devices, such as laptops and
mobile phones. These settings allow for anywhere
(independent) learning and interaction between
students, teachers, and other students (Singh and
Thurman 2019). Sercemeli and Kurnaz (2020) stated
that students did not face any problems in terms of
self-efficacy regarding the use of the distance
education system; they approached it positively
because of re-watchable video recordings, flexible
education opportunities, and time-saving,

This study was prepared to evaluate the opinions and
thoughts of students about the methods and technical
possibilities of distance education courses that started
with the COVID-19 pandemic in veterinary medicine
education.

MATERIAL and METHODS

In the study, a survey was created based on the
studies on “distance education during the pandemic
period” (Sercemeli and Kurnaz 2020; Kurtinci and
Kurt 2020). According to 2019 data, there are 10.946
students studying in veterinary faculties in Turkey and
the questionnaire applied to the other grades (2nd,
3rd, 4th and 5th) except for the first year students.
The questionnaire evaluated seven demographic
questions and eight questions about the method of
teaching the courses. The survey form will be applied
to the students who want to participate in the study,
and the name and surname of the participating
students will not be requested in the survey forms. It
was sufficient to apply the questionnaire form to
approximately 700 people with a 95% confidence
interval, and a total of 1599 students, 518 from 2nd
grade, 379 from 3trd grade, 342 from 4th grade and
360 from 5th grade, participated in the study (Table
1). The questionnaire was administered to students
who volunteered to participate in the study. The
survey application was delivered to students via
“Google” (docs.google) between December 10, 2020
and January 11, 2021, and data were obtained. “SPPS
25 (IBM Cotp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM
Corp.)” statistical package software was used to
evaluate the data. In the study, the frequencies and
percentages of the data obtained from participants’
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tool choice to follow online courses, their preferences
about the method of the theoretical and practical
courses, the problems they encountered, the course
duration preferences, and the tools that the courses

RESULTS

The distribution of these students according to
region, gender, grade point average, and place of
residence is shown in Table 1. 55.6% of the

should be supported by are given in the tables. The
demographic distribution of the data was presented in
tabular form based on the classes of the participants.

participants stated that they lived in the city center.
Gender distribution was in favor of male students (I':
45.7%/M: 54.3%) and the highest patticipation was
from faculties in the FEastern Anatolia Region

(20.2%)).

Table 1. Distribution of demographic data based on the class of the participants

Class
Demographic | 2nd 3rd 4th 5th
Criteria Number [ % Number | % Number | % Number | %
Region
Mediterrenian 89 5.6 72 4.5 89 5.6 60 3.8
Eastern 125 7.8 67 4.2 39 2.4 92 5.8
Anatolia
Aegean 12 0.8 25 1.6 14 0.9 20 1.3
Southeastern 69 4.3 47 2.9 79 4.9 29 1.8
Anatolia
Central 107 6.7 67 4.2 77 4.8 38 2.4
Anatolia
Black Sea 81 5.1 47 2.9 29 1.8 46 2.9
Marmara 35 2.2 54 3.4 15 0.9 75 4.7
Total 518 32.4 379 23.7 342 21.4 360 22.5
Gender
Female 272 17.0 188 11.8 130 8.1 141 8.8
Male 246 15.4 191 11.9 212 13.3 219 13,7
Total 518 32.4 379 23.7 342 214 360 22.5
Point average
Less than 2.00 8 0.5 6 0.4 8 0.5 5 0.3
2.00-2.50 53 3.3 52 3.3 68 4.3 94 5.9
2.51-3.00 174 10.9 186 11.6 163 10.2 182 114
3.01-3.50 198 12.4 112 7.0 82 5.1 70 4.4
3.51 and above | 85 5.3 23 14 21 1.3 9 0.6
Total 518 32.4 379 23.7 342 21.4 360 22.5
Place of residence
Provincial 277 17.3 193 121 195 12.2 224 14.0
center
District 132 8.3 108 6.8 85 5.3 87 5.4
Town 9 0.6 5 0.3 6 0.4 3 0.2
Neighborhood | 100 6.3 73 4.6 56 3.5 46 2.9
(Village)
Total 518 32.4 379 23.7 342 21.4 360 22.5

More than one answer was received for the “Which
of the following tools do you use during
online/distance education?” (Table 2) question and a
total of 2214 responses were received. It was

determined that the rate of those using their
computer is 67.2%; those using their smartphone is
51.5%; those using someone else’s computer is
14.4%, and those using someone else’s smartphone is
1.8%.



Table 2. Participants' means for following online courses*

Lesson tracking tool Number %
My own computer 1075 67.2
My own tablet 48 3.0
My own phone 8§24 51.5
Someone else's computer 230 14.4
Someone else’s tablet 8 0.5
Someone else’s phone 29 1.8
Other 3 0.2

* More than one option is marked

While 52.9% of students preferred online or distance
learning for theoretical courses, 21.3% of students
preferred online or distance learning for practical
courses. While 17.8% of the students thought that

theoretical courses should be given face-to-face,
60.7% of the students said that practical courses
should be given face-to-face (Table 3).

Table 3. Preferences of the participants regarding the way of teaching theoretical and practical courses

Type of course Theoric Practical
Number % Number Yo
Online/remote 846 52.9 340 21.3
Face to face 284 17.8 970 60.7
Hybrid 496 29.3 259 16.2
Other - - 30 1.9
For the question “What are the difficulties of problems (73.3%), difficulties in accessing the

following courses online/remotely in the veterinary
department?”, it was determined that the lack of
professional development (75.4%) was the most
frequently mentioned problem, followed by technical

internet (56.8%), being away from school (53.0%) and
social environments (43.6%) (Table 4).

Table 4. Problems faced by the participants in online courses*

The difficulty experienced Number | %
Difficulties accessing the Internet 909 56.8
Facing technical problems (computer, tablet, phone malfunction, system 1172 73.3
problems, etc.)

Being away from social situations 697 43.6
Getting away from the school environment 847 53.0
Not being able to ask questions about incomprehensible matters 560 35.0
Lack of professional development 1206 75.4
Excessive intensity (Video, homewortk, etc.) 9 0.6
Other 22 1.4
I don't have any problems 22 14

* More than one option is marked

Regarding “the duration of a lesson hour,” 36.0% of
the students answered that it should be in the range
of 21-30 minutes; 35.3% of them said that it should
be between the range of 31-40 minutes; 12.9% of

them answered that it should be between the range of
41-50 minutes (Table 5).

Table 5. Opinions of the participants about the duration of a lesson

Lesson duration Number %
5-10 min 37 2.3
11-20 min 136 8.5
21-30 min 576 36.0
31-40 min 564 35.3
41-50 min 206 12.9
51-60 min 80 5.0




To the question of, “Which of the following methods
would you like digital education course to be
supported with?”, 78.2% of the participants answered

PDF Word and PowerPoint documents, 77.2% with
the lecturers' notes/papers, 66.1% with online video
recordings (Table 06).

Table 6. Opinions of the participants about which tools should be used in distance education courses*

Method to be supported Number %
Online / Live broadcast 783 49.0
Textbook 761 47.6
PDF, Word, Power point document 1250 78.2
Offline video recordings 1057 606.1
With the lecturers' notes/papers 1235 77.2
Other 19 1.2

* More than one option is marked

DISCUSSION

With the emergence of the COVID-19 pandemic,
distance education was started In veterinary
departments too. However, with the maintenance of
the process, problems related to practical courses,
especially for the year 2020, began to be expressed. It
can be said that this study, which was carried out to
determine how students come up with problems such
as teaching methods and technical opportunities of
the courses, is essential by including all university
departments in Tirkiye, by having a high number of
participants and by including the opinions of people
who had experienced both face-to-face and distance
education.

Although it has been asserted that universities
worldwide are increasingly running to distance
education, it is reported that there are problems in
terms of technological competence and security (Ali
2020). Studies on distance education reveal that there
are various options regarding the means of class
participation. Smartphones, laptops, tablets, and
personal computers are the most commonly used
electronic devices to attend online classes during the
COVID-19 pandemic (Abushammala et al. 2021). A
similar study by Karatepe et al. (2020) of teacher
candidates states that 68.7% of students participating
in the study follow lessons with a computer and
59.5% of them with a mobile phone. In a study in
which  students from the Department of
Physiotherapy and Rehabilitation participated, it is
stated that 61.5% of the students follow lessons by
computer and 35.5% by mobile phone (Altuntas
Yilmaz 2020). The results of the study conducted by
Sercemeli and Kurnaz (2020) showed that 75.5% of
students used a smartphone, while 42.4% of students
used a computer. Those who used someone else's
computer or smartphone made up 12.8% and 3.9%
of the sample, respectively. In the study conducted
with a total of 1,392 wveterinary students and
researchers from 92 different countries, it was
determined that the most used device was a
smartphone (51.0%), followed by a laptop (32.8%)
and tablet (9.6%) (Mahdy 2020). Another study
determined that 61.5% of students accessed

education using a computer, 35.5% using a phone,
and 3% using a tablet'> (Altuntas Yilmaz 2020). In the
study, in which the participants were allowed to
choose more than one device, like in other studies, it
was found that veterinary department students
primarily used their computers (67.2%) and their
smartphones (51.5%) in lessons (Table 2). According
to Mahdy (2020), research must be done to give
students access to computers, the internet, and
tablets. Neatly all students should also own a
computer, and these devices must always be available
to support successful distance learning, which is
expected to be implemented in 40% of informal
education (CHE 2020c), regardless of the pandemic
period. In addition, determining which devices
students use in their online learning will help to
ensure the accessibility of the prepared educational
content by many students.

World Organization for Animal Health (OIE) has
specified the characteristics that ‘Day 1 graduates’
veterinarians should have in order to ensure the
quality of national veterinary medicine services of
member countries and has developed a “Model Core
Veterinary Curriculum” (OIE 2013). This curriculum
was  prepared  for  Veterinary = Education
Establishments of OIE member states where most
courses are applied. Similarly, in the evaluation
processes of EAEVE (European Association of
Establishments for Veterinary Education), for which
13 university departments from Tirkiye have applied
for membership, it is observed that an applied
learning-based approach is prioritized at every stage
of veterinary medicine education (EAEVE 2021). It
has been stated that in units with applied education,
students need more face-to-face education.
Performing the applications after the academic
lessons is crucial for the student’s professional
practice skills (Keskin and Ozer Kaya 2020). Mahdy
(2020) reports that fulfilling students' veterinary
competencies with only the online education system
is not easy. In a survey of veterinary students in
Egypt, 53% of the students stated that online
anatomy learning cannot replace face-to-face teaching

5



(Mahdy and Sayed 2021). Some pre-clinical courses,
such as Anatomy and Histology, require direct
macroscopic and microscopic demonstration of
different organs and structures of different animals to
students (Brassett et al. 2020). Some courses, such as
Medicine, Surgery and Theriogenology (Gynecology,
Obstetrics and Andrology) require direct handling of
clinically il animals to learn the management of
critically ill animal species (Dedeilia et al. 2020).
Students will need a practical demonstration of
practice (Brassett et al. 2020; Dedeilia et al. 2020).
The study determined that veterinary department
students also preferred face-to-face (60.7%, n:970) for
applied courses in parallel with the abovementioned
studies (Table 3). It can be said that this situation
aligns with the recommendations of OIE and
EAEVE regarding their efficiency and veterinary
faculty students' professional development.

The student’s binary named “Distance learning
strategies: What do we know about the
effectiveness?” organized by UNESCO (2021) due to
the COVID-19 pandemic stated that technological
preparations should come at the beginning of the
preparations.  Internet-related issues such as
availability, connectivity, speed, infrastructure, and
cost in developing countries hurt students’ online
learning (Mahdy and Sayed 2021). In the studies on
the subject (Al-Balas et al. 2020; Keskin and Ozer
Kaya 2020; Kurtiinct and Kurt 2020; Sercemeli and
Kurnaz 2020), internet or technical problems were
the main ones among the difficulties. In this study,
“What are the difficulties of following the courses
taught in the veterinary department online/remotely
without coming to school?” was asked, and it was
determined that the most critical problem among the
experienced difficulties was the lack of professional
development (75.4%), followed by technical problems
(73.3%), difficulties in accessing the Internet (56.8%),
being away from school (53.0%), and social
environments (43.6%) (Table 4). These results show
that veterinary department students, unlike other
university students, prioritize professional
development and are more willing to obtain face-to-
face education due to their anxiety in this regard, as
seen in Table 3. The problems encountered, such as
Internet access and technical issues, match those of
other studies. Although the rate of participants living
in city centers where internet access is more possible
than in rural areas was 55.6% (Table 1), the rate of
internet access difficulty was determined as 56.8%.
Students need Internet access to participate in online
courses, creating a significant global inequality in
veterinary medical education programs (Edwards,
2004). It should be noted that poor connectivity in
rural areas can result in lost educational opportunities
for students living in these areas (Mohammed et al.
2019). In order to maintain distance education
smoothly and successfully, infrastructures should be
developed, and students should be supported in
terms of internet access in city centers and rural areas.

The 45-minute lesson period that were applied before
the pandemic was changed to 30 minutes in primary,
middle, high school education (MNE 2020). Higher
Education Institutions maintained this period as 40-
45 minutes. If online courses take a long time,
students feel sleepy and tired and lose their
motivation to participate in online learning (Mahdy
2020; Wilcha, 2020). A study conducted in the field of
social sciences reported that the highest rate of
students (36.2%) preferred the lecture duration to be
between 15 and 20 minutes (Sercemeli and Kurnaz
2020). Afsar and Buytkdogan (2020) determined in
their study that 90.4% of 432 students claim 25
minutes lessons or more. It was determined in the
study that 36.0% of the students stated that it should
be in the range of 21-30 minutes, 35.3% in the range
of 31-40 minutes, and 12.9% between 41-50 minutes
(Table 5). Even though departments have different
preferences regarding course length, it is crucial to
keep these durations within reasonable bounds to
maintain followability. The ideal course duration
should be determined in line with the student’s
opinions and applied in distance education processes
in this manner.

A study conducted with students from the Education
Department studying in the Central Anatolia Region
stated that 22% of the students prefer oral
presentations, and 18.7% prefer scanned lecture notes
(Karatepe et al. 2020). In the study of Sercemeli and
Kurnaz (2020), 79.4% of the students expressed that
lectures should be supported with lecturer’s notes,
34.6% with online video recordings, and 33.5% with
documents such as PDF, word, and PowerPoint.
Frequent access to asynchronous learning materials
improves  veterinary  students'  performance
(Schoenfeld-Tacher and Dorman 2021). Can (2020)
also stated that students prefer written materials and
less participation in online courses and that the
reason for this is the problems experienced in
accessing the Internet. Mahdy (2020) reported that
participants were provided online study materials
mainly through PDF lecture notes, e-books,
YouTube videos, university platforms, educational
websites, and applications. In the study, students were
asked, “Which of the following methods would you
like distance education courses to be supported
with?” and 78.2% of the participants answered with
documents such as PDF, word, PowerPoint; 77.2%
with the lecturers' notes; 66.1% with online video
recordings (Table 6). Thus, students prefer sources
such as the instructot's notes, PDF, word, and
PowerPoint because they are always accessible and
not likely to be affected by internet access problems.

CONCLUSION

As a result, given the importance of practical/ applied
veterinary  education, students from veterinary
departments  significantly ~ prefer  face-to-face
education. This preference may concern that their
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professional development will be improved with face-
to-face  practical/applied learning.  Accordingly,
mainly applied learning lessons should be done face-
to-face as much as possible while taking all necessary
precautions and giving students the right to choose.
Studies should be carried out to eliminate the
concerns of the students by fulfilling the missing
training after the pandemic. Veterinary students'
thoughts and opinions can guide this issue by
identifying problems in distance education in general.
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ABSTRACT

This study's objective is to determine the quantity of Ochratoxin A (OTA) in the feed given to cattle in the
Ardahan region. The research was carried out on 30 randomly selected bovine farms in the Ardahan region.
Cattle farms were visited in February, March, and April 2023. Thirty samples (10 meadow grass, 10 hay and 10
crushed batley) were collected each month, one sample from each farm visited. In all, 90 feed samples were
examined for OTA within the three-month period. The amount of OTA in feed samples was determined by
using an ELISA kit. The study did not detect OTA in the meadow grass, hay and crushed batley collected in
February. In hay samples, 0.19 pg/kg was detected in March, 0.21 pg/kg in April, and in crushed batley 0.20
ug/kg in March and 0.21 pug/kg OTA in April. In this study, the highest amount of OTA was determined in
meadow grass (0.28 pg/kg) collected in April. The difference between the average OTA amounts detected in
meadow grass in March and April was statistically significant (p<<0.05). It was seen that the amount of OTA
detected in the meadow grass, hay and crushed batley was below the maximum limit (5.0 ug/kg) set by the
Turkish Food Codex Contaminants Regulation. In this study, it was concluded that meadow grass, hay, and
crushed barley given to cattle in February, March, and April in Ardahan region contain ochratoxin A at a level
that does not pose a risk to animal and human health.

Keywords: Ardahan, Cattle, Feed, Mycotoxin, Ochratoxin A.

*kkk

Ardahan Yo6resinde Sig1ir Beslenmesinde Kullanilan Yemlerde Okratoksin A
Diizeyinin Aragtirilmasi

oz

Bu aragtirmanin amact Ardahan yoresinde sigirlara verilen yemlerde Okratoksin A (OTA) miktarint belirlemektir.
Aragtirma Ardahan y6resinden rastgele segilen 30 sigir isletmesinde yurttildd. Sigir isletmeleri 2023 yili Subat,
Mart ve Nisan aylarinda ziyaret edildi. Her ziyaret edilen isletmeden bir numune olmak tzere her ay 30 numune
(10 adet cayir otu, 10 adet saman ve 10 adet arpa kirmasi) toplandi. Ug aylik dénemde toplam 90 yem 6rnekleri
OTA yontnden incelendi. Yem 6rneklerinde OTA miktarinin belirlenmesinde ELISA kiti kullanildi. Arastirmada
Subat ayinda toplanan gayir otu, saman ve arpa kirmasinda OTA tespit edilmedi. Saman 6rneklerinde Mart ayinda
0,19 pg/kg, Nisan ayinda 0,21 pg/ke, arpa kirmasinda ise Mart ayinda 0,20 pg/kg, Nisan ayinda 0,21 pg/kg OTA
tespit edildi. Bu arastirmada en yliksek OTA miktari Nisan ayinda toplanan cayir otunda (0,28 ug/kg) belitlendi.
Mart ve Nisan ayinda cayir otunda tespit edilen ortalama OTA miktarlart arasindaki fark istatistiksel olarak anlamli
(p<0,05) bulundu. Cayir otu, saman ve arpa kirmasinda tespit edilen OTA miktar1 Tirk Gida Kodeksi Bulaganlar
Yonetmeliginin belitledigi maksimum limitin (5,0 pug/kg) altinda oldugu gortldi. Bu arastirmada Ardahan
yoresinde Subat, Mart ve Nisan ayinda sigirlara verilen ¢ayir otu, saman ve arpa kirmasinin hayvan ve insan saglhgt
i¢in risk olusturmayacak diizeyde okratoksin A igerdigi sonucuna varddi.

Anahtar kelimeler: Ardahan, Mikotoksin, Okratoksin A, Sigir, Yem.
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INTRODUCTION

Various toxins are synthesized by some species of
fungi in foods and feedstuffs. These toxins are called
mycotoxins (Tao et al. 2018). Ochratoxins, a type of
mycotoxin, are secondary metabolites synthesized by
some fungi of the genus Penicillium and Aspergillus
(Battacone et al. 2010). Penicillium verrucosum, Penicillinm
nordicum and Aspergillus ochracensare the most important
species synthesizing ochratoxin.According to their
chemical structure, ochratoxins are divided into three
groups: ochratoxin A, ochratoxin B and ochratoxin C.
The most toxic of these is ochratoxin A (OTA)
(Wang et al. 2022). OTA is a white-colored, odorless,
heat-resistant, ~ water-soluble,  crystallized  solid
molecule. Its chemical structure is formed by
dihydroisocoumarin,  which  binds to  beta-
phenylalanine via 7-carboxyl (Tao et al. 2018).

When food containing OTA is consumed by humans
and animals, severe health problems occur. The liver
and kidneys are especially sensitive to this toxin.
Furthermore, mutagenic, immunotoxic, teratogenic,
genotoxic, embryotoxic, and carcinogenic effects
have been reported (Turkoglu and Keyvan 2019; El-
Sayed et al. 2022; Miguel Alfonso et al. 2022; Wang et
al. 2022). OTA causes chronic kidney damage (Balkan
Endemic Nephropathy) in humans. It is also reported
to induce liver and kidney tumors. For this reason, it
is included in the 2B carcinogen group by the
International Agency for Research on Cancer (IARC)
and the World Health Organization (WHO)
(Bernardini et al. 2014; Stoev 2021; El-Sayed et al.
2022).

The susceptibility of animal species to OTA is
associated with the structure of the digestive tract. In
single-stomach animals, neatly all the toxin is
absotbed, whereas in  ruminants, microbial
decomposition occurs in the rumen. It undergoes
peptide hydrolysis microbial enzymes. Following this
hydrolysis, phenylalaninand dihydroisocoumarin are
released. The degradation products are also known as
ochratoxine a. Ochratoxin « is less poisonous than
OTA (Boudra et al. 2007; Marin et al. 2013; Miguel
Alfonso et al. 2022). The toxins absorbed through the
gastrointestinal tract bind strongly to serum proteins
(particularly albumin). This relationship determines its
half-life in the bloodstream and varies depending on
the animal species (Battacone et al. 2010). OTA and
ochratoxin « are mostly excreted in urine and feces
(Boudra et al. 2007).

The types of fungi in the contaminated agricultural
products vary depending on the geographic area.
Penicillinm verrncosum generally reproduces in temperate
areas, while Aspergilius ochracens synthesizes ochratoxin
by reproducing in warm climates (Battacone et al.
2010). The toxin inhibits protein synthesis in cells. It
also leads to mitochondrial lesions and DNA damage,
lipid peroxidation and oxidative stress. As a result of
the toxic effect of the toxin on DNA, mutagenic,
genotoxic, and carcinogenic effects occur (Marin et al.

2013; Miguel Alfonso et al. 2022). OTA was detected
in 76% of tumorous kidneys that underwent
nephrectomy in humans (Malir et al. 2021).

OTA can be found in numerous agricultural
products. Cereals, wine, beer, coffee, and grapes are
some of them. OTA is synthesized when suitable
conditions (such as humidity, temperature, and
oxygen) are created in contaminated nutrients. It
passes into the meat and milk of animals fed with
contaminated feedstuffs. The OTA content in animal
products presents a risk to human health (Battacone
et al. 2010; Miguel Alfonso et al. 2022; Wang et al.
2022). Moreover, they are very heat resistant and do
not decompose with normal milk processes (such as
pasteurization and UHT). It is necessary to apply at
least 250°C of heat for a few minutes to decompose
the toxin (Tao et al. 2018). Therefore, most countries
have a maximum limit for OTA in nutrients. This
limit is 5 ppb for non-processed cereals, 3 ppb for
cereals, and 2 ppb for beer and grape juice by the
European Commission. It is applied by the Food and
Agticulture Organization as 5 pg/kg for batley,
wheat, and rye (Wang et al. 2022). According to the
Turkish Food Codex Contaminants Regulation, the
maximum level of OTA in untreated cereals is 5
pg/kg (Anonymous 2011).

The main source of livelihood in Ardahan province is
cattle breeding. Local livestock complete the year by
teeding approximately half in grasslands and pastures
and the other half in shelters. The period in the
shelter environment coincides with the winter and
spring seasons. During these periods, cattle are fed
stocked meadow grass. In addition, hay and crushed
barley obtained by harvesting cereals (especially
batley) are among the important forage items. It is
very important to human health to feed cattle with
safe food. Because animal products (meat and milk)
produced from cattle are a major source of nutrients
for humans (Dogan and Dogan 2020). The
contamination of animal products with toxins gives
rise to serious human health problems. Therefore, no
substances harmful to human health should be
present in animal products. Animal products
containing OTA may be a source of toxins for people
(Wang et al. 2022). These toxins go into breastfeeding
mothers' milk and negatively affect the baby's health.
They also build up in tissues and organs, like muscles
and the liver, which are important sources of
nutrients for humans (Battacone et al. 2010).
Penicillinm verrucosum, a fungus that synthesizes OTA,
can grow in agricultural products grown in temperate
climates (Clark and Snedeker 20006). The Ardahan
region has a cool and moderate climate. In addition,
the food harvested during summer (August) is stored
and kept until winter. This waiting period strengthens
the possibility of OTA synthesis in stock feed
materials. Literature reviews have found no research
on the presence of OTA in livestock feeds in the
Ardahan region. The objective of this investigation
was to assess the amount of OTA contained in

10



certain feed materials given to cattle that are fed
indoors during winter and spring in the Ardahan

region.
MATERIALS and METHODS

The study began with the approval of the Ministry of
Agriculture and Forestry (letter dated 07.11.2022 and
numbered E-29486769-325.99-7632633). The
research material consisted of certain feeds that were
fed to cattle in the province of Ardahan. 30 cattle
enterprises that are actively operating in the region
were identified for this purpose. The determination of
enterprises did not take into account the size of the
enterprise and the criteria for animals (number, breed,
age, and gender). These farms were visited in mid-
February, March, and April 2023 (day 15). In each
month visited, 30 samples were collected, one feed
sample from each farm. During the three-month
study period, 90 (30 meadow grass, 30 hay, and 30
crushed Dbarley) feed samples were collected.
Approximately 50 grams of the feed materials served
to the cattle were taken and the samples were placed
in sterile and sealed bags. After being brought to the
laboratory in cold conditions, the samples were stored
at -18 °C until analysis.

ELISA kit (Cat. No: CSB-EFD027449, CusaBio,
U.S.A) was used to determine the OTA level in feed
samples. Sample preparation and analysis were
conducted according to the method described by the
manufacturer. In this method, 5 grams of crushed
samples were placed in a beaker. 25 ml of 40%
ethanol solution was added to it. It was then stirred in
the vortex for two minutes. 5 mL of the resulting
mixture was centrifuged at 4000 rpm for 5 minutes.
After centrifugation, 500 uL. of the supernatant was
taken and was thoroughly mixed with 500 pL of the
sample dilution solvent. Then, 50 pL. of the resulting
mixture was taken and used for analyzes. The
standards and well counts for the samples were
determined prior to starting the analysis. 50 ml of
standard was added to the standard wells and 50 uL
of sample was added to the sample wells. Then, 50
L of HRP-conjugateand 50 uL of antibody were

added to each well. The plate was coated with a new
adhesive strip and mixed thoroughly. After that, it
was left to incubate at 25°C for 30 minutes. The plate
was washed four times with the washing solution
after incubation. The plate was placed upside down
after the last wash, the solution inside was diverted,
and drained with a clean paper towel. Then 100 uL of
TMB substrate was added to each well and mixed
well. The plate was left to incubate at 25°C for 15
minutes, protected from light. After incubation, 50
uL of stop solution was added to each well and the
optical density of the sample and standards were
measured at 450 nm in an ELISA reader (BioTek
EILx800, USA). The amount of OTA was calculated
by comparing the optical density of the samples with
the optical density of the standards (Yilmaz and Aksu
Elmali 2010).

Statistical evaluation of the data obtained in this study
was done using IBM SPSS 20.0 software. The data
was checked for normality using the Shapiro-Wilk
test. The comparison of the average OTA amount by
month was conducted using an independent sample
T-test. The results were presented in the form of an
average (X) and a standard deviation (SD). P<0.05
was found to be statistically meaningful for this study.

RESULTS

The amount of OTA in feed collected in the Ardahan
region in February, March, and April is presented
below in Table 1.

As seen in Table 1 above, OTA was not
detected in the meadow grass, hay and crushed batley
collected in February. OTA was 0.20 pg/kg in
meadow grass samples collected in March and 0.28
pg/kg in April. The difference in mean OTA levels
detected in meadow grass in March and April was
statistically significant (p<<0.05). The quantity of OTA
in the hay samples was 0.19 pg/kg in March and 0.21
pg/ kg in April. For batley crushing, it stood at 0.20
pg/kg in March and 0.21 pg/kg in April. In hay and
crushed barley collected in April, the amount of OTA
increased compared to March. However, the increase
was considered statistically non-significant (p>0.05).

Table 1. Amount of OTA in Feed by Months (ug/kg).

February March April
Samples a X+SD a X+ SD n X+ SD P-value
Meadow grass 10 0+0%* 10 0.20 £ 0.03 2 10 0.28 £ 0.06 » 0.003
Hay 10 0+0%* 10 0.19 £ 0.03 2 10 0.21 £0.032 0.29
Barley Crushed 10 0+0%* 10 0.20 £ 0.04 2 10 0.21 £ 0.04= 0.63

*: It was not detected in the range of test susceptibility limits.
a, b: Those who have different letters on the same line were statistically significant in the p<0.05 range.
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DISCUSSION

The effects of OTA have been investigated on a
number of animal species. It is reported that when
applied to female mice at a dose of 1 mg/kg for one
week, it disrupts egg development and causes
decreases in the number of offspring (Jia et al. 2020).
Moreover, it is pointed out that tumors of the
kidneys, liver and mammary glands are the causal
agents of female mice (Tao et al. 2018) and kidney
tumors in male mice (Clark and Snedeker 2006). In a
study, degenerative changes in neuron and glial cells
were found in mice fed with feeds containing 10 ppm
OTA, adenocarcinoma in the intestines at the 19th
month and in the lungs at the 21st month (Stoev
2021). In another study, pigs fed with feed containing
OTA showed a decrease in sperm motility and a
significant reduction in height on the 40th day
following ingestion of toxins (Solti et al. 1999).

Cattle are subject to OTA with raw materials.
Susceptibility to the toxin is related to ruminal
function. One study indicates that the uptake and
adverse effects of OTA increase in cattle fed high-
sugar feeds (Pantaya et al. 2016). Healthy livestock
with improved rumen function can decompose up to
12 mg/kg of the toxin. Exposure of calves whose
ruminal function is undeveloped to the toxin
threatens the health of calves. Because calves have a
greater absorption of toxins than adult bovine
animals. The long half-life of the binding toxin in
serum proteins (about 77 hours) increases toxicity. It
is reported that 1 mg/kg OTA administered to calves
with undeveloped ruminal function results in deaths
within 24 hours (Battacone et al. 2010).

A number of studies have been carried out to
determine the level of OTA in foods and feedstuffs.
In 82 commercial cattle fattening feeds collected from
different regions of Tirkiye, the highest amount of
OTA (4.04 ul / kg) was determined in the Marmara
region and the lowest (0.76 ul /kg) was determined in
the Aegean region (Akkaya and Bal 2013). In a study
conducted in the Sivas region, it is reported that the
amount of OTA in December, February, and April is
0.025, 0.024, and 0.024 ppm in compound feeds and
0.022, 0.020, and 0.021 ppm in batley samples
respectively (Yilmaz and Aksu Elmali 2016).

In cattle fed with OTA, secretion of toxins through
the milk is of great importance to calves and human
health (Turkoglu and Keyvan 2019; Miguel Alfonso et
al. 2022; Wang et al. 2022). In one study, it was
reported that the average OTA amount of 105 milk
samples (35 pasteurized, 35 raw milk, and 35 UHT)
was 85 ng/L in UHT milk, 137 ng/L in raw milk, and
135 ng/L in pasteutized milk (Turkoglu and Keyvan
2019). In 40 milk samples collected from milk tanks
in Burdur region, the amount of OTA is stated to be
in the range of 2-270 ng/L (Keyvan et al. 2018). In
one Egyptian study, the average amount of OTA in
10 samples of raw milk was found to be 5.134 ppb
(the lowest 0.34 ppb and the highest 13 ppb) (Younis

et al. 2016). Three of the 264 milk samples collected
at 132 farms in winter and summer (1.1%) contained
OTA (Boudra et al. 2007). In a study conducted in
Sudan, it is stated that 77.78% of the feed samples
given to dairy cattle contained 0.22-1.59 pg/kg and
20% of the milk samples contained 2.73 ng/kg OTA
(Elzupir et al. 2009).

OTA was not detected in meadow grass, hay, and
barley samples collected in Februaty in this research.
OTA levels in meadow grass samples were 0.20
pg/kg in Matrch and 0.28 ng/kg in April. The OTA
content of the hay samples was 0.19 pug/kg in March
and 0.21 pg/kg in April. The mean level of OTA in
crushed batley was 0.20 ug/kg in March and 0.21
pg/kg in April. The results obtained from this study
are similar to those reported by Akkaya and Bal
(2013), Yimaz and Aksu Elmali (2016), Tirkoglu and
Keyvan (2019), Keyvan et al. (2018), Younis et al.
(2016), Boudra et al. (2007), and Elzupir et al. (2009).
In this study, the highest level of OTA was detected
in meadow grass collected in April. The difference
between the average OTA amounts detected in
meadow grass in March and April was statistically
significant (p<<0.05). It is thought that the increase in
the amount of OTA in meadow grass in April is
influenced by the air temperature and the increased
humidity as a result of the melting of the snow.
Because in the region, meadow grasses are stored in
bales and outdoors. The detection of OTA in these
grass piles can be explained as the fact that the fungal
species synthesizing OTA are contaminated and that
suitable conditions (heat, humidity, oxygen, etc.) are
formed for their reproduction.

In this study, it was found that the amount of OTA in
the hay and barley crushing samples collected in April
was higher than in March. However, this increase was
found to be statistically insignificant (p>0.05). In
April, hay and batley samples had low levels of OTA
compared to meadow grass. The low level of OTA in
hay samples is mainly due to the way straw is
obtained. Because straw is obtained by drying and
crushing the stem of cereals (especially batley in the
region) thoroughly. Also, in the locality hay is stored
in sacks. As a result, it may be argued that straw is
drier (at lower moisture) than meadow grass. It may
be said that the low moisture content of hay limits
fungal growth and toxin synthesis. The low level of
toxins in bartley crushing may be due to storage
conditions. In the Ardahan region, batley crushed is
either put in sacks and closed or stored in a closed
environment in  warehouses. The anaerobe
environment created by these storage methods is
thought to negatively impact fungal reproduction.
Because mushrooms are mandatory aerobics. These
storage conditions explain the low OTA content in
batley crushed.
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CONCLUSION

In the Ardahan region, OTA was not detected in the
meadow grass, hay and crushed barley used in cattle
feeding in February. OTA was 0.20 ug/kg in meadow
grass samples collected in March and 0.28 pg/kg in
April. In hay samples, 0.19 pg/kg was detected in
Match, 0.21 pg/kg in April, and batley crushed 0.20
ug/kg in March and 0.21 pg/kg OTA in April
Concentrations of OTA detected in the meadow
grass, hay and crushed barley were found to be below
the maximum level set by the Turkish Food Codex
Contaminants Regulation. In this research, it was
concluded that the meadow grass, hay and crushed
barley given to cattle in February, March, and April in
the Ardahan region did not pose a risk to human and
animal health. It is recommended to take measures to
prevent fungal growth in feed materials and to
provide the necessary training to the breeders about
not using moldy feeds in cattle nutrition.
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ABSTRACT

Pelvic fractures occur in many traumas in cats and dogs. In this study, it was aimed to evaluate the treatment
(conservative and operative) and its results together in cats and dogs diagnosed with pelvic fracture. The study
material consisted of 223 pelvic fractures (15 acetabulum, 40 ischia, 68 ilium, 38 pubis and 62 sacroiliac separation)
detected in 27 dogs and 75 cats of different ages, breeds and genders between 2020-2022. Pelvic fracture was
diagnosed with clinical and radiological examination. It was treated conservatively and operatively (using iliosacral
screw, iliosacral pin, locking plate, cerclage, acetabular C plate). It was observed that cases with pelvic fractures
were mostly caused by falling from a height in cats and traffic accidents in dogs. It was also observed that there
could be a single fracture in the pelvis as well as multiple fractures. A total of 73 cases were operated. In 55 of the
fractures, iliosacral screw, 1 iliosacral pin, 45 locked plate, 9 cerclage application, 10 acetabular C plate and 1 excision
arthroplasty were applied. Conservative treatment was applied to 29 cases. No complications were observed in the
controls performed in the operated patients. It was concluded that good results were obtained in stabilization with
screws in cases of sacroiliac separation, and the use of locking plates in ilium fractures and the use of acetebular C
plate in acetabulum fractures could lead to a more comfortable and comfortable postoperative period.

Key words: Acetabular C plate, cats, dogs, locking plate, pelvic fractures

k3kk

Kedi ve Kopeklerde Kalga Kiriklart Uzerine Retrospektif Bir Caligma (2020-2022)
oz

Kedi ve képeklerde birgok travmada pelvik kirtklar meydana gelir. Bu calismada pelvik kirik tanist konulan kedi ve
kopeklerde tedavi (konservatif ve operatif) ve sonuglarinin birlikte degerlendirilmesi amaglandi. Calisma materyalini
2020-2022 yillarr arasinda farkl yas, cins ve cinsiyetteki 27 kopek ve 75 kedide tespit edilen 223 pelvik kirik (15
asetabulum, 40 ischi, 68 ilium, 38 pubis ve 62 sakroiliak ayrilma) olusturmustur. Pelvis kirigi tanust klinik ve
radyolojik muayene ile konuldu. Konservatif ve operatif olarak (iliyosakral vida, iliosakral pin, kilitli plak, serklaj,
asetebular C plak kullanilarak) tedavi edildi. Pelvik kirik vakalarinin kedilerde en ¢ok yiiksekten diisme, képeklerde
ise trafik kazast sonucu meydana geldigi goruldi. Pelviste tek kirtk olabilecegi gibi birden fazla kirik da olabilecegi
gozlendi. Toplam 73 vaka ameliyat edildi. Kiriklarin 55'ine iliosakral vida, 1'ine iliosakral pin, 45'ine kilitli plak, 9'una
serklaj uygulamast, 10'una asetabular C plak ve 1'ine eksizyon artroplastisi uygulandi. 29 olguya konservatif tedavi
uygulandi. Ameliyat edilen hastalarda yapilan kontrollerde herhangi bir komplikasyon gériilmedi. Sakroiliak ayrilma
durumlarinda vidalarla stabilizasyonda iyi sonugclar elde edildigi, ilium kiriklarinda kilitli plak, asetabulum kiriklarinda
ise asetabular C plak kullaniminin ameliyat sonrast ddnemi daha rahat ve konforlu gecirebilecegi sonucuna varildi.
Anahtar kelimeler: Asetabuler C plag, kedi, képek, kilitli plak, pelvik kirtklar
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INTRODUCTION

Pelvic fractures constitute at least 25% of all fractures
seen in small animal practice, therefore they are
important in traumatic injuries of dogs and cats
(Olmstead 1998; Piermattei et al. 2006; Harasen 2007).
The configuration of the pelvis, like a rectangular box,
ensures that any trauma that would cause a fracture will
result in multiple fractures. On the positive side, the
major muscle groups around the pelvis provide
significant natural stability to most fractures, often
eliminating the need for surgical repair (Olmstead
1998; Denny and Butterwort; 2000, Piermattei et al.
2006; Harasen 2007). Pelvic fractures often develop as
a result of major traumas such as traffic accidents
(Bouabdallah et al. 2020; Yurtal et al. 2022). One or
both sacroiliac joints are usually luxated in animals
exposed to posterior trauma. There is an associated
sacral fracture or combinations of long, oblique
fractures in one or both ilia. In animals exposed to side
trauma, however, the femoral head may push towards
the acetabulum, which may cause fracture of the ilium,
pubis, and acetabulum (Olmstead 1998, Harasen
2007).

Most animals (75%) with pelvic fractures heal without
surgery. The most common criteria for recommending
surgical repair of a pelvic fracture are:

- Displaced acetabulum fractures, especially involving
the 2/3 cranial of the acetabulum

- Narrowing of the pelvic canal by more than 1 /3 of
the diameter with fracture fragments;

- Neurological impairment including persistent pain
attributable to fracture

- Ipsilateral fractures of the ilium, the ischium and
pubis, resulting in an unstable hip joint (Olmstead
1998; Aksoy & Ozsoy 2003; Harasen 2007; Meeson
and Geddes 2015).

Conversely, minimally displaced fractures, fractures
beyond the cranial 2/3 of the acetabulum, cases in
which pain is well-managed, or fractures older than 7-
10 days are often best treated with cage rest (Olmstead
1998; Bouabdallah et al. 2020; Bourbos et al. 2020;
Harasen 2007).

The most common pelvic fractures for which surgery
may be considered are sacroiliac luxations, iliac
fractures, and acetabulum fractures (Aksoy and Ozsoy
2003; Piermattei et al. 2006; Harasen 2007, Boutbos et
al. 2020; Yurtal et al. 2022). Sacroiliac luxations or
fractures are a source of pain and instability, and are
the most common pelvic fracture associated with
neurological deterioration (Piermattei et al. 2000;
Harasen 2007; Meeson and Cor 2011; Sadan 20106).
The fracture or dislocation causes craniodorsal
displacement of the ilium. Surgical repair of bone
screws can be performed (Zamirbekowa et al. 2021).
The most common fractures of the pelvis are fractures
of the ilium (46% of all pelvic fractures) (Olmstead
1998; Denny and Butterwort 2000; Altunatmaz et al.

2004; Piermattei et al. 2006; Harasen 2007; Meeson
and Cor 2011; Zamirbekowa et al. 2021; Yurtal et al.
2022). These fractures are important in terms of
narrowing the pelvic canal and causing trauma to the
lumbosacral nerve trunk that branches into the sciatic
nerve. Bone plate repair is the most common and
successful method of surgical treatment (Olmstead
1998; Denny and Butterwort 2000; Altunatmaz et al.
2004; Piermattei et al. 2006; Harasen 2007; Meeson
and Cor 2011; Yurtal et al. 2022).

In addition, surgical repair is indicated for fractures of
the acetabulum. Surgical repair of acetabular fractures
with bone plates or bone screws, interfragmentary wire
can yield good clinical results if rigid fixation and
anatomical reduction are provided. If surgical repair of
the acetebulum is not possible, salvage procedures
such as femoral head and neck ostectomy are
performed (Piermattei et al. 2000).

In this study, it was aimed to evaluate the treatment
(conservative or operative) and its results in cats and
dogs with pelvic fractures brought to our hospital with
various etiologies.

MATERIAL and METHODS

Medical records and radiographs of cats and dogs with
pelvic fractures in Dicle University Veterinary Faculty
Animal Hospital Surgery Clinic between 2020 and
2022 were reviewed. According to data obtained from
medical records, gender, age, body weight, gender, and
recovery status after surgical treatment were evaluated.
The number and location of pelvic fractures were
determined on preoperative lateral and ventrodorsal
radiographs of the pelvis.

Surgical techniques were determined according to the
size and location of the fracture. For sacroiliac
luxation, stabilization of the sacroiliac joint was
achieved with the application of one or two long
cortical screws or a U-shaped percutan pin (Figure 1).
Locking plates or wires were applied to stabilize the
iliac fracture (Figure 2). Acetabular C plate was used
for stabilization of acetabular fractures (Figure 3).
Femoral head and neck osteotomy (FHO) was
performed in cases where the caput femoris was
fractured together with the acetabulum. Conservative
treatment and cage rest were recommended for ischial
ot pubic fractures.

Postoperative clinical follow-up and evaluation of
complications were based on two considerations. The
first of these was related to the incision wound. The
second was the evaluation of permanent lameness. The
degree of lameness was scored from 0 to 4 (0= no
lameness; 1= subtle lameness; 2= obvious lameness;
3= intermittent, non-weight-bearing lameness; 4=
non-weight-bearing lameness) (Kim et al. 2011).
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Figure 1: Sacroiliac separations. It is also possible to place one or two screws lateral to the sacroiliac joint. In addition,
especially in bilateral cases, a pin passed percutaneously from the ala ossis ilium from the lateral side can be advanced until it
emerges from the ala ossis ilium on the opposite side and placed in a U shape.

Figure 2: It is doubtful that the application of cerclage wire, which is passed through the holes drilled into the fragments in os
ilium fractures, will provide adequate immobilization, but nail, plate and screw applications can also be performed depending on
the localization of the fracture. In the study, plaque was applied in 45 cases and cerclage was applied in 5 cases. Functional
improvement was achieved in both applications. However, it can be said that the decrease in the costs of vinyl with the

developing technology in recent years has contributed to the widespread use of this practice.
. s . :

Figure 3: Fractutes in which the acetabulum is affected. The acetabulum is very important for the function of the coxofemoral
joint, and the application of acetabular C plate is more recommended in order to avoid complications such as coxoarthrosis in
fractures of the acetabulum that include the articular surface and have collapsed.
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RESULTS

It was obtained from the registration information that
among the total of 512 patients with trauma-induced
orthopedic fractures in 2020-2022, the number of
patients with pelvic fractures was 102 (19.92%). These
pelvic fractures were reported in 27 dogs (26.47%) and
75 cats (%73.52). Body weights ranged from 12 kg to
60 kg in dogs and between 1.2 kg and 6.2 kg in cats.
The average body weight is 23.03 kg for dogs and 2.4
kg for cats. The mean age of dogs at the time of
fracture was 2.65 years (1 to 5 years) and 1.95 years (4
months to 5 years) in cats. 14 dogs (13.72%) and 46
cats (45.09%) were male, 13 dogs (12.74%) and 29 cats
(28.43%) were female. In the clinical examination of
dogs and cats, there were different degrees of lameness
from grade 1 to grade 4.

While the cause of pelvic fractures in cats was falling
from a height (n=69, 67.64%), traffic accident (n=4,
3.92%), unknown (n=2, 1.96%), it was observed that
this condition occurred in dogs in a traffic accident
(n=21, 20.58%) and the cause of unknown origin
(n=0, 5.88%).

The distribution of the pelvic fractures of the cats and
dogs included in the study and the treatments applied
are summarized in table 1 and table 2. In this study,
which was conducted on 75 cats and 27 dogs, 223
fractures were evaluated. Because more than one
fracture was found in the pelvis of the same animal. In
addition, there were patients with bilateral iliosacral
separation (85.21% in cats, 76.92% in dogs) and
bilateral iliac fractures (32.25% in cats, 13.33% in
dogs).

Table 1. Pelvic fracture and treatment distributions of 75 cats

Fractures Treatment selection Operative Conservative
Sacroiliac
39 | lliosacral screw 35 (19 cats) 4 (2 cats)
separations
Tium Locked plate 34 (29 cats)
51 14 (9 cats)
fractures Cerclage 3 (3 cats)
Acetabular C plate 10 (10 cats)
Acetabulum | 14 | Other (Cerclage or excision 2 cats
2 (2 cats)
arthroplasty)
Ischia 28 | Cerclage 3 (3 cats) 25 (21 cats)
Pubic 27 |- - 27 (21 cats)
Total 159 | 87 fractures (54 cats) 72 fracture (21 cats)

An animal may have more than one fracture. Also, one animal had bilateral fractures.

Table 2. Pelvic fracture and treatment distributions of 27 dogs.

Fractures Treatment selection Operative Conservative
Sacroiliac Iliosacral screw 19 (11 dogs)

23 2 (1 dog)
separations U pin 2 (1 dog)
Tium Locked plate 11 (9 dogs)

17 4 (4 dogs)
fractures Cerclage 2 (2 dogy)
Acetabulum | 1 Cerclage 1 (1 dog) -
Ischia 12 | - - 12 (8 dogs)
Pubic 11 |- - 11 (7 dogs)
Total 64 | 35 fractures (19 dogs) 29 fracture (8 dogs)

An animal may have more than one fracture. Also, one animal had bilateral fractures.
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In cases with a single fracture, patients were discharged
on the same day, while patients with multiple fractures
were discharged a day later after being checked.
Discharge time for both cats and dogs who underwent
unilateral surgery was significantly shorter than those
with multiple fractures or bilateral surgery. No
implant-related complications were observed in any of
the pelvic fractures in cats and dogs, or a second
surgery was not required.

Among the cases, complications such as blood in urine
and feces were seen in 20 cats (26.6%) and 7 dogs
(25.9%) immediately after trauma, but all of them
recovered. At the initial evaluation, 3 cats (4%) and 1
dog (3.7%) had neurological symptoms and recovered.
Among the postoperative complications, local
symptoms such as accumulation of surgical site
serosity and opening of the sutures were observed in
12 cats (%106) and 3 dogs (%11). 5 cats (%06.66) with
iliac fractures showed signs of paralysis in the relevant
leg, but these symptoms disappeared spontaneously 15
days after the operation. Such a situation was not
observed in dogs.

Femoral head resection was performed in 1 cat with
displaced ilium and acetabulum fractures, but
constipation developed in the 4th postoperative
month and megacolon developed in the following
petiod.

Among the cases with sacroiliac separations, those
who were fixed with screws started pressing the next
day and their lameness scores were 0 at the end of the
first postoperative week. In iliac and acetabulum
fractures, the healing was better in plate-fixed cases,
but the same was not possible in wire-placed cases. It
took 2 months for the lameness score to be "0" in 1
cat who developed paralysis with only iliac fracture. In
cases who received conservative treatment, it took 2 or
3 weeks to be "0" according to the lameness score.
Despite functional improvement in all cases,
permanent lameness remained in 2 dogs (one case in
which a cerclage wire was applied to the ilium and
another case with multiple fractures treated
conservatively). It was seen at the end of the 4th month
that all the cats recovered.

DISCUSSION

Pelvic fractures are frequently encountered in cats and
dogs. These fractures, which make up about 25% of all
fractures in small animals, affect cats and dogs of all
ages, but this mostly occurs in young people (Kim et
al. 2011; Gant and Asztalos 2019; Arican (a) 2019;
Arican (b) 2019; Bourbos et al. 2020). In this study,
pelvic fractures constituted approximately 19.92% of
all fracture cases encountered during the two-year
period of the study. The age population in previous
studies is similar to our study. Because both the active
state of young cats or dogs during their walks and their
inexperience are thought to be effective.

In previous studies (Aksoy and Ozsoy 2003;
Altunatmaz et al. 2004; Kim et al. 2011; Saglam et al.

2016; Bouabdallah et al. 2020; Leffman and Prittie
2022), it has been reported that the etiology of pelvis
fractures is generally caused by falling from a height in
cats and traffic accidents in dogs. In our study, similar
results were obtained in previous studies. It was
determined that 67.64% of all cases occurred as a result
of falling from a height in cats, and 20.58% occurred
as a result of traffic accidents in dogs. In this case, it
can be said that the problem of cats falling from
heights contributes significantly to pelvic fractures.
The first two common causes of pelvis fractures are
falls from height and traffic accidents (Altunatmaz et
al. 2004; Hammer et al. 2019; Bouabdallah et al. 2020).
They ate also a cause of trauma. Therefore, trauma
management should be considered. and the vital values
necessary to keep the animal alive should be constantly
monitored. In addition to the evaluation of the
respiratory system and cardiovascular  system,
neurological functions should be followed up. In
addition, the patient should be followed up as a whole,
especially in terms of thoracic trauma and urinary
system trauma (Meeson and Cor 2011; Kim et al. 2011;
Sadan et al. 2016; Gant and Asztalos 2019; Parlak et al.
2021).

Treatment should be planned surgically in sacrum
fractures, ilium fractures and 2/3 cranial part (weight
bearing region) fractures of the acetabulum, displaced
fractures that cause 50% or more narrowing of the
pelvic canal (Meeson and Geddes 2015; Arican (a)
2019; Arican (b) 2019). The surgical procedure varies
according to the location and type of fracture.
Appropriate implant selection and correct reduction of
anatomical placement are associated with a favorable
prognosis after surgery (Kim et al. 2011; Arican (a)
2019; Arican (b) 2019). Conservative treatment is
considered when a fracture occurs in the pubis, ischia
or caudal 1/3 of the acetabulum (Arican (a) 2019;
Arican (b) 2019; Hammer et al. 2019). In our study, the
cases were selected by considering these
considerations while planning the surgery. In this
study, fixation with a cerclage wire was provided in
some of the cases where surgery was recommended
due to the financial burden of the owner, but the wire
alone never provided an adequate fixation. For this
reason, a more comfortable postoperative period was
passed in fractures where plate was applied.

In sacroiliac separations, repair failure may occur if the
screw length is too short or the screw is applied
suboptically. Screw migration has been reported in
some studies (Meeson and Cor 2011; Kim et al. 2011;
Hammer et al. 2019). In our study, no complications
related to screw applications were observed in cases of
sacroiliac separation. In addition, these patients had
better postoperative comfort than others. In our study,
"U pin application" was performed percutaneously in
a dog weighing 60 kg and it was observed that this dog
recovered with a lameness score of "0". It can be said
that sacroiliac separations are more comfortable than
other fractures of the pelvis.
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Acetabulum fractures are more difficult among pelvic
fractures and implant failure and bone fragment
displacement can be seen as a complication in these
fractures. The acetabular C plate application has found
application for this type of fracture (Arican (a) 2019;
Arican (b) 2019). We also used the acetabular C plate
in our study and had excellent results. The
postoperative comfort of the patients was very good,
including their gait. In only 1 cat, the acetabulum was
fixed with a cerclage wire due to C plate
incompatibility. And although this patient recovers
functionally, the result is doubtful because if a fully
compatible joint cannot be achieved in terms of
osteoarthritis, it is always risky in the long term.
Blood in the urine and stool can be seen in hip
fractures. Trauma follow-up should be performed in
these patients. Sometimes constipation is also possible.
Bowel movements of a patient who cannot walk
normally are also affected. In addition, if there is a
narrowing in the pelvic canal, the colon is adversely
affected (Kim et al. 2011; Kipfer and Montavon 2011;
Meeson and Geddes 2015; Pinna et al. 2021). In one
of the cat cases, which underwent excision arthroplasty
and planned conservative treatment, constipation was
observed at the beginning of the postoperative period
and megacolon development 4 months later, although
the pelvic canal did not completely narrow. Therefore,
in cases where the pelvic canal is affected, a good
reduction and fixation must be ensured.

It is known that the sciatic nerve may be affected,
especially in ilium fractures (Meeson and Cor 2011;
Zamirbekova et al. 2021). Some of our cases had neural
symptoms associated with the ilium fracture and these
disappeared spontancously, but a cat with a unilateral
ilium fracture gave neurological symptoms after plaque
placement. This situation was alarming, but after a
while this situation disappeared.

CONCLUSION

As a result, we think that good results are obtained in
stabilization with screws in sacroiliac separation cases
for pelvic fractures, the use of locking plate in ilium
fractures gives more effective results and the use of
acetabular C plate for acetabular fractures contributes
to the postoperative process significantly. In addition,
conservative treatment may be considered for ischial
and pubic fractures with fractures for which surgery is
not indicated.
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ABSTRACT

The domestication and artificial selection of horse for various purposes have led to the emergence of various
horse breeds, often associated with specific physical characteristics and behavioural tendencies. Understanding
individual differences in horse behaviour, particularly during interactions with humans, is essential for promoting
positive experiences and welfare. Mane grooming, a common human-horse interaction, provides valuable
information about the horse's emotional responses and the preferences. This study was conducted to determine
the behaviour of 350 horse seven different horse breeds (101 Thoroughbred horses, 96 Arabian horses, 123
Hanoverian horses, 10 Belgian horses, 6 French horses, 8 Dutch horses, 2 German horses, and 1 Hungarian
horse) during mane grooming sessions. The study involved observing the horse from the front and both sides
during the mane grooming process and face-to-face interviews with horse owners. The research aims to obtain
information about the emotional reactions of the horses by focusing on approach and avoidance behaviours, and
it investigates the effects of characteristics such as breed, age, gender and mane direction. Research has revealed
that personality differences among seven different horse breeds. Also, it shows that only 10.28 % exhibited
aggressive behaviours during the mane grooming. Some differences have been observed among breeds in terms
of mane direction. According to the results, it was concluded that breed-specific and individual characteristics
should be taken into account in care practices in order to enhance horse welfare and strengthen the human-horse
bond.

Keywords: Aggressive behaviour, grooming, horse mane
*okok

Atin Bakima Karg1 Davranisi

(074

Atlarin gesitli amagclar icin evcillestirilmesi ve seleksiyon, farklt fiziksel 6zelliklere ve davranis egilimlerine sahip
6zel at iklarinin ortaya ctkmasina yol agmustir. Ozellikle insanlarla etkilesimde at davranislarindaki bireysel
farkliliklart anlamak pozitif deneyimleri arttirmak ve hayvan refah: bakimindan 6nemlidir. Yaygin bir insan-at
etkilesimi olan yele bakimi, atlarin duygusal tepkileri ve tercihleri hakkinda degerli bilgiler saglar. Bu calisma, yedi
farklt at irkindan 350 atin (101 ingiliz att, 96 Arap at1, 123 Avrupa ati, 10 Belgika at1, 6 Fransiz ati, 8 Hollanda aty,
2 Alman at1 ve 1 Macar at1) yele bakim seanslart sirasindaki davranislarini belirlemek amactyla gergeklestirilmistir.
CGalisma, yele bakimi sirasinda attn 6nden ve her iki yandan gézlemlenmesini ve at sahipleriyle yiz yiize
goriismeleri icermektedir. Arastirma, yaklasma ve kacinma davranislarina odaklanarak atlarin duygusal tepkileri
hakkinda bilgi edinmeyi amaglamakta ve 1k, yas, cinsiyet ve yele yonii gibi 6zelliklerin etkilerini arastirmaktadir.
Aragtirma, yedi farkli at 1rki arasinda kisilik farkliliklari oldugunu ortaya koymustur. Ayrica, sadece %10,28'nin
yele timart sirasinda agresif davranglar sergiledigini géstermektedir. Yele yont bakimindan irklar arasinda bazi
farkliliklar gbzlenmistir. Arastirma sonucuna gore, at refahint artirmak ve insan-at bagini giiclendirmek amactyla
bakim uygulamalarinda irka 6zgii ve bireysel 6zelliklerin dikkate alinmasi gerektigini sonucuna varilmustir.
Anahtar Kelimeler: Agresif davranss, at yelesi, tiras
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INTRODUCTION

During the domestication of horses, certain traits
were selected through artificial selection to serve
different purposes, leading to the emergence of
various domestic horse breeds. The process of
artificial selection often focuses on physical traits
such as size, strength and speed (Clutton-Brock
1999). However, desired behaviours have also been
taken into consideration (Hislop 1992; Houpt and
Kusunose 2000). Different horse breeds are
commonly associated with specific behavioural
tendencies, and such claims are often supported by
anecdotal evidence from passionate breed enthusiasts.
Breeds promote the group by describing its typical
temperament and personality. For example, the
Highland pony is known for its "kindly nature and
even temperament” (Highland Pony Society 2000),
while the Irish draught horse is described as having
"an intelligent and gentle nature and is noted for its
docility and sense" (Irish Draught Horse Society of
Great Britain 2006). As a result, it is anticipated that
different horse breeds have different personalities.
The term "personality" in this context refers to the
consistent patterns of feeling, thinking, and behaving
in an individual (Pervin and John 1997). While the
application of this definition to animals has
limitations, studies on horse personality have focused
on observing behaviours to establish individual
differences rather than attempting to assess feelings
or thoughts, which is challenging or impossible to do.
Recent studies have explored that assessing individual
differences through behaviour tests and through
ratings provided by handlers (Le Scolan et al. 1997,
Wolff et al. 1997; Anderson et al. 1999; Seaman et al.
2002; Creighton 2003; Momozawa et al. 2003; Visser
et al. 2003b; Momozawa et al. 2005). These studies
have shown that it is possible to reliably evaluate
individual differences in horse behaviour, and there
have been discussions about potential applications of
this knowledge (Mills 1998).

Horse behaviour toward groomers and mane
grooming is a type of interaction with humans that
can vary based on individual temperament and past
experiences (Lansade et al. 2021; Merkies and Franzin
2021). Mane grooming involves combing, detangling,
and styling the mane, which is the long hair along the
top of the horse's neck. For many horses, the
relationship with their groomers plays a significant
role in how they respond to mane grooming. Some
horses thoroughly enjoy the attention and relaxation
that comes with the grooming process and may stand
still and content during mane grooming sessions.
They may even nuzzle the groomer or show signs of
pleasure, such as lowering their heads or gently
swaying their bodies (Lansade et al. 2019). These
horses have likely developed a positive association
with grooming and trust the groomer's touch.
Conversely, some horses may feel uneasy or anxious
about mane grooming, especially if they are not

familiar with the process or have had negative
experiences in the past (Lansade et al. 2018). These
horses may display signs of resistance, such as
moving away, raising their heads, or tensing their
muscles (Lansade et al. 2019). Mane grooming can be
particularly sensitive for some horses, as the mane
can tangle easily, and detangling might cause
discomfort or pain.

The direction of a horse's mane is primarily
determined by genetics and the development of hair
follicles on the neck (Svensson et al. 2012; Whishaw
& Kolb 2016). In most horses, the mane typically
grows and falls on either the left or right side of the
neck. Some horses may have deviations from the
standard left or right mane, with hair growing on
both sides or in a non-conforming manner.

The enchanting and unique aspect of horses lies in
their beautiful and lustrous mane and tail. Similar to
how people have various hairstyles, horses can exhibit
different mane "styles" (Jo King 2021). Besides being
visually attractive, horse manes serve several
purposes, such as pest control, protection, and
providing a grip for riders during the eatly stages of
domestication (Jo King 2021). It's important to note
that the direction of the mane does not have any
impact on a horse's behaviour or performance; rather,
it is mainly an aesthetic characteristic (Whishaw &
Kolb, 2016). Horse behaviour toward groomers and
mane grooming can range from cooperative and
relaxed to apprehensive and resistant (Lansade et al.
2018). Building trust and understanding the horse's
preferences and comfort levels are essential for
creating a positive and enjoyable grooming
experience. Mane grooming with patience, kindness,
and sensitivity can become a rewarding part of the
human-horse telationship, contributing to the horse's
overall welfare and fostering a deeper bond with their
human caretakers (Bastian 2022).

The aim of this study is to investigate the various
behaviours exhibited by seven different horse breeds
during mane grooming sessions. The main purpose of
this research is to evaluate horses' behavioural
responses to grooming, specifically by observing
approach and avoidance behaviours. Additionally, the
study investigates the impact of characteristics such as
horse breed, age, gender, and mane direction on
grooming responses.

MATERIALS and METHODS

Animal Materials

The study's animal materials consisted of horses from
equestrian clubs and stud farms located in different
cities in Turkey (Mersin 2 clubs, Adana 4 clubs,
Konya 1 club, Eregli 2 clubs, Osmaniye 2 clubs,
Istanbul 2 clubs, Antalya 2 clubs, Tarsus 1 club,
Gaziantep 1 club, and Ankara 1 club). Behaviour data
from 350 horses from seven different horse breeds
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were collected and compared. Horses' breed, age,
gender, and coat colour were obtained from the
pedigree records kept by the High Council of
Stewards of the Ministry of Agriculture and Forestry.

The horses diet included oats, batley, hay, apples, and

carrots. Table 1 shows the horses breed age and
gender information used in the study.

Table 1. The numbers, ages, genders, and breeds of the horses used in the study

Horse Breed Male Horse Female Horse Minimum Maximum Average Age

Number Number Age (Year) Age (Year) (Year)
Thoroughbred 52 49 1 22 6.24
Arabian 59 37 2 17 6.54
Hanoverian 80 43 2 30 12.14
Belgian 6 4 6 16 13.4
French 3 3 10 16 12.5
Dutch 6 2 2 11 6.875
German 2 - 14 18 16
Hungarian - 1 16 16 16

Observations

Horse behaviours

The horse behaviour consisted of two behavioural
categories:  aggressive  behaviour and  relaxed
behaviour. Interview with the horse owners on the
behaviour of their horses during the grooming
process and specifically noted whether the horses
displayed any signs of aggression. Among the
behaviours associated with aggression were biting,
striking, rearing, not permitting grooming, and even
throwing themselves on the ground. When horses
exhibited resistance during the grooming process,
various strategies and methods were employed to
overcome this resistance. Typically, when the
grooming process commenced, horses attempted to
endure the procedure patiently for the first 10
minutes. If a horse continued to resist, approaches
such as increasing the number of caregivers were
attempted. In such cases, additional individuals were
brought in to participate in the grooming process to
help the horse remain calmer. However, if the horse
continued to resist, rope twitch was used, attached to
the horse's nose to gain control over the horse. The
rope twitch was employed to encourage the horse to
remain calm and cooperative. The grooming process
extended to an average of 30 minutes. If, after this
30-minute duration, the horse still did not permit the
grooming process, two main options were
considered. The first was sedating the horse, and the
second was discontinuing the grooming process.

Horse Mane Direction

The horse mane direction was categorized into three
types: left mane root, right mane root, and split
(where the mane falls on both sides). The grooming
process was done using horse clipper (Heiniger Delta
3 Clipper, Switzetland). The study documented the
direction of the manes of the hotses, as well as the

direction in which the manes grew back after being
groomed. Mane directions were determined through a
combination of observation and face-to-face
interviews with horse owners. The examination
involved observing the horse from the front and both
sides.

RESULTS

Horse behaviours

The Dutch, Belgian, French, and Hungarian horse
breeds did not show any sign of aggression. During
mane grooming session, cases of aggression were
observed in Thoroughbred horses mostly. Out of a
total of 52 male Thoroughbred horses, 15 of them
displayed aggressive behaviour when their manes
were shaved. Out of 49 female Thoroughbred horses
11 horses have shown aggressive behaviour during
mane grooming. This indicates that 25.74% of
Thoroughbred = horses  expressed  aggressive
behaviour.

Among a group of 59 Arabian male horses, only 3
horses exhibited aggression during the grooming
session. Out of 37 Arabian female horses, 6 of them
showed aggression during the grooming session.
Thus 9.375% of Arabian horses expressed aggression.
Out of a 123 Hanoverian horses, only one female
horse with a left mane root showed aggression,
representing 0.81% of the Hanoverian horse subjects.
Among the two German male horses observed, one
horse exhibited aggression during the grooming
session. This particular horse had a mane directed to
the right. Table 2 provides information about the
aggression displayed by horses during mane grooming
sessions.
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Table 2. Numbers of the aggressive horses by breed, age, gender, and coat colour

Variables

Horse Breeds

Thoroughbred Arabian Hanoverian German

Age

1-4 17 6 1 _

5-9 6 3 - _

10-18 3 - - 1
Gender

Male 15 3 - 1

Female 11 6 1 _
Coat colour

Bay 14 1 - -

Black 5 - - -

Chestnut 2 5 1 _

Flea-Bitten Gray - 1 - -

Dapple Gray 2 - 1

Mahogany Bay 5 - - _

Horse Mane Direction

Among the 15 Thoroughbred aggressive male horses,
6 had a right mane, 6 had a left mane, and 3 had a
split mane. In total 23 of the 52 male Thoroughbred
horses had left mane, 19 right mane and only 10 with
split mane. 4 of the 11 aggressive female horses had
right mane and 7 of the 11 aggressive female horses
had left mane. In total 25 of the 49 female
Thoroughbred horses had left mane, 21 right mane
and only 3 with split mane. The manes of five
Thoroughbred horses were completely shaved from
the root, and no change in the direction of the manes
was observed.

Out of 59 Arabian male horses observed, 19 had a
left mane, 35 had a right mane, and 5 had split mane.
Among the aggressive Arabian male horses, 2 had a
left mane, and 1 had a right mane. Similarly, among
the 37 observed Arabian female horses, 13 had a left
mane, 23 had a right mane, and 1 had split mane.
Among the aggressive Arabian female horses, 2 had a
left mane, and 4 had a right mane. The manes of eight
Arabian horses were completely shaved from the
root, and no change in the direction of the manes was
obsetved.

Among the 123 Hanoverian horses observed, only
one female horse with a left mane root displayed

aggression. Out of the 80 male Hanoverian horses, 34
had a left mane, 40 had a right mane, and 6 had a split
mane. Among the 43 female Hanoverian horses, 14
had a left mane, 25 had a right mane, and 4 had a split
mane. The manes of four Hanoverian horses were
completely shaved from the root, and no change in
the direction of the manes was observed.

In the observed sample of horses, there were 6 male
Dutch horses, with 3 having a right mane, 2 having a
left mane, and 1 having a split mane. Among the 2
female Dutch horses, both had a left mane. Two
German male horses were also observed, one with a
right mane and the other with a left mane. In the case
of the 10 Belgian horses, there were 3 male horses
with a right mane and 3 male horses with a left mane.
Among the 4 female horses, 3 had a right mane, and
1 had a left mane. Among the 6 French horses, 3
male horses were observed, all of which had a right
mane. Out of the 3 female hotses, 2 had a left mane,
and 1 had a split mane. The mane of one French
horse was completely shaved from the root, and no
change in the direction of the mane was observed.
Additionally, one female horse from Hungary had a
left mane. Table 3 provides the number of horses
according to mane direction.
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Table 3. Number of horses according to mane direction

Horse Breeds Gender Left Mane Right Mane Split Mane

Male 23 19 10
Thoroughbred

Female 25 21 3

Male 19 35 5
Arabian

Female 13 23 1

Male 34 40 6
Hanoverian

Female 14 25 4

Male 3 3 -
Belgian

Female 1 3 -

Male - 3
French

Female 2 - 1

Male 2 3 1
Dutch

Female 2 - -

Male 1 1 -
German

Female - - _

. Male - - -

Hungarian

Female 1 - -

DISCUSSION

Lansade et al. (2019) conducted a study involving 69
horses during grooming sessions to evaluate their
behaviour. Their findings indicated that only 5% of
the observed horses showed mutual grooming,
approach, or relaxed behaviour, while avoidance and
threatening  behaviours were observed in a
significantly higher number of horses. The study
revealed that the expression of avoidance or approach
behaviours was not influenced by the gender or breed
of the horses. This suggests that these behaviours
might be more attributable to the grooming approach
used rather than inherent characteristics of the horses
themselves. Notably, the observation method used in
the study was consistent with a previous study by
Lansade et al. (2018), where 100% of the horses
exhibited an approach response during gentle
grooming adapted to their individual reactions.

The results suggest that there may be personality
differences among the seven horse breeds evaluated
in this study. In total out of 350 horses 36 horses had
aggressive behaviour. This indicates that only 10.28%
of horses expressed aggressive behaviours. Gender,
age, and mane direction had no impact on the
number of horses expressing aggressive behaviour
and relaxed behaviour. It can be argued that the
behaviour of horses during the grooming session
could influenced by their breed, particularly evident in
Thoroughbred horses. Also, the character of the
horse and the way the mane was shaved may
influence the behaviour of the horses.

Improving grooming practices to elicit positive
behaviours in horses is relatively straightforward. In a
study by Feh and de Maziéeres (1993), they found that
massaging the horse in its preferred zones led to
many positive behaviours. Discovering the horse's

preferred zones involves being observant of their
approach and avoidance behaviours, as well as paying
attention to facial expressions, which can be

particulatly sensitive indicators of the horse's
emotional state (Hintze et al. 2016; Lansade et al.
2018).

Positive emotional states during grooming can be
identified by a raised eyebrow, low neck carriage, half-
closed eyes, and extended lips. These signs should
encourage the handler to continue brushing that area.
Conversely, negative emotional states are indicated by
a raised neck, wide-open eyes, and even slight tensing
of the mouth corners. If these signs are noticed, the
person should adjust their grooming or grooming
approach accordingly. Additionally, it is crucial for
the handler to be aware of any grimaces of pain, as
described by Dalla Costa et al. (2014), which should
immediately prompt them to stop and assess the
situation.

During the study, it was observed that Thoroughbred
horse subjects tended to slightly have more left manes
with percentage of 47.52%, whereas Arabian horses
showed a higher prevalence of right manes with a
percentage of 60.42%. Similarly, Hanoverian horses
displayed a slightly more noticeable prevalence of
right manes with a percentage of 51.22%. In contrast,
Dutch horse subjects exhibited a greater occurrence
of left manes, while Belgian horse subjects had a
higher prevalence of right manes.

It is important to acknowledge that these variations in
mane direction among different horse breeds were
observed but did not exhibit substantial differences.
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CONCLUSION

In conclusion, this study provides valuable insights
into the behaviours of seven horse breeds during
mane grooming sessions. We examined potential
influences on their grooming reactions, such as
gender, age, mane direction, and breed characteristics.
Compassionate grooming practices are essential for
enhancing horse welfare and strengthening the
human-horse bond. Differences in personality among
breeds were observed, but not all pairs showed
significant distinctions. Only a small percentage of
horses exhibited aggressive behaviours (10.28%).
Mane direction is primarily influenced by genetics,
and while variations were noted among breeds, they
were not significant. Considering  individual
differences and breed-specific traits can lead to a
positive and enjoyable grooming experience for both
horses and groomers, fostering a deeper bond
between humans and horses.
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ABSTRACT

In this study, it was aimed to determine the lactic acid bacterium (LAB) counts and viability of fermented lactic acid
bacteria liquids (pre-fermented juice (PF))) prepared with different levels of sucrose (3%, 5% and 10%) addition and
incubation at different times (2, 5 and 10 days), using different cryoprotectants (trisodiumcitrate (TRIS) and
dimethylsulfoxide (DMSO)), freezing and lyophilization, and at the end of different storage periods (one and three
months). In frozen PEJs, the highest LAB counts were obtained in the TRIS and 5% sucrose supplemented group
incubated for 5 days in a one-month storage period, and in the TRIS and 10% sucrose supplemented group incubated
for 5 days at the end of the three-month storage period (p<<0.01). At the end of one month of storage, the highest LAB
numbers in lyophilized PFJs were obtained in groups incubated for 5 days and supplemented with 10% sucrose with
TRIS and DMSO. In lyophilized PEJs subjected to 3-month storage, the highest LAB numbers were determined in the
TRIS and 5%-10% sucrose-supplemented groups incubated for 5 days and in the DMSO and 5% sucrose-
supplemented group incubated for 2 days (p<<0.01). When the results obtained in the study were evaluated in general, it
was observed that the viability ratios of LAB decreased due to the sucrose level and the prolongation of incubation and
storage time. It can be said that cryoprotectant additive has a positive effect on the preservation of LAB and
Iyophilization process is advantageous compared to freezing in the deep freezer.

Keywords: Freezing, lactic acid bacteria, lyophilization
ook

Farkli Sekillerde Hazirlanarak Degisik Stirelerde Depolanan Liyofilize Edilmis ve Dondurulmug Dogal
Laktik Asit Bakteri Stvilarinin Laktik Asit Bakteri Sayilarinin Belirlenmesi

(074

Bu ¢alisma kapsaminda, farkli seviyelerde stikroz ilavesi (%03, %5 ve %10) ve farkli stirelerde inkiibasyonla (2, 5 ve
10 glin) hazirlanmis fermente edilmis laktik asit bakteri (LAB) stvilarinin (pre-fermented juice (PF])), farkl
kryoprotektan maddeler (trisodyum sitrat (TRIS) ve dimetil siilfoksit (DMSO)) kullanilarak, dondurma ve
liyofilizasyon ile farkli depolama streleri (bir ve l¢ ay) sonunda LAB sayilari ve canliliginin belirlenmesi
amaglanmistir. Dondurulan fermente edilmis LAB sivilarinda en yiiksek LAB sayilart bir aylik depolamada 5 giin
inkiibe edilen TRIS ve %5 stkroz katkili grupta elde edilirken, ti¢ aylik depolama siiresi sonunda ise 5 giin inkiibe
edilen TRIS ve %10 siikroz katkili grupta elde edilmistir (p<0.01). Liyofilize edilmis PFJ’lerde en yitksek LAB
sayilart bir aylik depolama stiresi sonunda TRIS ve DMSO katkili %10 stkroz eklenerek 5 giin inkiibe edilen
gruplarda elde edilmistir. Ug aylik depolama uygulanan liyofilize edilmis PF]'lerde ise en yiiksek LLAB sayilar1 5 giin
inkiibe edilen TRIS ve %5-%10 siikroz katkili gruplarda ve 2 giin inkiibe edilen DMSO ve %5 sukroz katkilt
grupta belirlenmistir (p<<0.01). Calismada elde edilen sonuglar genel olarak degerlendirildiginde; stikroz seviyesi ile
inkiibasyon ve depolama siiresinin uzamasina baglt olarak LAB’nin canlilik oranlarinda azalmalar gérilmistiir.
Kryoprotektan katkisinin  LAB’nin  korunmasinda olumlu etki yaptigi, liyofilizasyon isleminin ise derin
dondurucuda dondurulma islemine gére avantajlt oldugu séylenebilir.
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INTRODUCTION

Short-term  (simple methods) and long-term
preservation methods (modern methods) are used for
the preservation of lactic acid bacteria inoculants
(Haigh et al. 1987). Short-term preservation methods
include transfer, preservation under liquid paraffin,
preservation in distilled water and drying, while long-
term preservation methods include lyophilization and
deep freezing. Nowadays, lyophilization and deep-
freeze preservation are preferred among long-term
drying techniques for the preservation of both
commercial lactic acid bacteria (LAB) inoculants used
as silage additives and microorganisms used in
microbiology (Oztiirk and Cakir 2015). Lyophilization
is the drying process of biologically derived materials
with high moisture content or aqueous solutions
under very low pressure by removing (desorption) the
frozen free water particles in the material to be
lyophilized by creating suitable conditions by
sublimation (Meryman 1960). There are many factors
affecting microbial viability and activity in the
lyophilization process. These factors can be listed as
the genus, species, strain, age, medium, cell density
before lyophilization, composition of the protective

In the study, fermented LAB liquids were prepared by
adding sucrose at different levels (3%, 5% and 10%)
and incubated for different times (2, 5 and 10 days).
At the end of the incubation times, TRIS and DMSO
were added to the fermented LAB liquids and the
frozen or lyophilized dried LAB liquids were stored
for one and three months and LAB numbers were
determined.

Preparation of fermented lactic acid bacteria
liquid

The fermented LAB liquid was prepared according to
the method reported by (Masuko et al. 2002).
However, the amount of pure water used was
reduced to increase the microbial density. For this
purpose, 1000 ml of pure water was added to 3000 g
of fresh alfalfa plants and the mixture was
disintegrated for 2 minutes with the help of a mixer.
The plant liquid mixture obtained after the process
was filtered through two layers of cheesecloth. The
filtrate was transferred to 50 ml sterile plastic falcon
tubes with screw caps and the groups without
additive, with 3%, 5% and 10% sucrose addition were
formed. The groups without additive, with 3%, 5%
and 10% sucrose addition were incubated at 30 °C for
2, 5 and 10 days. After each incubation period, the
fermented LAB liquids were centrifuged at 2000 rpm
for 4 minutes to increase the LAB density. After
centrifugation, 20% of the liquid remaining on top
was removed. At the end of each incubation period, 1
ml of fermented LAB liquid was placed in 10 ml
sterile bottles for lyophilization and freezing. No
cryoprotectant was added to the groups without
additives, 20% (v/v) of 50% TRIS solution was

medium used, the atmosphere in which the culture is
protected after lyophilization (vacuum, inert gases,
etc.), the amount of moisture remaining in the
culture, storage conditions (temperature, time, light),
the composition and temperature of the solution used
in dilution. Apart from these, factors such as the
system used in lyophilization,  pre-freezing
temperature, etc. are also known to be effective on
microbial viability and activity. Bacterial cultures can
be preserved as frozen and as lyophilized. When
frozen cultures are preserved under appropriate
conditions, they maintain their viability during
storage. When stored under optimum conditions,
they can remain viable for years (Tedeschi and De
Paoli, 2011; Peiren et al. 2015). The purpose of this
study was to ascertain the LAB numbers of
fermented LAB liquids that had been made with
varying amounts of sucrose addition, incubated for
varying lengths of time by freezing in a deep freezer,
dried using the lyophilization technique, and stored
for one and three months.

MATERIALS and METHODS

added to the TRIS groups, and 0.1% (v/v) DMSO
was added to the DMSO groups, and lyophilization
as well as deep freezing were performed. Thus, for
each incubation period (2, 5 and 10 days), a total of
324 sterile bottles were formed with three replicates
for the lyophilization and deep-freezing groups by
adding TRIS and DMSO to the groups without
additives, with 3%, 5% and 10% sucrose additions.

Lyophilization and deep-freezing process

Sterile special lyophilization bottles were replicated in
15 replicates, and the slit stoppers of the
lyophilization bottles were half closed to allow the
lyophilization process. In the first stage of the
lyophilization process (pre-freezing phase), the
lyophilization bottles were frozen at -80 °C for 24
hours and transported under liquid nitrogen vapor to
the lyophilization device (Scanvac Coolsafe 55-4)
which was started one hour before the start of the
lyophilization process and placed on the shelves of
the lyophilization device. The vacuum pump of the
lyophilization device was operated to start the
lyophilization process and the primary drying phase
was carried out for 30 hours. At the end of the
lyophilization ~ process, the slit lids of the
lyophilization bottles were closed without letting air
into the system thanks to the mechanism pre-adapted
to the lyophilization device. After the completion of
the lyophilization process, each sucrose level,
incubation time and moisture contents of the
lyophilized LAB liquids for the groups without
additives, with DMSO and TRIS additives were
determined in 3 replicates for each group. The
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lyophilized  products were preserved in the
refrigerator at +4 °C for one and three months.

LAB liquids to be stored using the freezing process
were prepared in the same way. Before freezing, the
air remaining in the closed bottles was removed with
the help of a vacuum motor fitted with a syringe
needle. The bottles containing the vacuumed LAB
liquids were preserved in a deep freezer at -21 °C for
one- and three-months during storage.

Lactic acid bacteria counting

LAB counting of the fermented LAB liquids obtained
before incubation, after incubation, and after storage
for one and three months was carried out according
to the Tempo automatic bacterial counting device test
method in 3 replicates for each group. For this
purpose, the Tempo LAB device (bioMerieux,
Marcyl'Etoile France) was used for LAB counting
according to the recommended method (REF-80
071).

Statistical analysis

Statistical ~analysis was applied according to
3x3x3x2x2 (incubation time x sucrose level x
protector x storage time x storage method) factorial
experimental design in the evaluation of the data
obtained as a result of the study. In this context, the
effects of sucrose level, incubation periods,
cryoprotectant type, lyophilization and deep-freezing
processes and storage periods of one and three
months were analyzed. General Linear Model (GLM)
was used to determine the significance of the mean of
the data and was determined by Duncan's multiple
comparison test (P<0.01). For this purpose, SAS
(1989) package program was used.

RESULTS

The dry matter, crude ash, crude protein, acid
detergent fiber (ADF) and neutral detergent fiber
(NDF) values of fresh alfalfa plant (Medicago sativa)
used in the preparation of fermented LAB liquids in
the study were determined as 19.21%, 13.19%,
31.11%, 18.70% and 29.59%, respectively; buffering
capacity as 670 meq/kg; water-soluble carbohydrate
(WSC) content as 64.6 g/kg and LAB number as
1x105 cfu/g. Interaction analyses and sources of
interactions for one and three months of storage of
LAB liquids incubated at different levels of sucrose
addition (3%, 5% and 10%) and for different periods
(2, 5 and 10 days), frozen in deep freezer with TRIS
and DMSO additives and dried by lyophilization
process are presented in Table 1 and Table 2. When
Table 1 and Table 2 were examined, sucrose level,
incubation time, cryoprotectant type, storage method
and storage time showed significant differences
(P<0.01). It has been observed that incubation time,
storage method, storage period and cryoprotectant
type affect the survivability of lactic acid bacteria.

The LAB numbers of fresh material, non-additive,
TRIS and DMSO-additive, deep-frozen and
lyophilized and dried LAB liquids obtained by
incubating with different levels of sucrose for
different petiods are presented in Table 3 (cfu/ml)
before one- and three-months storage. The highest
LAB numbers in fermented LAB liquids frozen in
deep freezer with TRIS and DMSO addition were
obtained from 10% sucrose added groups (9.33x1010
and 4.67x10° cfu/ml) in 2 days incubation. In the
lyophilized and dried groups, the highest LAB values
were obtained from the groups to which 5% and 10%
sucrose were added (8.67x1010 and 2.67x10'cfu/ml)
in 5 days of the incubation period. In the fermented
LAB liquids frozen in the deep freezer by adding
TRIS and DMSO, it was observed that the LAB
numbers increased with the increase in sucrose level
in 2 days of incubation time, while LAB number
decreased with the increase in sucrose level in 5- and
10-day incubation times (P<0.01).

In the fermented LAB liquids dried by lyophilization
with the addition of TRIS and DMSO, the LLAB
number decreased with the increase in sucrose level
in the 2 days of incubation period. In the 10 days of
incubation period, it was observed that the LAB
number decreased due to the increase in sucrose level
in the TRIS additive groups. In the DMSO additive
group, it was observed that there was a decrease in
the group with 5% sucrose addition (P<0.01).

The LAB viability ratios of lyophilized and dried LAB
liquids without additives, with TRIS and DMSO
additives, obtained by incubating for different periods
of time with different levels of sucrose addition,
compared to the freshly prepared group before
storage for one and three months are given in Table
4.

The LAB values (cfu/ml) of the fermented LAB
liquids made by adding vatrious amounts of sucrose
and incubating for various lengths of time after
freezing in the deep freezer and lyophilized and
stored for one month are presented in Table 5. In the
samples stored in the deep freezer for one month, the
highest LAB values were obtained with 5% sucrose
(5.33x1010 cfu/ml) in 5-day incubation time in the
group which TRIS was added. In the DMSO added
group, it was determined with the addition of 10%
sucrose (1.47x10° cfu/ml) in 2-days incubation time
(P<0.01). In the samples dried by lyophilization and
stored for one month, the highest LAB values were
obtained in the group with 10% sucrose in 5-day
incubation time in both the TRIS- (9.00 x 1010
cfu/ml) and DMSO-added (1.00 x 10! cfu/ml)
groups (P<0.01).

The lowest LAB numbers of lyophilized and dried
LAB bacterial liquids after one month of storage were
obtained with 10 days of incubation and 3% sucrose
(2.67x106 and 3.00x107 cfu/ml) addition in TRIS and
DMSO additive groups (P<0.01). Similarly, it was
observed that 10 days of incubation period had a
negative effect on the number of viable LAB after
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one month of storage in LAB liquids frozen in deep
freezer with TRIS and DMSO addition.

At the end of one month of storage in deep freezer,
the lowest LAB numbers were determined in the
group with 3% sucrose (3.33x106 cfu/ml) addition
with TRIS additive in 10 days of the incubation
period. In the DMSO additive group, it was obtained
as a result of 5% and 10% sucrose additions in 5 and
10 days of incubation periods (P<0.01). The highest
LAB values were obtained with 5% sucrose addition
(5.33x1010 cfu/ml) in 5 days of incubation and with
TRIS additive, and with 10% sucrose (1.00x10!!
cfu/ml) addition in 5 days of incubation in the deep-
frozen, lyophilized and dried samples. While the
values obtained from the samples frozen in deep
freezer with DMSO additive were generally low, the
LAB values obtained from lyophilized and dried
samples in 2 and 5 days of daily incubation and 10%
sucrose addition were found to be the highest
(P<0.01).

The moisture contents of the LAB liquids obtained
by lyophilizing and drying the fermented LAB liquids
obtained by adding different levels of sucrose (3%,
5% and 10%) and incubating for different periods (2,
5 and 10 days) are presented in Table 6. While the
lowest moisture contents of the lyophilized LAB
liquids were obtained with 3% sucrose addition and
in 2 days of incubation (8.22%, 8.39% and 8.95%),
the highest moisture contents were obtained with
10% sucrose addition in 10 days of incubation
(15.09%, and 16.64%) in non-additive and DMSO
groups (P< 0.01). In TRIS groups, the highest
moisture content was observed in the 5D10%S group
(P<0.01).

The LAB viability ratios of TRIS and DMSO additive
deep frozen and lyophilized and dried LAB liquids
obtained by incubating with different levels of
sucrose for different periods of time are given in
Table 7.

When the fermented LAB liquids lyophilized and
frozen in the deep freezer with TRIS and DMSO
additives were compared with the freshly prepared
group, the highest LAB viability ratios were obtained
from TRIS additive groups. In DMSO additive
groups, the microbial viability ratio decreased up to
28% due to the prolonged incubation period. In
lyophilized and dried liquids, it can be said that
generally the LAB viability ratios obtained from TRIS
and DMSO additive groups in 2 and 5 days of
incubation were higher than the viability ratios
decreased in 10 days of incubation.

The results of the 3-month trial are presented in
Table 8 (cfu/ml). In the samples stored in the deep
freezer for three months, while the highest LAB value
was obtained with 10% sucrose (8.33x10° cfu/ml)
addition in the TRIS additive group in 5 days of
incubation, the highest LAB value was obtained with
10% sucrose (3.67x106 cfu/ml) addition in the
DMSO additive group in 2 days of incubation
(P<0.01).

While the highest LAB values in LAB liquids dried by
lyophilization process and stored for three months
were obtained with 10% sucrose (4.60 x1010 cfu/ml)
addition in the TRIS additive group in 5 days of
incubation, the highest LAB values were obtained
with 5% sucrose (7.33x1010 cfu/ml) addition in
DMSO additive group in 2 days of incubation
(P<0.01). In general, it was observed that 10 days of
incubation in TRIS addition as well as 5 and 10 days
of incubation in DMSO addition had a negative effect
on the number of viable LAB after three months of
storage in lyophilized and dried LAB liquids. While
the lowest viable LAB numbers after three months of
storage in lyophilized and dried LAB liquids were
obtained with 10 days of incubation and the addition
of 3%, 5% and 10% sucrose (1.23x106, 1.50x10¢ and
1.27x106 cfu/ml) in TRIS additive groups, it was
obtained with 10 days of incubation and 3% suctrose
level (7.00x10¢ cfu/ml) in DMSO additive groups.
Similarly, it was observed that three months of
storage time had a negative effect on LAB number in
all incubation times (2, 5 and 10 days) in deep frozen
LAB liquids with DMSO addition.

The lowest LAB number in deep frozen LAB liquids
after three months of storage was obtained in 5 days
of incubation and with 3% sucrose (6.00x10¢ cfu/ml)
in TRIS additive group and in 10 days of incubation
with 3%, 5% and 10% sucrose in DMSO additive
group (P<0.01). LAB values obtained in 5 days of
incubation and with 10% sucrose addition (8.33x10°
and 4.60x10'0 cfu/ml) were the highest (P<0.01) in
the groups prepared with TRIS additive and frozen in
deep freezer and lyophilized and stored for three
months. While the LAB values obtained from the
samples prepared with DMSO additive and frozen in
the deep freezer were generally low, the value
obtained in 2 days of incubation and with 5% sucrose
addition (7.33x101° cfu/ml) was the highest in the
lyophilized dried samples (P<0.01). When the LAB
values obtained at the end of the three-month storage
period (Table 8) were examined, it was found that the
LAB numbers obtained in 2- and 5-day incubation
periods in the groups dried by lyophilization process
with TRIS additive were close to the values obtained
from freshly prepared LAB liquid. It was also
observed that LAB loss was less due to TRIS
addition. On the contrary, the values obtained from
the TRIS additive groups, which were lyophilized,
dried and stored for three months by adding different
sucrose levels (3%, 5% and 10%) at the end of the 10
day of the incubation period, were found to be lower
than the values obtained from freshly prepared LAB
liquid, and LAB loss was observed to be higher in
these groups. When the values presented in Table 8 at
the end of the three-month of storage period were
examined, it was observed that the number of LAB
decreased in the groups stored in the deep freezer
with the addition of DMSO due to the prolongation
of the incubation time (P<0.01).
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The LAB viability ratios of TRIS and DMSO additive
deep-frozen and lyophilized and dried LAB liquids
obtained by incubating with different levels of
sucrose for different periods are given in Table 9.
When the fermented LAB liquids frozen in deep
freezer with TRIS and DMSO additives were
compared with the freshly prepared group, while the
highest LAB viability ratios were obtained from the

TRIS additive groups, the viability ratio decreased
from 59% to 17% in the DMSO additive groups due
to the prolonged incubation period. In lyophilized
and dried LAB liquids, while the highest viability
ratios were obtained from TRIS and DMSO additive
groups (74%-99%) in 2 and 5 days of incubation, the
viability ratios decreased in 10 days of incubation.

Table 1. Interaction analyses (Log10) for one- and three-month storage of frozen and lyophilized LAB
liquids with different levels of sucrose addition and incubated for different periods of time.

1 Month Storage Time 3 Month Storage Time
Storage Type Storage Type
Incubation Time, Sucrose Level Protector
Freezing Lyophilized Freezing Lyophilized
Days % Type

TRIS 9.42 10.45 8.60 10.44

: DMSO 8.63 10.00 5.00 9.97

TRIS 9.59 10.71 8.00 10.00

2 ° DMSO 8.90 10.64 5.48 10.62
TRIS 9.80 10.00 8.88 10.10

1 DMSO 9.15 10.98 6.56 10.86

TRIS 7.48 10.48 6.78 10.48

: DMSO 8.20 10.55 3.00 9.90

TRIS 10.73 10.71 9.52 10.60

° > DMSO 3.00 10.10 3.00 8.95
TRIS 10.00 10.95 9.92 10.66

1 DMSO 3.00 11.00 3.00 8.59

TRIS 6.52 6.42 6.48 6.09

’ DMSO 4.48 7.48 2.00 6.84

TRIS 10.10 6.82 9.52 6.18

10 > DMSO 3.00 7.75 2.00 7.75
TRIS 10.18 6.63 7.10 6.09

10 DMSO 3.00 8.07 2.00 8.00

Incubation Time: 2, 5 and 10 days; Sucrose Level: 3%, 5% and 10%; TRIS: Trisodium citrate; DMSO: Dimethyl sulfoxide.
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Table 2. Interaction sources for one- and three-month storage of frozen and lyophilized LAB liquids with

different levels of sucrose addition and incubation for different periods of time.

Interaction Source F Value Significance P
Month 12750.53 0. 000 ok
Sucrose 699.23 0. 000 ok
Incubation time 40514.93 0. 000 ok
Protector 49654.93 0. 000 ok
Storage 79540.26 0. 000 ok
Month*Sucrose 145.95 0. 000 ok
Month*Incubation time 83.27 0. 000 ok
Month*Protector 1619.90 0. 000 ok
Month*Storage 4236.08 0. 000 ok
Sucrose*Incubation time 358.85 0. 000 ok
Sucrose*Protector 2440.17 0. 000 ok
Sucrose*Storage 158.72 0. 000 ok
Incubation time* Protector 5402.52 0. 000 ok
Incubation time*Storage 5846.40 0. 000 ok
Protector*Storage 62162.50 0. 000 ok
Month*Sucrose*Incubation time 278.06 0. 000 ok
Month*Sucrose*Protector 923.60 0. 000 ok
Month*Sucrose*Storage 414.73 0. 000 ok
Month*Incubation time*Protector 424.80 0. 000 ok
Month*Incubation time*Storage 701.76 0. 000 ok
Month*Protector*Storage 592.70 0. 000 ok
Sucrose*Incubation time*Protector 1947.08 0. 000 ok
Sucrose*Incubation time*Storage 172.32 0. 000 ok
Sucrose*Protector*Storage 3272.60 0. 000 ok
Incubation time*Protector*Storage 6270.91 0. 000 ok
Month*Sucrose*Incubation time*Protector 197.33 0. 000 ok
Month*Sucrose*Incubation time*Storage 595.45 0. 000 ok
Month*Sucrose*Protector*Storage 949.65 0. 000 ok
Month*Incubation time*Protector*Storage 420.67 0. 000 ok
Sucrose*Incubation time*Protector*Storage 666.44 0. 000 ok
Month*Sucrose*Incubation time*Protector*Storage 256.95 0. 000 ok

Month: Storage period 1 and 3 months; Sucrose: Sucrose levels %3, %5 and %10; Incubation time: 2, 5 and 10 days; Protector:

Trisodium citrate (TRIS) and Dimethyl sulfoxide (DMSO), Storage: Storage type Freezing or Lyophilization, **: p<0.001
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Table 3. LAB numbers (cfu/ml) of LAB liquids prepared in different ways, frozen and lyophilized before
one and three months of storage.

Frozen Lyophilized
Non- Non-
Groups Fresh TRIS DMSO TRIS DMSO SEM
additive additive

2D3%S 3.01x1010FA  1,00x10%D  1.67x1010beAB 1.10x10%E  2.33x10%C  1.33x1010cB 1.97x1010cd AB 0.164

2D5%S  5.43x1010de A 233x10%D  3.00x1010bB 2.33x10%D 9.33x10%dC  4,00x1010b AB 7.33x10% ¢ 0.123
2D10%S  1.20x10"bc A 2,00x10102B  9.33x10102A 4,67x10%D (.33x10%dcCD 1,00x1010c BC 4.00x10%D 0.131

5D3%S  7.67x1010dA 1.00x108E  4.67x10%C  7.00x108D  533x10%C  5.00x1010bB 4.00x1010< B 0.221

5D5%S  6.00x1010dcA  1,00x10%D  2.33x10%d¢C 4.33x1084E 3.00x1010bB  8.67x10102A 2.00x1010d B 0.194
5D10%S  4.20x10M24  923x10%C  1.17x10%D  233x107¢E 6.33x101028  1,00x1010¢C 2.67x10M1a A 0.313
10D3%S  2.83x1012A  2.00x10%cE  2.33x1010bcCD 3,00x108dF 1.33x1010<D  3.33x1010bC 8.00x1010b B 0.214
10D5%S  1.47x101bA 1.33x10%c<D  3,00x10%C  2.00x108F 6.67x108E  1.00x1010cB 1.67x1010dB 0.203
10D10%S  4.33x1010<fA 2.17x1084E  1.37x1010<B  1.00x10%F  4.67x10%D  1.00x10%4¢ 3.00x1010cd A 0.234
SEM 0.071 0.134 0.123 0.132 0.134 0.114 0.103

a-g: Values with different letters in the same column were found to be statistically different (p<0.01); A-E: Values with different
letters in the same line were found to be statistically different. (p<<0.01); 2D: 2 days; 5D: 5 days; 10D: 10 days; %3S: %3 sucrose;
%5S: %5 sucrose; %10S: %10 sucrose; Fresh: Fermented LAB liquid obtained after different sucrose levels and incubation times;
Non-additive: No cryoprotectant added; TRIS: Trisodium citrate; DMSO: Dimethyl sulfoxide.

Table 4. LAB viability ratios of LAB liquids prepared in different ways, frozen and lyophilized group before
storage for one and three months %.

Frozen Lyophilized
Groups Fresh Non-additive TRIS DMSO Non-additive TRIS DMSO
2D3%S 100 86 97 81 89 96 98
2D5%S 100 87 97 87 93 99 92
2D10%S 100 93 99 87 88 90 87
5D3%S 100 74 89 81 89 98 97
5D5%S 100 84 87 80 97 99 95
5D10%S 100 86 78 63 93 86 98
10D3%S 100 81 90 74 88 92 95
10D5%S 100 82 85 74 79 90 91
10D10%S 100 78 95 75 82 85 98

2D: 2 days; 5D: 5 days; 10D: 10 days; %3S: %3 sucrose; %5S: %5 sucrose; %10S: %10 sucrose; Fresh: Fermented LAB liquid
obtained after different sucrose levels and incubation times; Non-additive: No cryoprotectant added; TRIS: Trisodium citrate;

DMSO: Dimethyl sulfoxide
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Table 5. LAB values (cfu/ml) at the end of one month storage period of LAB liquids prepared in different
ways, frozen and lyophilized.

Frozen Lyophilized

Groups TRIS DMSO TRIS DMSO SEM
2D3%S 2.67x10%4¢ 4.33x108D 2.83x1010 A 1.00x1010¢ B 0.206
2D5%S 4.00x10%4B 8.00x108b ¢ 5.10x10100 A 4.43x10100 A 0.228
2D10%S 6.33x10%B 1.47x10%2¢ 1.00x10104 B 9.47x10102 4 0.198
5D3%S 3.03x107¢ ¢ 1.67x108dB 3.00x1010 A 3.53x1010b A 0.411
5D5%S 5.33x1010a 2 1.00x103¢ 5.13x10100 A 1.33x1010¢ B 0.984
5D10%S 1.00x1010b B 1.00x103 ¢ 9.00x10102 4 1.00x10M12 A 1.001
10D3%S 3.33x106tB 3.00x10% ¢ 2.67x100eB 3.00x107tA 0.329
10D5%S 1.33x1010b A 1.00x103fD 6.67x10%¢ € 5.67x107¢B 0.772
10D10%S 1.50x1010b A 1.00x103fD 4.33x106fC 1.20x108dB 0.782
SEM 0.256 0.538 0.366 0.266

a-g : Values with different letters in the same column were found to be statistically different. (p<0.01). A-D: Values with
different letters in the same line were found to be statistically different. (p<<0.01). 2D: 2 days; 5D: 5 days; 10D: 10 days; %3S:
%3 sucrose; %5S: %5 sucrose; %10S: %10 sucrose; Fresh: Fermented LAB liquid obtained after different sucrose levels and
incubation times; Non-additive: No cryoprotectant added; TRIS: Trisodium citrate; DMSO: Dimethyl sulfoxide

Table 6. Moisture Content of LAB Liquids Obtained by Being Dried with Lyophilization Process, %

Groups Non-additive TRIS (Ts) DMSO (Ds) SEM
2D3%S 8.22¢ 8.39¢ 8.95¢f 0.225
2D5%S 10.97bed A 9.20c8 11.27dA 0.350
2D10%S 10.024B 11.46b>4 9.88¢B 0.272
5D3%S 10.56<d AB 9.37<B 111642 0.297
5D5%S 11.44bed 12.05% 12.42bc 0.304
5D10%S 12.42b 12.652 13.06b 0.131
10D3%S 10.63cd B 12.23ab A 12.36bc A 0.289
10D5%S 12.20be 11.92ab 12.11¢ 0.122
10D10%S 15.0928 11.59abC 16.642A 0.752
SEM 0.368 0.296 0.407

+f:Values with different letters in the same column were found to be statistically different. (p<<0.01). A-C: Values with different
letters in the same line were found to be statistically different. (p<0.01). 2D: 2 days; 5D: 5 days; 10D: 10 days; 3%S: 3%
sucrose; 5%S: 5% sucrose; 10%S: 10% sucrose; Fresh: Fermented LAB liquid obtained after different sucrose levels and
incubation times; Non-additive: No cryoprotectant added; TRIS: Trisodium citrate; DMSO: Dimethyl sulfoxide
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Table 7. LAB viability ratios as a result of freezing and lyophilization of LAB liquids incubated for different
periods of time with different levels of sucrose addition and storage for one month, %

Frozen Lyophilized
Groups Fresh TRIS DMSO TRIS DMSO
2D3%S 100 90 82 99 95
2D5%S 100 89 83 99 99
2D10%S 100 88 83 90 99
5D3%S 100 67 75 96 97
5D5%S 100 99 28 99 94
5D10%S 100 86 26 94 95
10D3%S 100 57 39 56 68
10D5%S 100 91 27 61 70
10D10%S 100 96 28 62 76

2D: 2 days; 5D: 5 days; 10D: 10 days; 3%S: 3% sucrose; 5%8S: 5% sucrose; 10%S: 10% sucrose; Fresh: Fermented LAB liquid
obtained after different sucrose levels and incubation times; Non-additive: No cryoprotectant added; TRIS: Trisodium citrate;

DMSO: Dimethyl sulfoxide

Table 8. LAB values (cfu/ml) at the end of three months of storage period of LAB liquids prepared in

different ways, frozen and lyophilized.

Frozen Lyophilized

GRUP TRIS DMSO TRIS DMSO SEM
2D3%S 4.00x108dC 1.00x105D 2.80x1010c A 9.33x1(0%B 0.621
2D5%S 1.00x108< ¢ 3.00x105> D 1.00x1010d B 7.33x10102 4 0.550
2D10%S 7.67x108<C 3.67x10%D 1.27x10104 B 4.13x1010b A 0.469
5D3%S 6.00x100s € 1.00x1034D 3.00x1010bc A 8.00x10%B 0.756
5D5%S 3.33x10% B 1.00x103dD 4.00x1010ab A 9.00x108dC 0.770
5D10%S 8.33x1(0%B 1.00x103dD 4.60x10102 A 4.00x108C 0.850
10D3%S 3.00x10¢h B 1.00x10%D 1.23x10¢6<C 7.00x106h A 0.447
10D5%S 3.47x10% A 1.00x10%D 1.50x10¢6 ¢ 5.67x107¢B 0.632
10D10%S 1.00x107fB 1.00x10%D 1.27x106< € 1.00x108fA 0.556
SEM 0.238 0.314 0.396 0.255

+h Values with different letters in the same column were found to be statistically different. (p<<0.01). AD: Values with different
letters in the same line were found to be statistically different. (p<<0.01). 2D: 2 days; 5D: 5 days; 10D: 10 days; 3%S: 3% sucrose;
5%S: 5% sucrose; 10%S: 10% sucrose; Fresh: Fermented LAB liquid obtained after different sucrose levels and incubation times;

Non-additive: No cryoprotectant added; TRIS: Trisodium citrate; DMSO: Dimethyl sulfoxide
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Table 9. LAB viability ratios as a result of freezing and lyophilization of LAB liquids incubated for different
periods of time with different levels of sucrose addition and storage for three months, %

Frozen Lyophilized
Groups Fresh TRIS DMSO TRIS DMSO
2D3%S 100 82 48 99 95
2D5%S 100 75 51 93 99
2D10%S 100 80 59 91 96
5D3%S 100 62 28 96 91
5D5%S 100 88 28 98 83
5D10%S 100 85 26 92 74
10D3%S 100 39 17 53 60
10D5%S 100 85 18 55 70
10D10%S 100 67 19 57 75

2D: 2 days; 5D: 5 days; 10D: 10 days; 3%S: 3% sucrose; 5%8S: 5% sucrose; 10%S: 10% sucrose; Fresh: Fermented LAB liquid
obtained after different sucrose levels and incubation times; Non-additive: No cryoprotectant added; TRIS: Trisodium citrate;

DMSO: Dimethyl sulfoxide.

DISCUSSION

The fresh alfalfa plant employed in this study's
manufacture of fermented LAB liquids had a LAB
number of 1x105 cfu/ml. It was found to be
compatible with the reports of Ohshima et al. (1997¢)
on LAB numbers of alfalfa plants (3x105 cfu/ml).
Before harvest, the amount of LAB infecting the
plant can range from 1x10! cfu/ml to 1.0x107 cfu/ml.
There are also discrepancies in the number and types
of LAB contaminating the plants that will be used to
make silage. These variations can be attributed to a
variety of factors, including ambient temperature, UV
light, environmental humidity, and other aspects of
the plant itself. In this study, in the freshly prepared
fermented LAB liquids, the total number of LAB
decreased at the end of the 10 days of incubation due
to the increase in sucrose level; on the contrary, a
general increasing trend was observed in the total
number of LAB in 2 and 5 days of incubation (Table
3). Depending on the sucrose level and incubation
time, it is thought that the logarithmic increase period
of LAB continued in 2, 5 and 10 days of incubation in
3% and 5% sucrose additive groups and in 5 days of
incubation in 10% sucrose additive groups. It was
observed that there was a decrease in the number of
LAB in the 10% sucrose additive group in the 10 days
of incubation (P<0.01).

The reason for the decrease in the number of LAB
during the 10-day incubation period and in the group
with 10% sucrose addition may be related to the fact
that the environment no longer provided the
nutrients that the growing population of LAB
required, as well as the rise in the number of toxic
substances (lactic acid, acetaldehyde, peroxide, etc.)
and the decline in the pH level of the environment.
This results in a decrease in the number of bacteria

that can survive in the environment and an increase
in the number of microorganisms that cease to
function (Brock et al. 2003).

The type of freezing process and the rapid cooling
process applied in the cryopreservation of
microorganisms are important in ensuring maximum
cell viability (Tedeschi and De Paoli 2011; Fonseca et
al. 2016). It has been reported that damage to the
bacterial cell membrane caused by the freezing
process may be due to the high solution
concentration of the environment in which the cell is
located and due to intracellular ice crystals (Dumont
et al. 2004; Chang and Zhao 2021). The reason for
the use of cryoprotectants in the cryopreservation of
microorganisms is that they prevent the formation of
large ice crystals inside and outside the cell during the
freezing process, allowing frozen microorganisms to
reach high microbial viability (Dumont et al. 2004). In
2- and 5-day incubation time, it was observed that the
viability ratio increased depending on the increase in
sucrose level and the highest viability ratios were
obtained from the 10% sucrose additive group.
According to Suharman et al. (2021), there were more
lactic acid bacteria when the amount of sucrose
increased. In the 10-day incubation time, the highest
viability ratio was obtained from the 5% sucrose
additive group (82%) (Table 4). When the LAB
viability ratios of the deep-frozen LAB liquids
obtained by adding TRIS and DMSO cryoprotectants
to the LAB liquids obtained by adding sucrose at
different levels and incubating for different periods
(Table 4) before one- and three-month storage were
compared with fresh LAB liquid, the highest viability
ratios were determined in 2D3%S, 2D5%S, and
2D10%S groups. In the same groups (2D3%S,
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2D5%S and 2D10%S), when compared to fresh LAB
liquid, it was determined that there were decreases in
microbial viability rates due to longer storage periods
with the addition of TRIS (Tables 7 and 9). Likewise,
it was determined that there were decreases in
microbial viability rates as storage time increased in
the same groups prepared with the addition of
DMSO compared to fresh LAB liquid (Tables 7 and
9).

In this study, the viability ratio of the 5D5%S group
decreased from 99% to 88% and the viability ratio of
the 5D10%S group decreased from 86% to 85%
among the LAB liquids prepared after one- and three-
month storage period by freezing in deep freezer by
adding TRIS as cryoprotectant. Oluwatosin et al.
(2022) reported that sucrose showed the best
performance among other cryoprotectant substances
for the protection of microorganisms stored frozen.
In this study, the high viability ratios determined due
to the increase in sucrose level were found to be
consistent with the report. In the study conducted by
Baati et al. (2000) regarding storage of Lb. acidophilus
by being frozen, they reported that Lb. acidophilus
maintained microbial viability between 24% and 89%
depending on the temperature of the freezing process
applied to Lb. acidophilus and the suspension
environment. They stated that a pre-freezing process
before the freezing process to be applied to
microorganisms is important in increasing microbial
viability.

In this study, the microbial viability ratios obtained by
freezing in deep freezer for one and three months
were determined between 74% and 93% in the
groups without additives, 85% and 99% in the groups
with TRIS additives, and 63% and 87% in the groups
with DMSO additives. In the fermented LAB groups
frozen in this study, the microbial viability ratios
obtained from the TRIS additive groups were found
to be higher than the groups without additives and
with DMSO additive due to the prolongation of the
storage period (1 and 3 months). In the deep-frozen
groups, microbial viability decreased in the TRIS and
DMSO additive groups due to the prolongation of
the storage period in general. Consistent with this
study, Strasser et al. (2009) found that the viability of
lactic acid bacteria was negatively affected by the
extension of storage time. The moisture contents of
LAB liquids obtained by lyophilization being dried are
presented in Table 6. In general, the moisture content
of lyophilized cultures is required to be 2% or less. In
addition, a moisture content of 2% or less is
considered as an indicator of the success of the
lyophilization process (Rambhatla and Pikal 2003). In
this study, the moisture contents of lyophilized and
dried LAB liquids were found to be between 8.22%
and 16.64%. When the moisture contents of LAB
liquids obtained as a result of the lyophilization
process in this study were compared with previous
studies, it was observed that the moisture values
obtained were high (Sparkes and Fenje 1972;

Avcioglu 2013). In this study, the reason for higher
moisture values in LAB liquids obtained by
lyophilization process can be explained by keeping
the secondary drying time short, which is the last step
of the lyophilization process and reduces the relative
amount of water in the product (Avcioglu 2013).
There are many factors affecting microbial viability
and activity in the lyophilized drying process of
microorganisms and cell cultures. These factors
include the genus, species, strain and age of the
bacteria, growth medium, cell density before the
process, ambient conditions, type of cryoprotectant,
ambient conditions in which the culture is preserved
after the process, the amount of moisture remaining
in the culture, storage conditions (temperature, time,
light), composition and temperature of the solution
used in dilution. Apart from these factors, the system
used during the lyophilization process, excessive
sublimation, initial freezing temperature,
bacteriophage risk, etc. are also known to be etfective
on the viability and activity of lyophilized cultures
(Halkman and Dogan 2000). In general, while the
highest microbial viability ratio was determined in the
TRIS additive groups in the deep freezer, the lowest
microbial viability ratio was determined in the DMSO
additive groups (63%-87%). When evaluated in
general, while the highest microbial viability ratio was
maintained in the TRIS additive group, the highest
microbial loss ratio was determined in the groups
without additives in drying by the lyophilization
process. In the groups dried by the lyophilization
process in this study, the wviability ratios obtained
from TRIS and DMSO additive groups decreased due
to the prolongation of the storage period (one or
three months). The highest loss in viability ratio was
observed in 10 days of incubation periods (Tables 7
and 9).

In a study conducted by (Ferry 1995), it was stated
that 5% to 10% sugar contribution is the most ideal
for microbial culture preservation by lyophilization
process. Greaves (1964) stated that the sucrose ratio
should not exceed 10%, and when the sucrose ratio
used is between 10-20%, the viability ratio of the
lyophilized culture dectreases over time. In this study,
the maintenance of high microbial viability of
anaerobic and aerotolerant lactic acid bacteria in
lyophilized LAB liquids obtained by lyophilization
and drying was found to be consistent with the report
that it is easier to preserve and maintain anaerobic
and especially aerotolerant microorganisms in the
field of food microbiology (Halkman and Dogan
2000). In the preservation of lactic acid bacteria,
especially in the drying method by applying
lyophilization process, high amounts of microbial
culture density are maintained. In accordance with the
report of Giulio et al. (2005), it was observed that
lyophilization method preserved microbial viability
more than deep freezing in this study. Pinarkara
(2008) researched the effects of sucrose, TRIS and
DMSO cryoprotectant additives on microbial viability
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ratios of different types of LAB in drying by
lyophilization process and reported that the use of
TRIS as cryoprotectant in the lyophilization process
was effective in maintaining the viability ratios of
LAB. Giulio et al. (2005) found that the viability
ratios of Lactobacillus bulgaricus, Streptococcus salivarins
ssp.and  Thermophilus  strains  was  95%  after
lyophilization with the addition of 32% sucrose, while
Morichi (1965) reported that in contrast to this result,
the viability ratio of Lactobacillus  bulgaricns was
maintained at 38% with the addition of sucrose. In
this study, compated to freshly prepared fermented
LAB liquids, the viability ratios of lyophilized LAB
liquids with the addition of 3% and 5% sucrose and
TRIS as cryoprotectant were found to be compatible
with the results obtained by Giulio et al. (2005) and
Pinarkara (2008).

CONCLUSION and
RECOMMENDATIONS

According to the findings obtained within the scope
of the study, it is thought that 2 or 5 days of
incubation period with the addition of 10% sucrose
will be sufficient to obtain high levels of LAB in
fermented LAB liquids to be used fresh without deep
freezing and lyophilization and drying. It was
determined that lyophilization of fermented LAB
liquids in one month storage period preserved their
viability ratios better than deep freezing, and the
highest LAB values were determined in the groups
lyophilized by adding 10% sucrose and DMSO as the
cryoprotectant in 2 and 5 days of incubation period.
At the end of the three months of storage period, it
was determined that the lyophilization process
preserved the viability ratios of LAB better than deep
freezing and the highest LAB values were determined
in the groups lyophilized with 5% and 10% sucrose
addition and TRIS as cryoprotectant for 5 days of
incubation period, and in the group lyophilized with
DMSO addition and 5% sucrose for 2 days of
incubation period.

When the results obtained from this study are
evaluated in general, it can be said that the viability
ratios of LAB liquids decreased due to the
prolongation of incubation and storage time, TRIS
and DMSO additives had a positive effect on the
viability ratios, and lyophilization process was
advantageous compared to freezing in deep freezer.
Therefore, it may be recommended to dry the
fermented LAB liquids by lyophilization with the
addition of TRIS or DMSO cryoprotectants for long-
term storage. Considering the high viability ratios
obtained from the lyophilization and drying of LAB
liquids with TRIS and DMSO cryoprotectant
additives, it is seen that the LAB liquids obtained in
this study have a high potential to be used and
commercialized as silage additives.
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ABSTRACT

In this study, the changes in serum glucose and fructosamine levels according to the sampling time in cats anaesthetised for
castration and ovariohysterectomy were investigated. The study material consisted of 25 cats aged between 6 months and 2
years. Blood samples were collected from the anaesthetised cats (medetomidine, butorphanol, ketamine) before anaesthesia,
at the beginning of anaesthesia, before awakening from anaesthesia and after awakening from anaesthesia. Glucose,
fructosamine, cholesterol, triglyceride, total protein and albumin levels were measured in the sera obtained. In the statistical
comparison made according to the measurement times, it was found that serum glucose level changed significantly.
However, no statistically significant difference was found in serum fructosamine levels. It was evaluated that the variation in
glucose levels in the perioperative period may be related to anaesthetic agents, and although there was no statistically
significant change in fructosamine levels, one of the reasons for the increase in glucose levels observed in the perioperative
period was probably operation stress. The results of the study showed that serum glucose measurements are important in
perioperative glycaemic control of cats, and serum fructosamine measurements have diagnostic value in the exclusion of
possible perioperative hyperglycemia that may develop for different reasons. The stable serum fructosamine level in the
perioperative period can be accepted as an indication that it was not affected by the anaesthetic agents used in this study.

Keywords: Biochemistry, Castration, Feline, Ovariohysterectomy, Postoperative period
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Kedilerde Perioperatif Serum Glukoz ve Serum Fruktozamin Seviyelerinin Kargilagtirilmasi

(074

Bu caligmada kastrasyon ve ovariohisterektomi operasyonu amactyla anesteziye alinan kedilerde 6rnekleme zamanina gore
serum glukoz ve fruktozamin seviyelerinde meydana gelen degisim arastirildi. Calisma materyalini 6 ay ila 2 yas arasinda 25
kedi olusturdu. Anesteziye (medetomidin, butorfanol, ketamin) alinan kedilerden; anestezi 6ncesinde, anestezi baslangicinda,
anesteziden uyandirmadan Once ve anesteziden uyandiktan sonra kan Ornekleri alindi. Elde edilen serumlarda glukoz,
fruktozamin, kolesterol, trigliserid, total protein ve albiimin konsantrasyonlart 6lgiildii. Olgiim zamanlarina gére yapilan
istatistiksel karsilagtirmada; serum glukoz diizeyinin anlamli gekilde degistigi tespit edildi. Bununla birlikte serum fruktozamin
seviyelerinde istatistiksel olarak anlaml bir fark bulunmadi. Perioperatif dénemde glukoz seviyelerinde meydana gelen
varyasyonun anestezik ajanlarla iliskili olabilecegi, fruktozamin duzeylerinde istatistiksel olarak o6nemli bir degisim
gorilmemesine ragmen, glukoz diizeyinde perioperatif dénemde gézlenen artisin bir nedeninin de olasilikla operasyon stresi
oldugu degerlendirildi. Calisma sonucu; kedilerin perioperatif glisemik kontrollerinde serum glukoz Slgtimlerinin 6nemli
oldugunu, farkli nedenlerle gelisebilecek olast perioperatif hipergliseminin dislanmasinda ise serum fruktozamin l¢timlerinin
diyagnostik yonden deger tasidigint gosterdi. Perioperatif dénem serum fruktozamin seviyesinin stabil olusu, bu ¢alismada
kullanilan anestezik ajanlardan etkilenmediginin bir gdstergesi olarak kabul edilebilir.

Anahtar Kelimeler: Biyokimya, Kastrasyon, Feline, Ovariohisterektomi, Postoperatif dénem
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GIRIS

Kedilerde kisirlastirilma  islemi  pratikte veteriner
kliniklerde yaygin olarak uygulanmaktadir ve genel
anestezi  prosediiri  gerektirir.  Medetomidin,
butorfanol ve ketamin anestezisinin 6zellikle barinak
ve klinisyen veteriner hekimleri tarafindan kastrasyon
ve ovariohisterektomi operasyonlarinda glivenle
kullanilabilecegi belirtilmistir  (Yilmaz 2021). «2-
adrenoseptor agonistlerden biri olan medetomidin
sedasyon saglamasi, sentral ve spinal etkilerine bagl
olarak da analjezi meydana getirmesi sebebiyle kedi ve
kopeklerde en stk kullanilan  uygulanan — o2-
adrenoseptor agonistlerinden birisidir (Topal 2005;
Lemke 2004). Literatiirde medetomidinin serum
glukoz seviyesinde artisina sebep oldugu bildirilmistir
(Kanda ve Hikasa 2008). Anestezi sirasinda degisen
adrenalin, kortizol gibi hormon seviyeleri ile birlikte
serum glukoz diizeylerinin yikseldigini gdsteren
calismalar bulunmaktadir (Kamohara ve ark. 2021).
Ketamin, barbitiirat tiirevi olmayan néroleptanaljezi
ile karakterize olan ve genel anestezi meydana getiren
hizli etkili dissosiyatif bir anestezik maddedir (Arikan
ve ark. 1993; Sanli ve Kaya 1994). Ketamin
uygulamasinin  da  medetomidin  gibi  glukoz
seviyelerinde  degisikliklere sebep oldugu rapor
edilmistir (Sharif ve Abouazra 2009). Ayni zamanda
yiksek doz ketamin uygulamalarinin kolesterol
seviyesini  degistirmeksizin  trigliserid ~ diizeylerini
artturdigl da ifade edilmistir (Perumal ve ark. 2007).
Ayrica literatiirde beseri hekimlikte operasyon sonrast
stres hiperglisemisinin g6rildigd ve bunun negatif
klinik komplikasyonlara sebep oldugu belirtilmektedir
(Palermo  ve ark. 2016). Stres hiperglisemisinin
kedilerde stk gorillen bir tablo oldugu bilinmektedir
(Laluha ve ark. 2004). Yapilan cesitli calismalar serum
fruktozamin Slgimuiniin kedilerde glisemi
degerlendirilmesinde faydali oldugunu savunmaktadir
(De Vries 2011; Link ve Rand 2008). Fruktozamin,
glukoz ile proteinlerin geri dénlisimsiiz baglanmasi
sonucunda olugmaktadir. Glikasyonlu bir serum
proteinidir  ve kedilerde bir glisemik kontrol
indeksidir. Stres hiperglisemisinden etkilenmedigi icin
diyagnostik acgidan degetlidir (Gal ve ark. 2017).
Serum fruktozamin konsantrasyonlari, plazma glukoz
konsantrasyonlarina bagldir ve diyabetli hayvanlarda
glisemik kontrolii degerlendirmek icin
kullanilmaktadir (Gilor ve ark. 2010). Kedilerde
glukoz metabolizmasindaki  bozukluklarin  erken
tanisinda glukoza kiyasla daha uzun bir kan glukozu
seviyesini ~ yansitugindan  dolayt  fruktozamin
kullantlmaktadir (Perez-Lopez ve ark. 2020). Serum
fruktozamin konsantrasyonlart, 6l¢timden 6nceki 2 ila
3 haftanin glukoz ortalamasini verir (De Vries 2011;
Link ve Rand 2008). Perioperatif dénem glisemik
kontrollerde de fruktozamin seviyesi O6lciimlerinin
yapilmasinin faydali oldugu literatiirde bildirilmistir
(Shohat ve ark. 2017; Shohat ve ark. 2022). Yapilan
bu calismada perioperatift dénemde glukoz ile
fruktozamin seviyelerinin karsilastirilmast ve anestezik

ajanlara/operasyona karst olusan yanitin
degerlendirilmesi amaglanmugtir.

MATERYAL ve METOT

Bu calismanin materyalini 10’u erkek ve 1571 disi
olmak tzere, genel durumu iyi olan ve dehidre
olmayan, 6 ay ila 2 yas araliginda klinik olarak saglikli
25 kedi olusturdu. Calisma gerekli yasal izinler
alindiktan sonra (Tarim ve Orman Bakanligl, Antalya
11 Midiirliigi 20.12.2022 tarih ve 8188707 sayil yazst;
AKUHADYEK; 16.03.2023 tarih ve 49533702/22
sayill onay) Vitality Veteriner Klinigi, Antalya’da
gerceklestirildi.  Calisma  Oncesi  hasta  sahipleri
aydinlatildr ve “bilgilendirilmis onam” formlart alindu.
Tlgili klinige kisirlastirma  operasyonu  amaciyla
getirilen hastalarin genel muayeneleri gerceklestirilmis,
anamnezinde kronik hastallk Oykisti  olmayan
kedilerden Vena Cephalica Antebrahium’ dan EDTA’
i tiplere kan Ornekleri alinarak (RBC, MCV, HCT,
WBC, HGB, PLT vd) hematolojik incelemeleri
yapilmis ve saglikll olduklari belirlenen kediler
calismaya dahil edilmistir.

Biyokimya analizleri icin; a)anestezi 6ncesi, b)anestezi
baslangicinda, c)anesteziden uyandirmadan énce ve
d)anesteziden uyandiktan sonra Gel-Clot Activatér
iceren tuplere kan &rnekleri alindi. Numuneler 3500
devirde 12-15 dakika santrifiije edilerek kan serumlart
ctkarildi. Elde edilen numuneler Ol¢im zamanina
kadar -20C0’ de saklandi. Serum 6rneklerinde; glukoz
(GLU) , fruktozamin (FRU), kolesterol (TCHOL),
trigliserid (TG), total protein (TP) ve albiimin (ALB)
diizeyleri  olgiildii.  Ornekleme — zamanlari — arast
degerlerin karsilastirmalari istatistiksel olarak yapildi.
Anestezi 6ncesi, anestezi baslangicinda, anesteziden
uyandirmadan 6nce ve anesteziden uyandiktan sonra
her bir parametreye gore yapilan karsilastirmada;
iligkili ~ 6lctimler icin varyans analizi (repeated
measures ANOVA) kullanildi. Her bir zamanin ikili
karstlastirilmasinda ise LSD coklu katrsilastirma testi
uygulandi. Sonuglar ortalama * standart sapma olarak
verildi. Istatistiksel anlamlilik (6nemlilik) diizeyi 0.05
olarak alinmis, arastirmada elde edilen verilerin
istatistiksel degerlendirmesi Windows icin SPSS 26
paket programt kullanilarak yapilmistir.

BULGULAR

Biyokimyasal —analiz sonuglarinin  karsilastirmasi
Tablol’de verildi. Ornek alim zamanlarina gére
yapilan karsidastirmada GLU seviyesinde anlamlt bir
degisim (p<0.05) saptandi. Fruktozamin seviyesinde
ise 6rnek alim zamanlar arasinda numerik bir degisim
olmasina ragmen, bu fark (p>0.05) istatistiki olarak
anlamli bulunmadi. TG, CHOL, TP, ALB, GLOB ve
A/G seviyelerinde de ornekleme zamanina bagli
onemli  bir  degisiklik  (p>0.05)  belirlenmedi.
Hematoloji sonuglarina gore saglikhh olan kediler
calismaya dahil edildi ve analiz sonuglart Tablo 2’de
sunuldu.
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Tablo 1. Biyokimyasal analizlerin 6rnekleme zamanina gore kargilastirilmasi
Table 1. Comparison of biochemical analyzes according to sampling time

Gruplar TG CHOL GLU FRU TP ALB GLOB A/G
(mmol/l)  (mmol/I)  (mmol/l) (umol /1) (g/dl) (g/dl) (g/dl)
1 0.73+0.32 3.72+0.56 6.6511.86 149.351+28.43 7.90+1.23 3.21+0.48 4.6911.16 0.71+0.17
2 0.71+0.35 3.7710.65 7.500£2.47 164.81£28.97 7.48+1.04 3.18+0.37 4.30£0.90 0.75+0.16
3 0.71+0.33 3.65+0.55 10.502£5.18 157.16£24.73 7.50+1.01 3.03+0.31 4.40%1.16 0.73+0.18
4 0.691+0.32 3.71+0.55 11.152%£5.33 156.08+25.52 7.64+1.34 3.09£0.37 7.07£13.16 0.72+0.17
p 0.417 0.838 0.000* 0.183 0.366 0.117 0.403 0.797

*: p<0.05 a. b: Aynt sttunda farkli harfleri tasiyan ortalamalar arasindaki farklar 6nemlidir (p<<0.05).

1) anestezi 6ncesi, 2) anestezi baslangicinda, 3) anesteziden uyandirmadan 6nce, 4) anesteziden uyandiktan sonra. TG: Trigliserid, CHOL: Total kolesterol,
GLU: glukoz, FRU: Fruktozamin, TP: Total Protein, ALB: Albiimin, GLOB: Globiilin, A/G: Albiiminin globiiline orani. *: p<0,05 a, b: Differences between
means with different letters in the same column are significant (p<0.05).
1) before anaesthesia, 2) at the beginning of anaesthesia, 3) before awakening from anaesthesia, 4) after awakening from anaesthesia. TG: Triglycerides, CHOL:
Total cholesterol, GLU: Glucose, FRU: Fructosamine, TP: Total Protein, ALB: Albumin, GLOB: Globulin, A/G: Albumin globulin ratio.

Tablo 2. Hastalarin hematoloji sonuglari
Table 2. Hematology results of patients

Parametreler

WBC
Neu%
Lym%
Mon%
Eos%
Neu#
Lym#
Mon#

Eos#

RBC

HCT

HGB

MCV

MCH
MCHC

RDW-CV
RDW-SD
PLT
MPV
PDW
PCT

Birim
1079/1
Yo
%
Yo
%
1079/1
1079/1
1079/1
1079/1
107M2/1
Yo
g/dl

1079/1
fl
10GSD
ml/1

Ortalama

10.84
58.97
29.63
5.78
6.03
6.67
291
0.63
0.59
8.42
34.83
13.20
43.34
15.07
333.00
17.70
30.48
277.68
12.12
14.15
3.45

Standart

Sapma
3.86

15.83
14.24
1.08
4.04
3.31
1.35
0.24
0.42
2.01
8.70
5.03
6.19
2.60
63.29
1.89
5.88
115.82
1.72
0.90
1.39

Referans Araliklar

5.50-19.50
38.0-80.0
12.0-45.0
1.0-8.0
1.0-11.0
3.12-12.58
0.73-7.86
0.07-1.36
0.06-1.93
4.60-10.20
26.0-47.0
8.5-15.3
38.0-54.0
11.8.0-18.0
290-360
16.0-23.0
26.4-43.1
100-518
9.9-16.3
12-17.5
0.9-7.0

44



TARTISMA

Bu arastirmada kastrasyon ve ovatiohistercktomi
operasyonu amaciyla anesteziye alinan kedilerde
ornekleme zamanina gére serum glukoz ve
fruktozamin seviyelerinde meydana gelen degisim
degerlendirildi. Hayvanlarda kisirlastirma
operasyonlart icin genel anestezi amaciyla kullanilan
ketamin ve medetomidin gibi ajanlarin serum glukoz
duizeylerini arttirdigi (Sharif ve Abouazra 2009; Kanda
ve Hikasa 2008) bilinmektedir. Ek olarak bu
hastalarda operasyon sonrast stres hiperglisemisi de
(Palermo ve ark. 2016; Davis ve ark. 2018)
gorilebilmektedir. Ketamin uygulamalart  serum
glukoz seviyesini degisitirmekte (Sharif ve Abouazra
2009), ote yandan yiiksek doz uygulamalar kolesterol
seviyesini degistirmeksizin trigliserid diizeylerini de
arttirabilmektedir ( Perumal ve ark. 2007). Sunulan bu
calismada kolesterol ve trigliserid seviyeleri de
degerlendirildi ancak Ornekleme zamanina baglh
anlamli bir fark tespit edilmedi. Olgiim zamant 6ncesi
bir-iki haftalik siirecin kan glukoz ortalamasini gozler
onitine seren  fruktozamin Ol¢limleri  glisemik
kontrollerde kullanilabilmektedir. Serum fruktozamin
konsantrasyonlari, plazma glukoz seviyelerine bagh
olarak degisir ve diyabetik kedilerde glisemik kontrol
amactyla  kullanilir  (Gilor  ve ark.  2010).
Arastirmamizda kullandan anestezik ajanlar Ornek
alim zamanina gore glukoz seviyesinde bir artisa
sebep olurken, fruktozamin seviyelerinde istatistiksel
olarak 6nem tastmayan numerik degisiklikler g6zlendi.
Literatiirde fruktozamin seviyelerinin képeklerde
albiimin seviyesi ve kedilerde ise total protein seviyesi
ile ilgili iliskili oldugu bildirilmistir (Reusch 2001). Bu
calismada ALB ve TP OSlcimleri de gerceklestirildi
fakat bu degerlerde 6rnekleme zamanina bagh anlamh
bir fark gorilmedi. Operatif durumlarda glisemik
kontrol amaciyla serum glukoz seviyesinin klinik
pratikte siklikla kullanildigi, buna ragmen serum
fruktozamin seviyelerinin ise genellikle
degerlendirilmedigi gorilmis ve genel saghk kontroli
taramalarinda stres hiperglisemisinin, hiperglisemi ile
ayriminin  yapdmast icin fruktozamin ol¢timlerinin
faydali  olabilecegi sunulan c¢alisma  sonuglar
cercevesinde degerlendirilmistir.

Kedilerde glukoz metabolizmasindaki bozukluklarin
erken tanisinda glukoza kiyasla daha uzun bir kan
glukozu seviyesini yansitmasindan dolayt fruktozamin
kullantlmaktadir ~ (Perez-Lopez ve ark.  2020).
Perioperatif dénemde serum glukoz ve fruktozamin
degisiminin takibi ve fruktozaminin petrioperatif
yanitinin ~ degerlendirilmesi amaciyla yapidan bu
calisma fruktozamin dlzeyinin anestezik ajanlardan
veya operasyona baglt gelisebilecek stres durumundan
etkilenmedigini ortaya koydu.

SONUC

Ornekleme zamanlart arast yapilan kargilastirma
verilerine  gbre  ¢alisma  sonuglary;  kedilerde
kisirlastirma operasyonunda kullanilan “medetomidin,
butorfanol ve ketamin” anestezisinin = ve/veya
anestezi/opetasyon stresinin serum glukoz
seviyelerinde meydana gelen degisimle iliskili
olabilecegini ortaya koydu. Serum fruktozamin
seviyelerinde ise, istatistiksel agctdan 6nemli olmamakla
beraber, numerik bir fark tespit edildi. Perioperatif
glisemik kontrollerde glukoz 6lgiimii 6nemli olmakla
bitlikte, fruktozamin Sl¢imintn de, daha uzun sureli
bir kan glukoz ortalamasi sunmast ve anlk
dalgalanmalardan  etkilenmemesi  sebebiyle, bu
donemde farkli nedenlerle gelisebilecek  olas
hipergliseminin dislanmasinda diyagnostik y6nden
6nem tastyabilecegi degerlendirildi. Serum glukoz
dizeyleri Gzellikle kedilerde stres durumlarindan ve
yine anestezik maddelerden etkilenebilmektedir.
Perioperatif dénem serum fruktozamin seviyesinin
nispeten stabil olusu, bu c¢alismada kullanilan
anestezik ajanlardan etkilenmediginin bir gostergesi
olarak kabul edilebilir.

Cikar Catismast: Yazarlar bu yazt igin gercek,
potansiyel veya algilanan ctkar catismasi olmadigini
beyan etmiglerdir.

Etik Kurul Bilgileri: Bu calisma AKU-HADYEK
22 sayt ve 16.03.2023 tarih ile onay almugtir.

Yazarlarin Katki Orani: Yazarlar makaleye esit
oranda katki saglamis olduklarini beyan etmislerdir.
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ABSTRACT

Antimicrobial resistance occurring in a wide variety of Gram negative bacteria is considered an ongoing public
health threat. For this reason, unconscious use of antimicrobials reveals new resistance mechanisms, and these
resistance mechanisms are spreading globally. Due to these reasons, our current study aimed to isolate colistin-
resistant Escherichia coli in raw meat samples and molecular characterization of resistance genes. For this purpose,
the #7p.A gene was detected in 90 (75%) of the E. ¢/ isolates obtained from 300 samples. #er-1 gene was found in
8 (8.8%) of the isolates confirmed as E. cw/. However, as a result of the PCR analysis, O45:H2, O103:H2,
O121:H19, O145:H28, O26:H11, O111:H8 E. w/i serogroups and virulence genes were not found in any isolate.
Additionally, isolates 7 (7.7%), 5 (5.5%), 29 (32.2%), 23 (25.5%), 8 (8.8%), 10 (9%), 2 (2.2%) and 6 (6.6%). 1t was
found to be acid resistant to tetracycline, erythromycin, gentamicin, azithromycin, imipenem, ampicillin and
nalidixic acid, respectively.

Keywords; Antimicrobial resistance, Escherichia coli, kolistin

kkk

Cig Et Orneklerinde Kolistine Direngli Escherichia coli'nin Izolasyonu ve Molekiiler Karaktetizasyonu

(074

Cesitli Gram-negatif bakterilerde meydana gelen antimikrobiyal direng devam eden bir halk sagligi tehdidi olarak
nitelendirilmektedir. Bu nedenle bilingsiz antimikrobiyal kullanimt yeni diren¢ mekanizmalarini ortaya ¢ikarmakta
ve s6z konusu bu mekanizmalar kiiresel olarak yayilmaktadir. Bu nedenler 1s1¢inda, meveut ¢alismamizda, ¢ig et
orneklerinde kolistin direncli E. ¢o/i izolasyonu ve direng genlerinin molekiler karakterizasyonu amaclanmustir. Bu
amagla, 300 6rnekten elde edilen E. ¢/ izolatinin 90 (%75)1ninda #p.A4 geni saptanmistir. E. /i olarak dogrulanan
izolatin 8 (%8.8)’inde mer-1 geni bulunmugtur. Ancak yapilan PCR analizi sonucunda hicbir izolatta O45:H2,
0103:H2, O121:H19, O145:H28, O26:H11, O111:H8 E. cw/i serogruplar1 ve virtlens genleri bulunamamustir.
Ayrica, E. coli izolatlart disk difiizyon testi sonucunda 7 (%7.7), 5 (%05.5), 29 (%32.2), 23 (%25.5), 8 (%8.8), 10
(%09), 2 (%2.2) ve 6 (%0.6) oranlarinda strastyla tetrasiklin, eritromisin, gentamisin azitromisin, imipenem,
ampisilin, nalidiksik aside asit direngli bulunmustur.
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GIRIS

Escherichia coli, dinya genelinde insan ve hayvanlarda
enfeksiyonlara neden olabilen ve toplumlara énemli
Olgiide tbbi, sosyal ve bakim maliyetleri getiren
firsatgr bir patojendir (Redweik ve ark., 2020 ). Gida
kaynakli bir patojen olan E. co/i insanlarda genellikle
sepsise, farkli yaslardaki cocuklarda ise orta veya
siddetli enfeksiyonlara neden olmaktadir (Manges ve
ark., 2019 ; Wasinski, 2019 ). E. co/'nin hayvanlar ve
insanlar arasindaki bulasi, ¢ig veya az pismis et, ¢ig stt
ve suyun hayvan digkist ile kontaminasyonu
araciligiyla olmaktadir. Kolistine direncli bakteriler ise
son on yida cevre, gida, su ve bitkilerde varligin
gostermistir (Koskeroglu ve ark., 2023). Gram negatif
bakterilerin sahip oldugu plazmidler ve integronlarda
mevcut gen kasetleri gibi mobil genetik elementler, bu
bakteriler arasinda direng genlerinin yayilmasinda kilit
rol oynamaktadir. Bu nedenle insan ve veteriner
hekimliginde yapilan tedavinin basarisiz olmasina ve
tedavinin uzamasina neden olmaktadir (Kim ve ark.,
2018; Poirel ve ark., 2018; Berglund, 2018; Liu, 2018).
Antibiyotikler patojen bakterileri hedef almakla
birlikte, ayni zamanda memeli bagirsaklarindaki dogal
florayt da etkileyerek viicuttaki dogal dengenin
bozulmasina ve bagirsaklarda ciddi ikincil etkilere
neden olmaktadir (Enany ve ark., 2019 ). Son yillarda
bakteriyel hastaliklarin tedavisinde ve 6nlenmesinde
antibiyotiklerin ~ yaygin  ve uygunsuz kullanimi
(hayvanlarda ve insanlarda tarim ve tedavi amacli)
nedeniyle ¢oklu ilaca direncli bakterilerin ortaya cikisi
6nemli bir halk sagligi problemi haline gelmistir
(Hizlisoy ve ark., 2017, McLellan ve ark., 2018;
Wolfensberger ve ark., 2019 ; Komijani ve ark., 2018).
S6z konusu direncli bakterilerin ortaya ¢ikist kolistin
gibi giicli antibiyotiklerin fazla kullanimina neden
olmustur. Bu sebeple hastaliklara neden olan patojen
mikroorganizmalart  azaltilabilmesi icin etkili ve
givenli  terapotik  alternatiflere  acil  ihtiyag
duyulmaktadir (Shahin ve ark., 2020). S6z konusu bu
nedenlere baglt olarak, mevcut ¢alismamizda ¢ig et
orneklerinde kolistin direncli E. ¢/ izolasyonu ve
diren¢  genlerinin  molekiiler  karakterizasyonu
amaclanmistir.

MATERYAL ve METOT

Materyal
Orneklerin Toplanmast

Bu calismada, 2020-2022 yillart arasinda 12 ay
boyunca Kayseri ilinde bulunan satis noktalarindan

(bes adet) her bir ziyarette 25 adet (beser adet) 6rnek
olmak tzere toplamda 300 adet ¢ig et 6rnegi elde
edilmistir. Toplanan Ornekler steril posetler icerisine
alinarak soguk zincirde aynt gun icerisinde Erciyes
Universitesi veteriner fakiiltesi Besin Hijyeni ve
Teknolojisi  laboratuarina  getirilmis  ve  analiz
edilinceye kadar +4°C’de buzdolabinda muhafaza
edilmistir.

Metot
E. coli’nin fenotipik identifikasyonu

Tum o6rneklerde E. e/ izolasyonu ISO 16649-2
kriterlerine gére yapilmistir. Bu amagla Eozin Metilen
Blue (EMB) Agarda (Merck,103858) spesifik metalik
rengi (yesil) veren tim stpheli koloniler E. co/ olarak
kabul edilmistir. Elde edilen siipheli koloniler alinarak
Blood agara (Merck,103879) ekilmis ve 37°C’de 18-24
saat inkiibasyona birakilmistir. Inkubasyon sonucunda
elde edilen koloniler %10 oraninda gliserol iceren
Brucella broth (Merck. B3051)’lu cryovial tiplere
alinarak -81°C’de mufaza edilmistit.

DNA Ekstraksiyonu

Bakteri DNA’sin1 elde etmek amaciyla InstaGene
Matrix kiti (Bio-Rad, ABD) kullanilmis olup, bu islem
kit protokolinde belirtildigi gibi gerceklestirilmistir.
Bu siirenin sonunda elde edilen siipernatant yeni bir
ependorfa alinarak, hedef DNA olarak kullanilmak
tzere -20° C’de saklanmistir.

Plazmit Ekstrasyonu

Kolistine direngli suslardan plazmid ekstraksiyonu,
treticinin protokoliine gére QIAprep Spin Miniprep
Columns (QIAGEN, 27115) kiti kullanilarak
gerceklestirilmistir.  Elde edilen RNA tim genom
analizi icin firmaya (Sugenomik Biotechnology)
gonderilmistir (Sekil 2).

E. coli’nin Molekiiler Identifikasyonu

Fenotipik testlerle E. /i olarak tespit edilen
izolatlarin  dogrulanmasi amaciyla PCR  yontemi
kullantlmistir  (Clermont et al., 2013). Reaksiyon
karisimt; her bir primerden 0.2 uM, 200 uM dntp, 2.5
ul PCR reaksiyon buffer, 3mM MgCl, U Taq DNA
polimeraz (Thermo Scientific; EP0402, ABD) ve 1 ul
DNA’dan olusmustur. Termal dongt kosullart; 94°
Cde 5 dk ilk denatiirasyon; 94°C’de 10 sn son
denattirayon, 59° Cde 20 sn primer baglanmast
(Tablo 1), 72° Cde 10 sn uzama, 72° Cde 5 dk son
uzama agamast olmak Uzere 30 dongi ve 25 pL
hacimde gergeklestirilmistir.
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Tablo 1. Calismada kullanilan primer ¢iftleri

Table 1. Primer pairs used in the study

GENES FORWARD REVERSE SIZE REFERENCES
(bp)
045 TGCAGTAACCTGCACGGGCG AGCAGGCACAACAGCCACTACT 23 DebRoy et al., 2011
8
0121 TCCAACAATTGGTCGTGAAA AGAAAG TGTGAAATGCCCGT 62 DebRoy et al., 2011
8
0145 TTCATTGTTTTGCTTGCTCG GGCAAGCTTTGGAAATGAAA 75 DebRoy et al., 2011
0
026 CAATGGGCGGAAATTTTAGA ATAATTTTCTCTGCCGTCGC 15 DebRoy et al., 2011
5
O111 TGTTTCTTCGATGTTGCGAG GCAAGGGACATAAGAAGCCA 43 DebRoy et al., 2011
8
0103 TTGGAGCGTTAACTGGACCT GCTCCCGAGCACGTATAAAG 32 DebRoy et al., 2011
1
H2 TGATCCGACATCTCCTGATG CCGTCATCACCAATCAACGC 22 Banjo et al., 2018
8
H19 GCTGGCGATACATTTACCGC CGCCGCTGTCATCAATGTIT 59 Banjo et al., 2018
2
H28 CTGGCATACAACAGGCACAC TCAGCTTTGGTGTAAGCGTC 28 Banjo et al., 2018
5
H11 AACAACAACTGCAGCGGATG TCGGGCTACCACCTTCTGAT 34 Banjo et al., 2018
1
H8 CGGCGCGGTTAAGAATGATG CCGTTTTACCATCTGCGCTG 46 Banjo et al., 2018
7
mpA CGGCGATAAAGACATCTTCAC GCAACGCGGCCTGGCGGAAG 48 Clermont et al., 2012
9
Mer-1 ACGCCATCTGCAACACCAA GCCAACGAGCATACCGACAT

Disk Difiizyon Testleri

E. cli olarak identifiye edilmis bakterilerin cesitli
antibiyotiklere karst diren¢ durumunu belirlemek
amaciyla disk diftizyon testi Klinik ve Laboratuvar
Standartlart Enstitiistintin (2016) 6nerdigi prosediire
gore yapilmustir (Bauer ve ark., 1996). Antibiyotik
duyarlilik test diskleri seftriakson (CRO 30 ug),
sefalotin (KF 30 pg), sefpim (FEP 30 pg), sefksim
(CFM 5 pg), fostomisin (FOS 50 pg), mecillinam
(MEL 25 pg), tetrasiklin (TE 30 pg), stilfametoksazol
-trimetoprium (SXT 25 pg), levofoksasin (LEV 5 ug),
eritromisin (B 15 pg), azitromisin (AZM 15 ug),
imipenem (IPM 10 pg), ampisilin (AMP 10 pg),
nalidiksik asit (NA 30 ) pg), siprofoksasin (CIP 5 pg),
gentamisin (CN 10 pg), kloramfenikol (C 30 pg) ve
aztreonam (ATM 10 pg) Miller- Hinton agar (Merck,
103876) uzerine yetlestirilmistir. Petriler, aerobik 37°
C’de 18-24 saat inkubasyona birakilacak, inkubasyon
periyodu sonunda olusan zon caplart Olciilerek
degerlendirme yapimistir (CLSI, 2016).

Viriilens genlerinin PCR ile tespiti

Fenotipik testlerle E. co/i olarak tespit edilen izolatlara
ait virilens gen (stx7, stx2 eae ve hhA) tespiti PCR
yontemi ile yapilmustir. Reaksiyon karisimi; her bir
primerden 0.5 pM, 400 uM dntp, 1X PCR buffer,
3mM MgCl; 1.5 U Taq DNA polimeraz (Thermo

Scientific; EP0402, ABD) ve 1 ul kalip DNA olmak
tzere toplamda 50pulL hacimde gergeklestirilmistir.

Termal dongi kosullar; 94° Cde 2 dk ilk
denatlirasyon agamasindan sonra 94° C’de 20 sn son
denatiirayon, 54° Cde 1 dk primer baglanmasi, 72°
Cde 1 dk uzama ve 72° Cde 10 dk son uzama
asamasi olmak tizere 35 déngtden olusmustur (Barel
ve ark., 2022).

Real Time PCR ile Kolistin Diren¢ Geninin (mcr-
1) Tespiti

E. coli olarak belirlenen izolatlarin tespiti amactyla
Real Time PCR kullanilmistir. Reaksiyon toplam 20puL
hacminde gerceklestirilmis olup, her bir primerden 0,1
uM DNA’dan 2 ul olacak sekilde Syber green
supermix (Bio-Rad) kullaniarak yapilmistir. Termal
dongti kosullar; 95° Cde 10 dk ilk denattrasyon
asamasindan sonra 95° Cde 15 sn son denatiirayon,
63° Cde 2 dk primer baglanmast ve 72° C’de 10 sn
uzama olacak sekilde 40 déngiiden olusmustur (Sekil

1).
BULGULAR

Calismada 300 6rnekten konveksiyonel metot ile elde
edilen 90 (%75) izolatta #p.A geni saptanmustir. Buna
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ek olarak yapilan PCR analizi sonucunda higbir

izolatta E. cli seroguplart (O45:H2, O103:H2,
O121:H19, O145:H28, 0O206:H11, O111:HS§)
bulunamamistir.  Ayrica, analiz sonucuna gore

toplamda 8 (%8.8) mer-1 geni bulunmustur (Sekil 1).
Bu calismada hicbir izolatta virllens genlerine

rastlantlmamistir. Ayrica, E. co/i izolatlart 7 (%7.7), 5
(%5.5), 29 (%32.2), 23 (%25.5), 8 (%8.8), 10 (%9), 2
(%2.2) ve 6 (%0.6) oranlarinda sirasiyla tetrasiklin,
eritromisin, gentamisin  azitromisin, imipenem,
ampisilin, nalidiksik aside asit direncli bulunmustur.

Amplification

(2623} AIWNT __

(2515) PspFI
42511) Bse¥I —

(2315) DrdI —

(2081) BsSpQI - SapI
/

-
(1957} Mfel

(1869) Pmel
(1850} BsmBI - Esp3T
(1823) BBVCI - Bpulox

(1729) HindIII
(1523} BSpDI - Clat

Sekil 2: Tim genom analizine ait sirkiiler grafik
Figure 2: Circular graph of whole genome analysis

TARTISMA

Calismada 300 6rnekten konveksiyonel metot ile elde
edilen 90 (%75) izolatta #pA geni saptanmistir.
Ghafur ve ark. (2019) ¢ig gidalar ile yaptiklari bir
calismada E. co/f dizeyini %20 olarak rapor etmistir.
Aklilu ve Raman, (2020) tarafindan yapilan baska bir
calismada ise E. /i %54 dizeyinde oldugu
bilditilmistir. Tim bu calismalara ek olarak, Guo ve
ark. (2021) yaptiklart calismada ise E. co/i diizeyini

Cycles
Sekil 1: Real time analizi sonucu mer-1 geni pozitif olan E. co/i izolatlarina ait Cq degetleri

Figure 1: Cq values of E. coli isolates with mcr-1 gene positive as a result of real time analysis
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%24 olarak rapor etmistir. Yapian ¢alismalarin
(Ghatur ve ark., 2019; Aklilu ve Raman, 2020; Guo ve
ark., 2021) pozitif E. ¢/ oranlari bu calismadaki
orandan disik oldugu gorilmistir. Bu calisma
sonucundan yitksek olarak Adzitey (2020) c¢ig et
ornekleriyle yaptiklart bir calismada E. co/i dizeyini

%90  olarak  bildirmistit.  Sonuclar  arasindaki
farkliliklar ~ Grnekleme  yontemine, test edilen
numunelerin  farkliigina  ve  tespit  teknigine

atfedilebilir (Barel ve ark., 2022).
51



Bu calismda yapilan PCR analizi neticesinde higbir
izolatta O45:H2, O103:H2, O121:H19, O145:H28,
026:H11, O111:H8 E. /i serotipleri bulunamamistir.
Ancak, Mokhta ve Karmi (2021) tarafindan sucuk
kiyma ve tavuk et ile yapilan bir ¢alismada 2 izolatta
0O26:H11 ve O119:H6 serotipi tespit edildigi
bildirilmistir. Bu sonucun mevcut calismamizdaki
sonuctan yiksek oldugu gérilmistir. Bu ¢alismanin
sonuglarina paralel olarak Cho ve ark. (2020)
tarafindan yapilan bir calisgmada hicbir izolatta E. co/i
serotiplerine rastlanilmadigt belirtilmistir. Bu calisma
ve diger calisgmadaki E. /i  serotiplerine
rastlanilmamasi, analize tabi tutulan 6rneklerin azligi
veya az sayida serogrup icermesinden kaynakli
olabilecegi bildirilmistir (Renter ve ark., 2007).

Analiz sonucuna gére bu calismada toplamda 8
(%8.8) izolatta mer-1 geni bulunmustur. Aklilu ve
Raman (2020) yaptiklart bir calismada pozitif mer-7
genini %93 oraninda bulduklarini rapor etmistir.
Yapilan bagka bir calismada mer-1 geni %20 oraninda
bulunmustur (Adiguzel ve ark., 2021). Zhang ve atk.
(2022) tarafindan yapilan bagka bir calismada ise mer-1
geni %20 oraninda rapor edilmistir. Ancak, Rega ve
ark. (2021) tarafindan yapilan bagka bir calisma ise
hicbir izolatta mwr-1  geni tespit edilemedigi
bildirilmistir. Yapilan tim ¢alisma sonuglar: (Aklilu ve
Raman, 2020; Adiguzel ve ark., 2021; Zhang ve ark.,
2022) bu ¢alisma sonucundan oldukea yitksek oldugu
gorilirken, Rega ve ark. (2021) tarafindan yapilan
calisma sonucundan yiiksek oldugu gérilmistiir.

Bu calismada hicbir izolatta viriilens genlerine
rastlanddmamistir. Nehoya ve ark. (2020) yaptiklar: bir
calisgmada izolatlarin %8'inde eze ve six7 birlikte
bulunurken, %40'inda ise ease, stx1 ve stx2 virlilans
genleri bitlikte bulundugu bildirilmistir. Buna ek
olarak, Babolhavaeji ve ark. (2021) tarafindan yapilan
bir ¢alismada virtlens gen oranlarint sx7 1 (%12.5),
stxcl/bly 5 (%62.5) ve stx2/hly 2 (%25) olarak rapor
edilmistir. Momtaz ve Jamshidi (2013) yaptiklar1 bir
calismada six7, eaeA ve hly virtlans genlerinin oranini
5 (%9.80) olarak bulmustur. Yapilan tim c¢alisma
sonuglar1 (Momtaz ve Jamshidi, 2013; Nehoya ve ark.,
2020; Babolhavaeji ve ark., 2021) bu calisma
sonucundan yiksek oldugu gérilmistir. E. coli
izolatlarinda szx geninin bulunmamasi, Karch ve ark.
(1992) bildirdigi gibi zenginlestirme strasinda st
geninin  kendiliginden kaybiyla iligkili olabilecegi
belirtilirken, plazmit tzerinde tasinan A4 geninin
bakteri  kiltiitleme  sonrasinda  plazmid  ile
kaybolabildigi bu durumun tim izolatlarda Ah.A
geninin belirlenememesinin  bir nedeni olabilecegi
bildirilmistir (Ferdous, 2017; Wetzel ve LeJeune,
2007). 1zolatlarin 7 (%7.7), 5 (%5.5), 29 (%32.2), 23
(%25.5), 8 (%8.8), 10 (%9), 2 (%2.2) ve 6 (%06.0)
oranlarinda sirastyla tetrasiklin, eritromisin,
gentamisin  azitromisin, imipenem, ampisilin ve
nalidiksik asite direncli oldugu tespit edilmistir. Bu
calisma sonucuna benzer olarak Kassem ve ark.
(2020) ve Mgaya ve ark. (2021) tarafindan yapilan bir
calismada  tetrasikline (%91.9)  stlfametoksazol-

trimetoprim (%80.5), ampisilin (%70.9),
siprofloksasin (%040.2) ve %25 sefotaksim, gentamisin
(%10.8) ve imipenem (%8.6) olarak bildirilmistir.
Buna karsin, bu calisma sonucundan yitksek olarak
Mashak ve atk., (2018) yaptiklar1 ¢alismada ampisilin,
gentamisin, tetrasiklin ve siprofloksasin oranlarint
strastyla (%100), (%90.47), (%85.71) ve (%71.42)
olarak bildirmistir.

SONUC

Calismada 300 6rnekten konveksiyonel metot ile elde
edilen 90 (%75) izolatta #pA4 geni saptanmistir.
Hayvanlarin =~ kesim  islemi  sirasinda  disk
kontaminasyona dikkat edilmesi, Gretimden tiketime
kadar ki her asamada et ve et uriinlerinin patojen E.
coli tirleri ile kontaminasyonuna sebep olan engellerin
ortadan kaldirilmasi, antibiyotiklere direncli E. coli
varliginin azaltlmast halk saghgi acisindan  buyiik
Onem arz etmektedir. Ayrica, kesimhanelerde calisan
personele gerekli ve yeterli hijyen egitimlerinin etlerin
diskt ile kontaminasyonun engellenmesinde oldukc¢a
6nemli oldugu sonucuna ulagtlmistir.

Cikar catismast: Yazarlarin  rapor edecekleri
herhangi bir ¢ikar ¢atismast yoktur.

Yazar katki Oranlari: MB, calismanin proje fikrine,
tasarimina ve yiritilmesine katkida bulundu, verilerin
toplanmasina katkida bulundu, taslagt hazirladi ve
yazdt, makaleyi elestirel olarak inceledi.

Etik Kurul Bilgileri “Bu  ¢alisma  “Hayvan
Deneyleri Etik Kurullarinin Calisma Usul ve Esaslar
Hakkinda Yoénetmelik” 8(k) uyarinca HADYEK'in
iznine tabi degildir. Bu makalede sunulan veri, bilgi ve
belgeler akademik ve etik kurallar cergevesinde elde
edilmistir.”
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ABSTRACT

Cystic echinococcosis is a prevalent helminth-zoonosis that poses a significant threat to human and animal health
worldwide. Although it typically shows an asymptomatic clinical course, it has been reported to cause many damages
and biochemical changes in tissues and organism. The aim of this study was to investigate the concentrations of
nitric oxide (NO), reduced glutathione (GSH), malondialdehyde (MDA), ceruloplasmin (Cp), and total sialic acid
(TSA) in sheep liver tissue affected by cystic echinococcosis. The study was carried out on sheep between 4-5 years
of age brought to the slaughterhouse in the Igdir territory. The livers were examined post-mortem for cystic
echinococcosis and cystic structures. Sheep liver tissues that tested positive for protoscolex were designated as the
‘infected group’, while healthy sheep liver tissues without lesions were assigned to the ‘control group’. The results
showed significantly higher levels of NO, MDA, Cp and TSA in the infected group compared to the control group
(p<0.05), while GSH levels were significantly lower (p<<0.05). These findings indicate that cystic echinococcosis in
sheep is closely associated with mechanisms of inflammation, oxidative stress, and tissue damage. Moreover, our
study provides insights into the oxidative response of cystic echinococcosis in liver tissue and enhances our
understanding of the disease’s pathogenesis.
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ook
Hidatik Kistli Koyun Karaciger Dokusunda Malondialdehit, Nitrik Oksit, Indirgenmig Glutatyon, Sialik
Asit ve Seruloplazmin Diizeylerinin Belirlenmesi

oz

Kistik ekinokokkoz, dinya c¢apinda insan ve hayvan saghgina ciddi bir tehdit olusturan yaygin bir helmint-
zoonozdur. Genellikle semptomsuz bir klinik seyir géstermesine ragmen, bir¢ok doku ve organizmada hasara ve
biyokimyasal degisikliklere neden oldugu bildirilmistir. Bu ¢alismanin amaci, kistik ekinokokkoz etkisi altindaki
koyun karaciger dokusunda nitrik oksit (NO), indirgenmis glutatyon (GSH), malondialdehit (MDA), seruloplazmin
(Cp) ve toplam sialik asit (TSA) konsantrasyonlarini arastirmaktt. Calisma, Igdir bolgesinde kesimhaneye getirilen
4-5 yas arast koyunlar tizerinde gerceklestirildi. Karacigerler, liimden sonra kistik ekinokokkoz ve kistik yapilar icin
incelendi. Protoskol eksisi pozitif ¢ikan koyun karaciger dokulart "enfekte grubu" olarak adlandinldi, lezyon
olmayan saglikli koyun karaciger dokular ise "kontrol grubu" olarak atanmustir. Sonuclar, enfekte grubun NO,
MDA, Cp ve TSA seviyelerinin kontrol grubuna gére énemli dl¢tide yiksek oldugunu gésterdi (p<<0.05), buna
karsin GSH seviyelerinin 6nemli dl¢tide diistik oldugunu ortaya koydu (p<<0.05). Bu bulgular, kistik ekinokokkozun
koyunlarda iltthaplanma, oksidatif stres ve doku hasart mekanizmalariyla yakindan iliskili oldugunu géstermektedir.
Ayrica, calismamiz kistik ekinokokkozun karaciger dokusundaki oksidatif yanitini anlamamiza ve hastaligin
patogenezi hakkindaki anlayisimizt artirmamiza yardimet olmaktadir.
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To cite this article: Kizultepe S. Okulpins C. Merhan O. Mor N. Uzlu E. Determination of Malondialdehyde, Nitric Oxide, Reduced Glutathione, Sialic Acid and Cernloplasmin
Levels in Sheep Liver Tissue With Hydatic Cyst. Kocatepe Vet . (2024) 17(1):55-61

Submission: : 16.10.2023 Accepted: 01.03.2024 Published Online: 06.03.2024

ORCID ID; SK: 0000-0003-2064-0657, CO: 0000-0003-3563-3716, OM: 0000-0002-3399-0667, NM: 0000-0002-3674-8120, EU: 0000-0002-3064-6633
*Corresponding author e-mail: semistan.kiziltepe@igdir.edu.tr

55



INTRODUCTION

Echinococcus granulosus (E. granulosus) is a cestode
parasite that primarily resides in the intestines of
wolves, jackals, foxes, dogs, and cats. The parasite’s
eggs are excreted into the environment through the
feces of infected carnivores (Craig et al. 2007). The
main mode of transmission is the consumption of food
contaminated with feces containing parasite eggs.
Additionally, uncontrolled contact with contaminated
items or intermediate hosts can also contribute to
transmission. Upon oral ingestion, the eggs form
oncospheres due to the action of stomach acid. These
oncospheres then travel from the small intestine to the
liver through the portal vein, where they invade and
develop. Oncospheres that enter the circulation can
also settle in various organs such as the brain, eyes,
lungs, heart, kidneys, spleen, pleura, and bones. The
clinical manifestation that occurs in the intermediate
host organism, resulting from the growth of larvae
derived from settled oncospheres in the intermediate
host organs, is known as cystic echinococcosis (Mc.
Manus et al. 2003; Oku et al. 2004; Craig et al. 2007;
Ersayit et al. 2009).

Diagnosis of cystic echinococcosis typically involves
the use of radiology, ultrasonography (USG), and
serological methods. However, it can often be
misdiagnosed as a tumor, abscess, or other types of
cysts (Nart 2004; Sener et al. 2004; Ozcel et al. 2007).
In animals, the definitive diagnosis of cystic
echinococcosis is often not cost-effective or practical.
Generally, cystic echinococcosis is an asymptomatic
disease in animals and is frequently detected during
postmortem examinations in slaughterhouses. Despite
being asymptomatic, cystic echinococcosis poses
significant economic losses and health risks, making it
a highly important parasitic disease ( Gicik et al. 2004;
Latif et al. 2010; Demir and Mor 2011; Saadi et al.
2020).

Cystic echinococcosis is a prevalent helminth-zoonosis
that poses a significant threat to human and animal
health worldwide. In Turkey, factors such as extensive
sheep farming, inadequate wildlife control, and
insufficient implementation of control measures (such
as parasitic spraying and breeder education) contribute
to the high prevalence of cystic echinococcosis ( Yildiz
and Giircan 2003; Gicik et al. 2004 ).

In parasitic infestations, the distuption of the
antioxidant defense balance leads to an increased
production of reactive oxygen species, which can cause
damage to host cells. Various studies investigating
different parasitic agents have reported changes in
antioxidant levels and the occurrence of oxidative
stress during infestations. Lipid peroxidation (MDA)
and other oxidative stress mechanisms (Cp, NO, TSA,
and GSH) have been implicated in the pathogenesis of
several parasitic diseases affecting animals ( Sanchez-
Campos et al. 1999; Kilic et al. 2003; Derda et al. 2004;

Kolodziejczyk et al. 2006; Simsek et al. 2006; Kaya et
al. 2007; Gabrashanska et al. 2008; Saleh 2008; Saleh
et al. 2009; Dimri et al. 2010; Heidarpour et al. 2012).
Numerous studies have documented the occurrence of
oxidative stress in parasitic diseases (Boczon et al.
1996; Shousha et al. 1999; Sanchez-Campos et al. 1999;
Derda et al. 2004; Simsek et al. 2006; Saleh, 2008; Saleh
et al. 2009; Dimri et al. 2010). Moreover, oxidative
stress  plays a significant role in the general
pathogenesis of vatrious liver diseases. Assessing
oxidative damage in live animal liver tissue is
challenging, which is why oxidative stress markers are
often measured in blood and blood products in such
diseases.

Several studies have been conducted to determine the
antioxidant and oxidative stress markers in the blood
of humans, cattle, sheep, and camels with cystic
echinococcosis (Kilic et al. 2010; Heidarpour et al.
2012, Heidarpour et al. 2013 a, b; Mahmood et al.
2020). In contrast, some studies suggest that direct
detection methods are more reliable for evaluating
antioxidant status and oxidative stress (Fang et al.
2002; Deger et al. 2008; Aslam et al. 2023). However,
there is a lack of reports on direct tissue analysis of
oxidative stress and antioxidant defense systems
specifically related to cystic echinococcosis in sheep.
In recent years, the veterinary field has seen increased
investigation into oxidative stress parameters such as
MDA, NO, and GSH, as well as acute phase proteins
like TSA and Cp. However, there is still limited
research on how these parameters change in parasitic
conditions such as cystic echinococcosis, which
continues to pose a risk in industrial livestock farming
and has zoonotic implications. Therefore, the current
study aims to investigate the levels of liver MDA, Cp,
NO, TSA, and GSH in infected sheep, with the goal of
assessing the oxidative response and providing insights
into the pathogenesis of the disease.

MATERIALS AND METHODS

The study utilized liver samples obtained from
between sheep 4-5 years of age brought to the
slaughterhouse from sheep farms in the Igdir territory.
Prior to inclusion in the study, a comprehensive health
examination was conducted on all sheep brought for
slaughter. After slaughtering the animals, all organs
were examined to identify hydatid cysts, and only
sheep with liver cysts were included in the study.
During sample collection, particular attention was
given to ensuring that each liver had at least three cyst
foci. The cyst contents of these samples were
examined under a microscope for parasitological
analysis, and a total of 40 sheep livers with positive
protoscoleces (fertile cysts) were assigned to the
experimental group. The control group consisted of 10
sheep livers that did not show any pathological lesions
during general organ examinations and appeared
healthy in the physical examination.
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Tissue samples from the study group were taken from
the cyst site and cyst membrane, measuring
approximately 1 cm? in size. Tissue samples from the
control group were obtained from the middle lobe of
the liver, also measuring approximately 1 cm?® All
samples from both groups were stored at -20 °C for
further analysis.

Homogenization of Liver Tissue

Tissue sample taken from liver were immediately fixed
with PBS (7.4 pH) at +4 °C and homogenized at 290
g for 3 minutes with the help of a cooling homogenizer
(Wiggen-Hauser ~ D-500,  Germany).  During
homogenization, the samples were kept in ice for 15-
20 seconds once a minute to prevent heating. The
homogenates were centrifuged for 15 minutes at 4 °C
at 2400 rpm (Hermle Z 326 K, Germany), and the
supernatants obtained wete stored at -80 °C until
analyzed.

Biochemical Analyses

The concentrations of nitric oxide (NO), reduced
glutathione  (GSH), malondialdehyde (MDA),
ceruloplasmin (Cp) and total sialic acid (TSA),

respectively, Miranda et al. (2001), Beutler et al. (1963),
Yoshioka et al. (1979), Colombo and Richterich (1964)
and Sydow et al. (1988) spectrophotometrically
measured (Epoch®, Biotek, USA) according to the
method reported.

Statistical Analysis

The data of the study were statistically evaluated using
the SPSS 20.0 (SPSS Inch. Chicago, IL, USA) package
program. Kolmogorov-Smirnov test was performed
and it was determined that the groups showed normal
distribution. Student’s t test was used to compare

groups.
RESULTS

Table 1 displays the levels of MDA, NO, GSH, Cp,
and TSA obtained from sheep livers with hydatid cysts
(Figure 1) and healthy sheep livers. In comparison to
the control group, the infected group exhibited
significantly higher levels of MDA, TSA, Cp, and NO,
along with lower levels of GSH (p<<0.05). The disparity
between the measurements was particularly significant
in the MDA and TSA parameters (p<<0.001).

Table 1. Malondialdehyde (MDA), reduced glutathione (GSH), nitric oxide (NO), ceruloplasmin (Cp) and total sialic

acid (TSA) levels in liver tissue.

Parameters Control group Infected group P value
MDA (pmol.g-1 wet tissue) 0.61£0.14 = 2.2810.24y p<0.001
TSA (mg.g -1 wet tissue) 0.83£0.12% 1.34£0.08 ¥ p<0.001
Cp (mg.g-1 wet tissue) 0.27£0.112 0.73£0.09 > p<0.05
NO (pmol.g -1 wet tissue) 0.83%0.052 1.2940.09° p<0.05
Reduced GSH (pmol.g—1 wet tissue) 5.84£0.362 4.66£0.19° p<0.05

* The difference between groups with different (a, b) signs in the same lines is significant (p<0.05).
**The difference between groups with different (x, y) signs in the same lines is significant (p<<0.001).

Figure 1: Sheep liver samples with hydatid cyst after slaughter at the abattoir.
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DISCUSSION

Cystic echinococcosis is a parasitic and zoonotic
disease that exhibits a higher incidence in regions
where traditional sheep breeding is common and rural
populations are concentrated. Typically, cystic
echinococcosis has an asymptomatic clinical course.
Various studies have demonstrated that parasites can
induce biochemical changes by damaging the tissues
and organs they inhabit (Mert et al. 2003; Ayaz et al.
2006; Sahin and Akgil 2000).

One of the reactions observed in cellular damage
caused by free radicals is lipid peroxidation in cell
membranes. Elevated levels of MDA, an end product
of lipid peroxidation, are considered an indicator of
oxidative damage in multiple tissues and organs. Aslam
et al. (2023) found significantly higher concentrations
of MDA (p<0.05) in cystic echinococcosis cysts and
infected buffalo liver tissues compared to uninfected
liver tissues in their study. Similarly, in the present
study, it is hypothesized that cystic echinococcosis
cysts cause significant cellular damage in liver tissue
due to their space-occupying effect and mechanical
pressure. This damage is believed to be the underlying
cause of the elevated MDA levels, which serve as a
strong indicator of oxidative stress due to increased
lipid peroxidation. In our study, infected sheep
exhibited higher MDA levels compared to the control
group. Moreovet, it is worth noting that several studies
conducted with humans, camels, cattle, and sheep
infected with Echinococcus granulosus have also
reported significantly higher MDA levels compared to
healthy individuals, which supports the findings of our
study (Heidarpour et al. 2012, 2013a; Merhan et al.
2017; Aslam et al. 2023).

Acute-phase proteins serve as clinically useful and
convenient biochemical markers for disease diagnosis,
treatment, and prognosis monitoring (Nakajima 1993;
Mc Pearson 1996; Gruys et al. 1994; Floris et al. 2000;
Bozukluhan et al. 2020). Additionally, sialic acid
undergoes significant changes in diseases associated
with tissue damage or inflaimmation, where the acute-
phase response is stimulated. The level of sialic acid is
considered an indicator of the acute-phase reaction
due to its structural characteristics (Erdogan et al.
2008; Yarim et al. 2010). Studies have shown that
serum TSA levels increase in buffalo and cattle
naturally infected with cystic echinococcosis (Yarim et
al. 2010; Mohammadpour et al. 2021). In our current
study, we observed statistically significant elevation
(p<0.001) in TSA concentrations in the cystic
echinococcosis-infected group compared to the
control group. We attribute this increase to the
induced acute-phase reaction triggered by parasitic
infection.

Peptide-structured glutathione (GSH), which can be
synthesized in the liver, plays a crucial role in the

antioxidant defense system that combats oxidative
damage caused by free radicals and peroxidases
(Karaman et al. 2008; Koltas et al. 2008). During
parasitic  infections, the glutathione system
demonstrates its protective effect against the
detrimental effects of lipid peroxidation by interacting
with free radicals and peroxides (Dede et al. 2000;
Deger et al. 2008). Previous studies conducted on
cattle infested with Dictyocaulus viviparus (Deger et al.
2008), goats naturally infected with Haemonchus
contortus (Rashid and Irshadullah 2019), and buffaloes
infested with Fasciola gigantica (Rehman et al. 2021),
as well as cystic echinococcosis-infected buffaloes
(Kolodziejczyk et al. 2006), have reported a decrease in
GSH concentration in serum or liver tissue
examinations, highlighting the history of liver tissue
damage in the pathogenesis. In our study, we also
found lower liver tissue GSH concentrations (p<<0.05)
in the infected group compared to the control group,
aligning with the findings of the aforementioned
research. We believe that this observation is a result of
the reaction occurring with the protective effect of
GSH as an antioxidant in response to the oxidative
stress induced by the damage to cells, tissues, and
organs infested with cystic echinococcosis.
Ceruloplasmin (Cp) is another important acute-phase
protein for sheep (Bozukluhan et al. 2018; Ulutas et al.
2008). In certain infections, it has been reported to
increase up to half of the normal value (Nispet et al.
2008). In addition to its acute-phase protein properties,
Cp is involved in the transport of antioxidants and
copper in the bloodstream (Ulutas et al. 2008; Gokce
and Bozukluhan 2009; Tuna and Ulutas 2015). This
characteristic makes it a potential diagnostic marker for
diseases (Erkilic et al. 2019; Kirmuzigil et al. 2020). In
a study conducted by Nisbet et al. (2008) in cattle with
cystic echinococcosis, they found that serum Cp levels
were higher in the patient group compared to the
group of healthy animals. Similarly, in a study by Eser
et al. (2013) in individuals with pulmonary
echinococcus (PE), they reported higher Cp values in
the PE group compared to the healthy group. They
also observed a significant decrease in Cp values in the
PE group after surgical removal of the cysts, compared
to the initial values obtained from the patients. In our
study, the concentration of Cp in the cystic
echinococcosis-infected group was found to be higher
than in the control group (p<0.05). This elevation is
likely attributed to the inflammatory changes
associated with cystic echinococcosis.

CONCLUSION

In conclusion, the significant differences observed in
MDA, NO, GSH, TSA and Cp levels in cystic
echinococcosis-infected sheep liver tissues compared
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to healthy sheep indicate the presence of significant
oxidative stress in the livers of infected sheep. In
addition, it is thought that direct measurement of these
parameters from liver tissue may be a more reliable
diagnostic method.
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ABSTRACT

This study aimed to evaluate the effects of black garlic extract in preventing gastric ulcers. For this purpose, twenty-
cight 2-3 month-old Spraque dawley rats were randomly divided into four groups: the Control group (CG), Ulcer
group (UG), Ulcer + pantoprazole treatment group (PTG), and Ulcer + Black garlic group (BGG). Stomach ulcers
were induced by administering indomethacin at a dose of 25 mg.kg! to all groups except the control group. Then,
pantoprazole (20 mg.kg!) and black garlic extract (275 mg. rat) were administered to the treatment groups. After
the study, stomach samples were collected and macroscopic (ulcer scoring and ulcerative area mm?) and
histopathology examination (HE) were performed. In biochemical analysis, MDA (pg.ml!), SOD (ng.ml!) and
CAT (ng.ml") levels were determined in the tissue. According to the macroscopic results obtained; Statistically
significant changes were found between BGG and UG (p<0.0001). PTG showed better effects than all groups. In
histopathology; no lesion was found on CG. There was a similarity between PTG and CG. While there were intense
bleeding and ulcer foci in UG, only limited focal ulcers were found in BGG. MDA, the highest values were seen in
UG. There was no statistical significance between PTG and BCG. The lowest SOD activity was in UG, and there
was a similarity in PTG and BGG. The highest CAT activity was determined in CG and the lowest in UG. In
conclusion; black garlic extract applied in a single and high dose (5% w.v-1, 275 mg. rat) showed partial protective
activity against stomach ulcers.

Keywords: Black garlic extract, pantoprazole, stomach ulcer, ulcer model.
*okok

Siyah Sarimsak Ekstraktinin Ratlarda Deneysel Mide Ulseri Modelinde Koruyucu Etkilerinin
Aragtirilmasi

oz

Bu calismada gastrik tlserin 6nlenmesinde siyah sarimsak ekstraktinin etkilerinin degerlendirilmesi amaclandi. Bu
amagla 2-3 aylik 28 adet Sprague dawley irk1 rat rastgele olarak 4 gruba ayrildi. Kontrol grubu (CG), Ulser grubu (UG),
Ulser + pantoprazole tedavi grubu (PTG) ve Ulser + Siyah sarimsak grubu (BGG). Kontrol grubu hari¢ diger
gruplara 25 mgkg! dozda indomethazin verilerek mide tlseri olusturuldu. Daha sonra tedavi gruplarina
Pantoprazol (20 mgkg!) ve siyah sarimsak eksrakti (275 mg.rat) uygulandi. Calisma sonrasinda mide Srnekleri
alinarak makroskobik (ilser skorlamast ve tlseratif alan mm?) ve histopatoloji incelemesi (HE boyamasi) yapildt.
Biyokimyasal analizlerde oksidan/antioksidan parametre analizleti kapsaminda malondialdehid (MDA, pg. ml-)
seviyesi ile stiperoksid dismutaz (SOD, ng. ml!) ve katalaz (CAT, ng. ml) aktiviteleri degerlendirildi. Elde edilen
makroskobik sonugclara gore; BGG ve UG arasinda istatisliksel anlamli degisimler bulundu (p<0.0001). PTG tim
gruplara gére daha iyi etki gsterdi. Histopatolojide; CG’de herhangi bir lezyona rastlanmadi. PTG ile CG arasinda
benzerlik vardi. UG’de yogun kanama ve llser odaklart mevcutken, BGG’de sadece sinurlt fokal tlser bulundu.
MDA’da degerler en ylksel UG’de gorildi. PTG ve BCG arasinda istatisliksel anlam yoktu. SOD aktivitesi en
distik UG olup, yine PTG ve BGG’de benzerlik vardi. CAT aktivitesi en yitksek CG’de en disik ise UG’de
belirlendi. Sonug olarak; tek ve yliksek dozda (%5 w.v, 275 mg.rat) uygulanan Siyah sarimsak ekstraktt mide tlserine
karst kismi koruyucu etkinlik g&stermistir.

Anahtar kelimeler: Mide ilseri, pantoprazole, siyah sarimsak ekstrakti, tlser modeli
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INTRODUCTION

The gastric ulcer has an important place among
gastrointestinal problems and if left untreated, it can
cause complications, stomach and duodenal cancers
and even death. Many etiological factors can cause this
problem. Nonsteroidal —anti-inflammatory — drugs,
alcohol, stress, and Helibacterium pylori infections are
the main ones (Sabiu et al. 2015). The size and number
of ulcers formed in the stomach tissue may vary.
Ranging between 1-5 mm in diameter, these ulcers may
extend deeply from the mucosa to the muscular layer,
resulting in a slow or incomplete healing process
influenced by digestive fluids. Antacid drugs, H»
receptor blockers and proton pump inhibitors are
currently used in ulcer treatment. However, these
drugs have side effects and long-term problems, such
as absorption problems and the elimination of the
initial barrier effect of the stomach.

In stomach ulcer research, the ulcer tissue must heal
quickly by increasing the durability of the stomach
tissue. For this purpose, many experimental models
(non-steroids, alcohol and stress) and studies are
available. Herbal extracts with antioxidant and
antimicrobial effects against Helibacterinm pylori are
important in experimental ulcer studies. Pistacia
atlantica essential oil has been reported to have a
protective effect against gastric ulcers caused by
ethanol and antibacterial activity on Helicobacter pylori
(Memariani et al. 2017). The aqueous extract of Carica
papaya seed exhibited anti-ulcerogenic and antioxidant
effects (Oloyede et al. 2015), while Xylocarpus granatum
fruit was found to be mucosal protective in rats
(Lakshmi et al. 2010).

In recent years, many operations have been carried out
to remove the unpleasant odour of garlic and increase
its taste. Black garlic; It is a form of normal garlic
(Allinm sativum) with high antioxidant levels, formed as
a result of heat treatments and fermentation steps. It
has been stated that this form may be useful in
preventing and reducing the effects of various diseases.
Since the sulfur compounds and allicin it contains
decrease during fermentation, its disturbing effects are
no longer a problem. Black garlic extract; has been
determined in previous studies to it could exhibit anti-
inflammatory, anti-obesity, hepatoprotection,
hypolipidemia, anti-cancet, anti-allergy,
immunomodulation, nephroprotection, cardiovascular
protection and neuroprotective effects (Tak et al. 2014;
Jeong et al. 2016; Kim et al. 2017).

There are very few studies on the gastrointestinal
effects of black garlic. This study aimed to determine
the potential protective effects of single and high doses
of black garlic extract on induced gastric ulcers in rats.

MATERIALS and METHODS

This study Animal Experiments Local Ethics
Committee approval was taken. Twenty-eight 3-
month-old Spragne dawley rats were randomly divided
into four groups (n=7 rats per group). Group 1;
Control group (CG), Group 2; Ulcer group (UG),
Group 3; Ulcer +Standard treatment group (PTG),
Group 4; Ulcer + Black garlic group BGG).
Indomethacin (Endol capsule/Deva
Tlac/Istanbul /Tiirkiye) was administered orally by
gavage at a dose of 25 mg.kg-1 to all rats except the
control group, after a 12-hour fasting period. 10
minutes before indomethacin was administered to the
treatment groups (Group 3); Pantoprazole (20 mg.kg
I, Pulcet capsule, Nobel Tlac Istanbul/Tirkiye) and
black garlic (MDC Black Gatlic, Istanbul-Tiirkiye) was
administered to Group 4 by preparing its aqueous
extract in powder form (5% w.vl, 275 mg. rat) was
administered orally. 6 hours after drug administration,
the rats were euthanized by cervical dislocation under
ketamine (Keta control, Doga Tlag/Istanbul /Tiirkiye)
and xylazine (Xylazinbio 2%, Bioveta) anaesthesia.
After the stomach tissues were removed, they were
washed in 0.9% NaCl solution.

Macroscopic evaluation

Stomach tissues were placed on a clean surface and
ulcer areas were visualized. Ulcer areas (mm?) on the
stomach surface were determined using millimetric
paper. In ulcer scoring, the ulcer level (0-5 scale) was
determined and recorded separately for each animal, as
stated in previous studies (Cantarella et al. 2005).

Histopathological evaluation

After the experimental study, the stomach tissues
removed after euthanasia were divided into 2 equal
parts. Gastric tissue samples taken for histopathology
were stored in 10% formaldehyde solution. 4 pm
sections were taken from the tissue samples taken into
paraffin blocks and examined by Hematoxylin-Eosin
(HE) tissue staining. The severity of the ulcer and the
level of healing were determined by 3 experts in

pathology.
Oxidant-antioxidant balance parameters

Other stomach tissue samples taken from each rat
were homogenized in an ice cube in PBS (Phosphate
buffer saline) for 1 minute in a tube with 2000 rotations
per minute. The resulting homogenates were
centrifuged at 7000 tpm for 10 min at 4 °C in a
refrigerated centrifuge, and the supernatants were
stored at —80°C until subsequent analysis. Total
protein (TP, Abcam Company ab113463) levels and
malondialdehyde (MDA Assay Kit, ab238537),
glutathione (GSH Colorimetric ab102530), superoxide
dismutase (SOD Abcam Company, ab285309), and
catalase (CAT, BT Lab E0869Ra) activities in the
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stomach tissue were measured from the prepared
samples.

Statistical evaluation

All numerical values obtained will be evaluated by one-
way analysis of variance (ANOVA) if appropriate, or
by Kruskal Wallis H-Test if not appropriate. SPSS 22
and GraphPad Prism 7 (GraphPad Software, Inc., La
Jolla, CA, USA) were used in the study. In the study,
p<0.5 was considered significant.

RESULTS

Stomach ulcer areas are considered in macroscopic
evaluation; No lesion was found in the control group
(CG). While the highest ulcer area (mm?) was seen in
UG, the lowest amount was seen in the PTG group.
Statistical significance was found between PTG and
UG. (Figures 1 and 2, p<0.0001).

C D

Figure 1: Macroscopic appearance of the stomach
tissues; A: Control group (CG), B; Ulcer group to
which indomethacin  was applied (UG), C;
Pantoprazole treatment group (PTG), D; Black garlic
treatment group(BGG).
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Figure 2: Ulcer areas (mm?) formed after
indomethacin application in gastric tissue samples.

Control group (CG), Ulcer group (UG), Ulcer +
Pantoprazole treatment group (PTG) and Black garlic
group (BGG). Statistically significant (*p<<0.05,
#p<0.01, ¥**p<0.001, ****p<0.0001).

A statistical difference was found between BGG, UG
and CG in ulcer index (0-5 scale) values. The highest
ulcer index was seen in UG, while the lowest level was
seen in PT'G. There was statistical significance between

PTG and BGG (Figure 3, p<0.01).
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Figure 3: Ulcer scale (0-5) all groups. Control group
(CG), Ulcer group (UG), Ulcer + Pantoprazole
treatment group (PTG) and Black garlic group (BGG).
Statistically significant (*p< 0.05, **p< 0.01, ***p<
0.001, ****p < 0.0001).

In histopathological evaluation; In the material
examined with serial sections on CG, mucous
columnar epithelium in the stomach and gastric glands
in the submucosa were observed as normal. Multiple
bleeding ulcerative foci and erosions were observed in
the UG. In the PTG group, there was an appearance
close to normal tissue. Mucosa and glands were
normal. No ulcer was detected. In BGG, there were a
few focal mucosal damages and ulcers. An increase in
mucus cells and mucus was observed. The multilayered
cutaneous stomach section was normal in all groups.
The fact that fewer ulcer areas were observed in BGG
than in UG showed that black garlic has incomplete
partial protective effects.
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Figure 4: Evaluation of gastric tissue samples by
Hematoxylin  and  Eosin  staining  (HEx20
Magnification). (A): Control group; normal stomach
tissue. (B):  Ulcer group; mucosal damage, cell
infiltrates, multiple ulcers and haemorrhage. (C): Ulcer
+ Pantoprazole treatment group; Near normal
mucosa, (D): Black garlic group; Very low rate of focal
mucosal damage.

When examined in terms of oxidative stress
parameters, MDA levels (pg. ml-1) were highestin UG
and lowest in CG. A statistically significant decrease
was observed in BGG compared to UG (p<0.01). No
statistical significance was found between PTG and
BGG (Figure 5).
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Figure 5: MDA (pg.ml-1) levels in samples obtained
from gastric tissue homogenates. Control group (CG),
Ulcer group (UG), Ulcer + Pantoprazole treatment
group (PTG) and Black garlic group BGG).
Statistically ~ significant ~ (*p<0.05,  **p<0.01,
+p<0.001).

The highest SOD activity (ng. ml-1) was seen in CG
and the lowest level was seen in UG. There was a
statistical difference between BGG and UG (p<0.5).
There was no statistical difference between BGG and
PTG (Figute 06).
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Figure 6: SOD (ng.ml-1) activities in samples. Control
group (CG), Ulcer group (UG), Ulcer + Pantoprazole
treatment group (PTG) and Black garlic group (BGG).
Statistically ~ significant  (*p<  0.05, **p<0.01,
F¥p<0.001, ¥**+p<(0.0001).

While there was a statistical difference between PTG
and UG in CAT activity (ng. ml-1, p<0.5), no
significance was found between UG and BGG (Figure
7).
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Figure 7: CAT (ng.ml-1) activities in samples. Control
group (CG), Ulcer group (UG), Ulcer + Pantoprazole
treatment group (PTG) and Black garlic group (BGG).
Statistically significant (*p < 0.05, **p <0.01). Ns: Not
significant. No statistical significance was found
between UG and BGG values.

DISCUSSION

Stomach ulcers are one of the gastrointestinal
problems that significantly reduce the quality of life,
which may have different etiological reasons. Non-
steroids are one of the factors playing a role in
aetiology. Indomethacin is a non-steroidal drug and
has many side effects. They have side effects on the
stomach (especially ulcers) when used in normal doses
and sometimes unconsciously in high amounts
(Suleyman et al. 2010). There is a search for new
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treatments for ulcer treatments due to the negative
effects of currently used drugs, such as long-term
absorption disorders and eliminating the barrier effect
of the stomach. Black garlic extract is one of them. The
amount of total phenolic substances and flavonoids is
much higher than normal garlic (Ahmed and Wang
2021). Antioxidant compounds such as lycopene show
protection by showing antioxidant effects in gastric
ulcer models (Boyacioglu et al. 2016). In another study,
it was stated that there was a higher level of protection
at the 200 mg.kg! dose in the stomach ulcer model
created by applying 100 and 200 mg.kg! doses for 30
days (Badr et al. 2014).

Possible protective efficacy can be easily observed and
measured macroscopically in gastric ulcer models
created with indomethacin. Calculating ulcer areas and
ulcer scores is one of them. In a previous study, it was
reported that there was a statistical decrease in ulcer
areas in the stomach tissue as a result of the application
of silymarin at different doses (25, 50 and 100 mg.kg™)
in the stomach ulcer model created in rats (Boyacioglu
2019). In this study, there was a statistically significant
decrease in ulcer scores and areas (mm?) in the BGG
group compared to the UG group (p<0.0001).
However, the use of higher doses of black garlic
extract compared to previous studies, did not achieve
higher levels of protection.

In histopathological evaluation, while no ulcers and
mucosal damage were found in CG and PTG, a high
rate of haemorrhage and ulcer foci were observed in
UG. In BGG, fewer focal ulcer foci were detected
(Figure 4). This showed that the protective
effectiveness of black garlic remained at a partial level.
In a previous study, it was determined that black garlic
applied to rats at a dose of 200 mg.kg! for 10 days had
protective effects on stomach ulcers but was lower
than omeprazole application (El-Ashmawy et al. 2010).
In the same study, it was stated that omeprazole
showed 94.5 % anti-ulcerative effects, while black
garlic extract showed a protective effect of 83.4 %. In
this study, black garlic extract used in higher doses
compared to previous studies did not show protection
reaching higher levels. This showed that increasing
doses were not effective in protection.

Some researchers have stated that black garlic increases
the inflaimmatory response due to its high sugar
content compared to fresh garlic and that it is only
more effective in ROS-related issues (Kim et al. 2017).
They found that the anti-inflammatory activity of black
garlic fermented with Lactobacillus rhamnosus was
dependent on the activation of NF-xB, inhibition of
cytokine production, and expression of iNOS and
COX-2 (Tak et al. 2014). In previous studies, black
garlic has been shown to exert protective effects by
reducing oxidative stress parameters in rats subjected
to nephrotoxicity (Maldonado et al. 2003). In another
study, it was reported that it similarly reduced 8-

hydroxydeoxyguanosine and MDA levels and
regulated TGF-81, SOD, CAT, and GSH levels in a
colistin-induced renal failure model (Lee et al. 2019).
In this study, black garlic application statistically
significantly reduced MDA levels in BGG compared
to UG (p<0.01). There is no significance between
BGG and PTG for the same values. These values
showed that black garlic has significant effects on
reducing MDA levels. Considering the SOD activity, it
is seen that there is statistical significance between
BGG and UG (p<0.05), but there is no significance
between BGG and PTG. It has been observed that
black garlic has beneficial effects in maintaining
antioxidant enzyme levels. Considering the activities
of another antioxidant, CAT, it was seen that the levels
were higher in the PTG group. It has been determined
that black garlic has limited effectiveness in protecting
CAT activities. Additionally, due to the oxidation of y-
glutamyl cysteine, black garlic does not produce
irritating and soluble sulfur-containing compounds,
thus it does not irritate the digestive system. It has also
been determined that it can help reduce constipation
because it causes increased motility in the digestive
system. Aged black garlic extract induces gastric cancer
cell growth inhibition in vitro and in vivo (Wang et al.
2012). It also induces apoptosis in the HT29 colon
cancer cell line (Dong et al. 2014).

CONCLUSION

It was found that the application of black garlic extract
in a single and high dose (275 mg. rat) showed partial
gastroprotective effects in the gastric ulcer model
induced by a nonsteroidal anti-inflammatory drug
(indomethacin). Although its protective effects are not
as strong as pantoprazole, it is thought to have the
potential for use in prophylaxis and treatment. Since
black garlic has compounds that dissolve only in oil, it
is thought that it may be beneficial to conduct this
study in oil and different solvents (such as carboxy
methyl cellulose).

Ethical Approval: Aydin Adnan Menderes University
Animal Experiments Local Ethics Committee
(Approval No: 64583101/2023/156)
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ABSTRACT

In this study, the effect of orally given fluid-electrolyte and energy supplementation immediately after the delivery on some
metabolic and fertility parameters was investigated. Holstein dairy cows which were housed in a private dairy company under
identical management and feeding programs were divided into two groups as experiment (n=70) and control (n=75). Cows
in the experiment group were treated by orally given 5 kg fluid-electrolyte and energy supplementation dissolved in 20 litres
lukewarm water for three consecutive days, whereas the control group received only the 20 litres of lukewarm water. The ear
tag numbers of all cows used in the study were recorded and monitored until next delivery. Blood samples were collected
from the coccygeal vein of the cows on the postpartum 4® day. It was determined that the concentrations of BHBA in the
experiment group were lower than in the control group (p<0.01). However, the concentrations of NEFA and glucose did
not differ between the experiment and the control groups (p>0.05). It was seen that the synchronization rate was lower in
the experiment group than that detected in the control group (p<0.05). The pregnancy rate did not differ between groups
(p>0.05). Nevertheless, the service number per pregnancy displayed a higher incidence in the control group as compared to
the experiment group (p<<0.001). Similarly, calving to pregnancy interval and the calving interval was higher in the control
group (p<0.05). Total lactation milk yield in the experiment group was higher as compared to the control group (p<<0.05). In
conclusion, it was observed that orally given fluid-electrolyte and energy supplementation immediately after delivery
improved the fertility parameters in Holstein dairy cows.

Keywords: Fluid-Electrolyte, BHBA, Dairy cow, Fertility

Hokok
Holgtayn Siit Ineklerinde Dogum Sonras1 Stvi-Elektrolit Ve Enetji Katkisinin Fertilite
Parametreleri Uzerine Etkisi

(074

Bu ¢alismada siit ineklerinin dogumlarindan hemen sonra li¢ gin boyunca igirilen sivi-elektrolit ve enerji desteginin bazt
metabolik ve fertilite parametreleri lizerine etkisi arastirildi. Ticari bir siit isletmesinde ayni ¢iftlik yonetimi ve besleme
programt altinda barindirilan Holstayn stt inekleri deneme (n=70) ve kontrol (n=75) olmak tizere iki gruba ayrildi. Deneme
grubundaki ineklere G¢ giin boyunca agizdan 5 kg/gtin sivi-elektrolit ve 20 litre 1ltk suda eritlmis enerji takviyesi vetilirken,
kontrol grubundaki ineklere sadece 20 litre 1lik su verildi. Calismada kullanilan tim ineklerin kulak kiipesi numaralar1 kayit
altina alindr ve bir sonraki doguma kadar takip edildi. Biitiin hayvanlarin kuyruk venalarindan postpartum 4. giinde kan
ornekleri alindi. Deneme grubundaki kan BHBA konsantrasyonunun kontrol grubuna gére daha disik oldugu belirlendi
(p<0.01). Ancak kan NEFA ve glikoz konsantrasyonlart deneme ve kontrol gruplari arasinda farklilik gostermedi (p>0.05).
Senkronizasyon oraninin deneme grubunda kontrol grubuna gére daha disik oldugu goérilda (p<0.05). Gebelik orani
gruplar arasinda farklilik géstermedi (p>0.05). Kontrol grubunda ise gebelik bagina tohumlama sayist deneme grubuna gore
daha yiiksek gorildi (p<0.001). Benzer sekilde dogum-gebe kalma aralig ve buzagilama araligi da kontrol grubunda daha
yuksek oldugu izlendi (p<0.05). Deneme grubunda laktasyon siit veriminin kontrol grubuna gére daha ytksek oldugu
belirlendi (p<0.05). Sonug olarak Holstayn siit ineklerinde dogumdan hemen sonra oral olarak verilen stvi-elektrolit ve enerji
takviyesinin fertilite parametrelerini iyilestirdigi kanisina varilds.

Anahtar Sézciikler: Sivi-Elektrolit, BHBA, Sit inegi, Fertilite.
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INTRODUCTION

Dairy cows face a metabolically stressful period after
parturition due to the enormous loss of nutrients
such as water, energy and electrolytes (Grummer
1995; Enemark et al. 2009). Meanwhile, due to
suppressed dry matter intake in the late pregnancy
period, animals are not able to meet their nutrient
requitements amelioration from the diet. Especially,
energy deficiency is quite remarkable and it leads to a
severe negative energy balance shortly after
parturition (Drackley et al. 1991). Insufficient energy
intake causes dramatic metabolic changes such as a
decrease in blood glucose whereas there is an increase
in non-esterified fatty acids (NEFA) and beta
hydroxybutyric acid (BHBA)  (Oetzel 2007).
Moteover, subclinical ketosis occurs in dairy cows
while serum BHBA levels are higher than 1.2 mmol/l.
Subclinical ketosis is one of the most dangerous
metabolic disorders induced by reduced milk yield,
impaired reproductive performance (Collard et al.
2000) and increased incidence of culling rate (Uyatlar
et al. 2018). Numerous studies demonstrated the
relationship between hyperketonemia and reduced
productivity in dairy cows (Dohoo and Martin 1984;
Drackley 1999; Herdt 2000; Ospina et al. 2010b;
McArt et al. 2012). Moreover, subclinical ketosis is
related with increased incident in puerperal metabolic
disorders (Ospina et al. 2010a).

The reproductive performance of dairy cows is
closely related to the energy status in dairy cows
(Grummer 2007). Oftentimes, delayed onset of luteal
activity, decreased conception rate in the first
insemination and increased number of the days from
calving to conception in dairy cows are occurred in
severe negative energy balance (Staples et al. 1990;
Reist et al. 2003). Moreover, Rutherford et al. (2016)
demonstrated that subclinical ketosis caused impaired
reproductive performance by prolonging calving to
first standing heat, calving to first insemination and
calving to pregnancy intervals. In addition, drenching
dextrose, electrolytes and vitamins is a prophylactic
administration, when severe dehydration occurs
(Enemark et al. 2009). However, nutritionists
traditionally suggest oral administration of glucose
precursors such as propylene glycol, glycerol, and
calcium propionate to dairy cows during the
transition period (Overton and Waldron 1996). This
treatment aids in decreasing the energy gap, whereas
it does not help to alleviate the loss of water,
electrolytes and vitamins due to the parturition
(Stokes and Goff 2001; Enemark et al. 2009). From
this point of view, this study was aimed to determine
the effect of orally given fluid-electrolyte and energy
supplementation for three days after parturition on
fertility parameters in Holstein dairy cows.

MATERIALS and METHODS

Animals and Housing

The study was conducted in a private Holstein
Friesian dairy cow farm which were located in
Tirkiye. The cows had same management and
feeding programs and were milked thrice daily. The
dry period was separated to the far-off (50-60 days
before the expected delivery) and close-up (21 days
before the expected days) periods. After parturition,
the cows were housed in fresh group (3-30 days
postpartum). The individual milk yield of the cows
which were taken from an automatic milking system
was daily recorded (DairyPlan, GEA, Germany) until
next delivery and the lactation milk yield were
calculated at the end of study. The cows were
grouped according to the individual milk yield
following the fresh period.

Experimental Design

A total of 145 Holstein dairy cows immediately after
delivery were divided into two groups. Cows in the
experiment group (n = 70) were treated by orally
given 5 kg  fluid-electrolyte and  energy
supplementation ~ (Polihidra, Polimed, Ttrkiye)
dissolved in 20 litres lukewarm water for three
consecutive days, whereas control group (n = 70)
received only 20 litres of lukewarm water. The ear tag
numbers of all cows used in the study were recorded
and the cows were monitored for the reproductive
parameters (synchronization rate, pregnancy rate,
service number per pregnancy, calving to pregnancy
interval and calving interval) until next delivery.

Diets

The animals were fed by same diet which were
prepared and served as total mix ration (TMR).
Nutrient composition and feedstuff formulation of
the diet are presented in Table 1.

Measurement of metabolic profile

Blood samples were collected from coccygeal vein of
the cows on the postpartum 4% day. Sera were
harvested from blood samples following the
centrifugation at 5.000 rpm for 10 min. The serum
concentrations of glucose were analyzed by the
commercially available reagents of Cobas C111
analyzer (Roche Diagnostic, Mannheim, Germany),
whereas betahydroxybutyric acid (BHBA, #RB1008,
Randox Laboratories Litd., Crumlin, UK) and non-
esterified fatty acid (NEFA, #FA115, Randox
Laboratories Ltd., Crumlin, UK) were measured by
ELISA (ChemWell, 2910, Awareness Technology,
Inc., Florida, USA).

Monitoring of Reproductive Parameters

The voluntary waiting period was 55-65 days on
average. The first postpartum (pp) artificial
insemination (Al) was performed by G6G
synchronization protocol (Yilmaz et al. 2011) or
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standing heat observation. When the cows showed
standing heat 18-24 days after Al detected by
observation and/or pedometer activity, the estrous
was confirmed by transrectal ultrasonography (6
MHz, DP 10, Mindray, China) and the cows were re-
inseminated. If the cows did not display standing
heat, the pregnancy status (pregnant or non-pregnant)
was diagnosed by transrectal ultrasonography 33-35
days after Al Single dose or double dose of
prostaglandin Fz , 14 days apart or Ovsynch protocol
were used for the insemination of non-pregnant
cows. All data were daily recorded to the farm
computer system. When the cows reached to the next
delivery, the data were evaluated for the calculation of
the synchronization rate (%), pregnancy rate (%),
service number per pregnancy, calving to pregnancy
interval (day), and calving interval (day).

Statistics

The distribution of normality of data were analysed
by Shapiro-Wilk normality test. The data regarding
the concentrations of blood betahydroxybutyric acid,
non-esterified fatty acid, glucose, service number per
pregnancy, calving to pregnancy interval, and calving
interval were evaluated by ttest, whereas
synchronization rate, pregnancy rate and embryonic
death rate were evaluated by chi-square test (SPSS
26.0, IBM, USA). Statistical significance was set at
p<0.05.

RESULTS

The blood concentrations of BHBA, NEFA and
glucose in the experiment and control groups are
given at Table 2. The concentrations of BHBA in the
experiment group (0.74£0.34 mmol/l) was lower
than those measured in the control group (0.91£0.49
mmol/1) and the difference was statistically significant
(p<0.01). However, the concentrations of NEFA in
the experiment group (0.73£0.39 mmol/l) was
slightly lower than those measured in the control
group (0.87+0.50 mmol/1) but the difference was not
statistically ~ significant  (p>0.05). The glucose
concentrations did not differ between the experiment
(53.73+3.71 mg/dl) and control (53.681+3.77 mg/dl)
groups (p>0.05).

All related reproductive parameters and lactation milk
yield in the experiment and control groups are given
at Table 3. Accordingly, it was seen that the
synchronization rate was lower in the experiment
group (50.90 %) than those detected in the control
group (70.90 %) and the difference was statistically
significant (p<0.05). The pregnancy rate was slightly
higher in the experiment group (75.70 %) than those
measured in the control group (73.30 %) throughout
the study but the difference was not significant
statistically (p>0.05). On the other hand, the service
number per pregnancy was displayed a higher
incidence in the control group (2.21+0.85) as
compared to the experiment (1.68+0.69) group

(p<0.001). Similarly, calving to pregnancy interval was
higher (p<0.05) in the control group (137.27£33.25)
than those measured in the experiment group
(124.22%31.39), whereas calving interval was also
high (P<0.05) in the control group (415.27£33.25) as
compared to the experiment group (402.221+31.39).
Finally, the lactation milk yield in the experiment
group was 32.90%2.99 litres, whereas the control
group had 31.37%3.01 litres lactation milk yield and
the difference was statistically significant (p<<0.05).

DISCUSSION

The data obtained in this study provide evidence that
electrolyte and energy supplementation with vitamin
support can be beneficial for the improvement of
metabolic and fertility parameters. In the present
study, it was demonstrated that serum BHBA
concentrations on four days in milk (DIM) were the
lowest in the experiment group which were treated by
orally given 5 kg fluid-clectrolyte and energy
supplementation dissolved in 20 litres lukewarm
water at postpartum first 3 days. Moreover, a non-
significant drop was also noticed in NEFA
concentrations in the experiment group, whereas the
serum glucose level did not differ on four DIM.
Blood BHBA level is one of the most reliable
parameters for monitoring energy balance and the
incidence of ketosis which is characterized by loss of
appetite, reduced dry matter intake and body
condition loss in transition dairy cows (Grummer
2007; Overton et al. 2017; Lei and Simones 2021).
Animals with serum BHBA level higher than 1.2
mmol/] are considered as hyperketonemic and sub-
clinically ketotic (Iwersen et al. 2009; Konkol et al.
2009). Subclinical ketosis can occur any day in the
first 100 days of lactation (Duffield 2000). However,
the first week of lactation is the most critical period
for the occurrence of hyperketonemia and the
development of subclinical ketosis (McArt et al
2012). This fact was the reason why the fourth day of
lactation was chosen for blood sampling in the
present study. It has been well documented that
during transition period, all dairy cows experience
dramatic changes including in the metabolic,
physiological and/or nutritional status which can be
resulted in a period of negative energy balance, when
the diet do not meet the energy demand (Grummer
2007). Negative energy balance in dairy cattle
resulting from insufficient energy intake immediately
after parturition is considered the most important
problem for dairy cattle nutritionists (Churakov et al.
2021). 'The increasing BHBA and NEFA or
decreasing concentrations of glucose are the expected
results during negative energy balance period in dairy
cows (Grummer 1993; Drackley 1999; McArt et al.
2012). The present study revealed that the experiment
group displayed better energy status with lower
BHBA and NEFA concentrations than the control
group.
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Table 1. Diet Composition

Feedstuffs (DM%) Far off (Dry Period) Close Up (Dry Period) Fresh Period (Lactation)
Corn Silage 26.85 35.43 31.52
Wheat Straw 40.58 15.52 0.00
Alfalfa Hay 11.84 5.58 16.99
Soybean Meal 0.00 5.61 19.39
Sunflower Meal 8.39 7.68 4.11
Corn Steam Flakes 6.72 14.79 18.42
Barley Grain Ground 3.40 7.47 2.66
Rumen Protected Fat! 0.00 292 297
Premix? 0.69 1.47 1.79
Limestone 1.15 0.00 1.19
Salt 0.38 0.34 0.72
Rumen Protected Lysine3 0.00 0.00 0.09
Rumen Protected Methionine* 0.00 0.00 0.15
Magnesium Sulfate 0.00 1.68 0.00
Calcium Chloride 0.00 1.51 0.00
Nutrients

CDMI5 13.53 11.85 16.65
Crude Protein (DM %) 10.15 12.46 18.28
MP¢ (g/day) 1032.3 1101.5 1895.2
NEI (Mcal/day) 14.78 18.89 28.63
NEI (Mcal/kg) 1.13 1.59 1.72
NFC (DM %) 26.12 37.05 39.36
NDF (DM %) 53.55 35.64 27.53
ADF (DM %) 37.15 23.19 17.68
Ether Extract (DM %) 2.23 5.33 5.49
Ca (DM %) 0.76 0.82 0.62
P (DM %) 0.38 0.37 0.38
Lysine (MP %) 245 2.42 6.82
Methionine (MP %) 6.75 6.89 2.51
(NA+K)-(CI-S) 17.72 -41.3 17.15

! Fractionated rumen protected fat (Polimed, Turkiye), Fat 98% (Minimum), Palmitic Acid 85% (Minimum),

Stearic Acid 3,5% (Maximum)

2 Premix composition in 1 kg; 3000000 IU of Vitamin A, 500000 IU of Vitamin D, 9000 mg of Vitamin E,12000 mg of Mn, 5000 mg of Fe,
50000 mg of Zn, 9000 mg of Cu, 400 mg of I, 75 mg of Co, 250 mg of S

3 Lysipear] (Kemin, Belgium)
4 Metipearl (Kemin, Belgium)

5> Calculated Dry Matter Intake (NRC, 2001)
¢ Metabolizable Protein (NRC, 2001).

Table 2. The concentrations of blood betahydroxybutyric acid (BHBA), non-esteritied fatty acid (NEFA) and
glucose in cows in the experiment (n = 70) and the control (n = 75) groups.

Parameters Experiment Control P
(n =70) (n =75)

BHBA  (mmol/]) 0.74£0.34 0.91£0.49 0.003

NEFA  (mmol/]) 0.7310.39 0.8710.50 0.057

Glucose (mg/dl) 53.73%£3.71 53.68%3.77 0.937

Experiment group (n = 70) was treated by orally given 5 kg fluid-electrolyte and energy supplementation dissolved in 20 litres lukewarm
water, whereas control group (n = 75) received only 20 litres of lukewarm water.
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Table 3. Lactation milk yield (I) and reproductive parameters [synchronization rate (%), pregnancy rate (%o), service

number per pregnancy, calving to pregnancy interval (day),

experiment (n = 70) and the control (n = 75) groups.

Parameters Experiment
(n =70)
Synchronization rate (%) 50.90 (27/53)
Pregnancy rate (%) 75.70 (53/70)
Service number per pregnancy 1.68%0.69
Calving to pregnancy interval 124.22+31.39
Calving interval (day) 402.22%+31.39
Lactation milk yield (L) 32.90£2.99

and calving interval (day)] detected in cows in the

Control P
(n =75)
70.90 (39/55) 0.048
73.30 (55/75) 0.849
2.214+0.85 0.000
137.27£33.25 0.038
415.27+33.25 0.038
31.37£3.01 0.003

Experiment group (n = 70) was treated by orally given 5 kg fluid-electrolyte and energy supplementation dissolved in 20 litres lukewarm
water, whereas control group (n = 75) received only 20 litres of lukewarm water.

These findings are in accordance with another study
(Enemark et al. 2009) which reported that oral
administration of electrolytes improved the energy
balance of dairy cows by reducing BHBA and NEFA
concentrations in the first days of lactation. It is
suggested that the replacement of electrolyte status
with the support of orally given glucose throughout
three consecutive days may improve the dry matter
intake and/or controlled the incidence of metabolic
diseases after parturition. It is needed to clarify the
hypothesis that consume the relationship between the
postpartum prophylactic treatment and the metabolic
or reproductive health status. It has been known that
various prophylactic treatments are available in the
veterinary field to minimize NEB and related
postpartum disorders (Studer et al. 1993; Goff and
Horst 1994), consequently maintaining the high
productive performance (Miyoshi et al. 2001). It was
documented that oral administration of electrolytes
with a high amount of water as a prophylactic
treatment in fresh cows improves the metabolic
haemostasis (Stokes and Goff 2001). Accordingly,
MgSO4 helps to increase magnesium concentrations
in blood and to maintain the calcium homeostasis at
calving due to parathormone induced absorption of
dietary calcium (Enemark et al. 2009). On the other
hand, KCL provides daily potassium supply from the
diet is very important in helping to maintain acid-base
balance, water retention, and Mg2+ absorption
(Ammerman and Goodrich 1983). It is known that a
cow approximately lost 60 litres of uterine fluid
(Doreau et al. 1981) and simultaneously plasma
protein due to the colostrum secretion (McLennan
and Willoughby 1973) at calving which may result
electrolyte imbalances in the dam. Moreover, the
filling of the rumen with water may help to avert the
displacement of the abomasum by restricting rumen
movements (Enemark et al. 2009). Therefore, it is
speculated that the administration of postpartum
large amounts of fluid may serve the replacing of
electrolytes which are lost at calving. In accordance
with Enemark et al. (2009), it is suggested that
drenching with electrolyte-supplemented — water

helped to improve energy balance in dairy cows and
ameliorated the metabolic status of the cows.

Lucy et al. (1992) states that a relationship exists
between positive energy status and the diameter of
largest follicle on day 10 postpartum, since the
gonadotropic hormones tend to be increased by the
improving of energy status. In the present study, the
artificial inseminations were more likely to be
performed following by the observation of standing
heat in the experiment group. In another words, the
experiment  group needed significantly  less
synchronization protocols as compared to the control
group. In eatly lactation stage, the delayed resumption
of postpartum cyclicity is associated with severe NEB
which negatively affects the postpartum reproductive
efficiency (Jeong et al. 2015). It has been reported
that adequate levels of blood glucose 60 mg/dl on
average is appropriate for the cow to get pregnant at
first  insemination (Garverick et al.  2013).
Furthermore, it was noted that the animals with more
amount of blood glucose came to heat within 2
months compared to those with lesser blood glucose
(Veena 2015). In the present study, the
concentrations of blood glucose were 53.73+3.71 and
53.68%3.77 in the experiment and the control groups,
respectively. It seems that the concentrations of
glucose are in the reference range (Mair et al. 2010).
Therefore, it is suggested that the lesser proportions
of the synchronized cows might be related not only
the glucose concentrations but also the electrolyte
and vitamin supplementation. It was reported that
there have been differences in the blood
concentrations of certain vitamins in dairy cows at the
different stages of the oestrus cycle (Ataman et al.
2010). Generally, injections of vitamin A, D, E and C
in combinations had no effect on the rate of
conception or pregnancy in cows (Likittrakulwong et
al. 2022). However, it was stated that the injectable
vitamin and trace element combination may improve
some metabolic and fertility parameters such as blood
NEFA and aspartate aminotransferase (ALT)
concentrations and pregnancy rate in dairy cows
(Yazlik et al. 2021). Moreover, it has been reported
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that the mineral supplementation can be used to
improve productivity and reproductive well-being
(Molefe and Mwanza 2020). In addition, it was
reported that under the adequate metabolic
conditions the cows showed shorter calving to
conception interval and lower insemination index
(Colakoglu et al. 2020). Although the pregnancy rate
did not differ between groups in the present study,
the service number, the calving to pregnancy interval
and the calving interval were significantly lesser in the
experiment group. Therefore, it is suggested that both
energy and electrolyte supplementation might be
synergistically beneficial to improve the fertility
parameters.

The present study showed that the lactation milk yield
in the experiment group was significantly higher as
compared to the control group. This finding was not
accordance with other reports (Enemark et al. 2009)
which dextrose supplementation did not exist in the
drenching. However, it was reported that the oral
supplementation of glucose precursors caused a
numeric increase in milk yield (Akhtar et al. 2023),
whereas a significant increase in milk yield was
observed when the cows had clinical or subclinical
ketosis (McArt et al. 2011, Gordon et al. 2013). The
discrepancies above mentioned studies might be due
to the absence of electrolytes and vitamin
supplementation for the prophylactic treatment of the
cows.

In conclusion, the present study revealed that orally
given electrolyte and energy supplementation
dissolved in water at the postpartum three
consecutive days induced the decrement in the blood
BHBA and NEFA concentrations. Consequently, the
decrement in the service number, calving to
pregnancy interval and calving interval might be
observed in the dairy cows. Therefore, it is suggested
that the postpartum short administration of fluid-
electrolyte and energy supplementation can be of
importance for the improvement fertility and
lactation milk yield in the Holstein dairy cows.

Conflict of interest: The authors have no conflicts
of interest to report.

Authors’ Contributions: Cangir Uyarlar and Oktay
Yilmaz contributed to the project idea, design and
execution of the study. Cangir Uyarlar and Oktay
Yilmaz contributed to the acquisition of and analysed
the data, drafted, wrote and reviewed the manuscript
critically. All authors have read and approved the
finalized manuscript.

Ethical approval: All animal-related procedures were
approved by the local ethic committee (approval
AKUHADYEK 49533702/24).

Acknowledgement: There is no conflict of interest.

REFERENCES

Akhtar, M. U., Hifzultahman, Pasha, T. N., Avais, M.,
Khan, N., Chishti, G. A., Ali, M., Imran, M.,
Tahir, M. N., & Naveed-Ul-Haque, M. (2023).
Effects of  peripartal  glucose  precursor
supplementation on lactation performance and
metabolic health of primiparous and multiparous
dairy cows. Animal Bioscience, 36(6), 869-878.

Ammerman., C. B., & Goodrich, R. D. (1983).
Advances in mineral nutrition in ruminants. Journal
of Animal Sciences, 57 (Suppl 2), 519-533.

Ataman, M. B., Erdem, H., Biilbiil, B., Haliloglu, S.,
Cinar, M., & Aké6z, M. (2010). Plasma B-carotene,
vitamin A and vitamin C levels in cyclic and
pregnant cows. Kafkas Universitesi Veteriner
Fakiltesi Dergisi, 16(4), 579-584.

Churakov, M., Karlsson, J., Rasmussen, A. E., &
Holtenius, K. (2021). Milk fatty acids as indicators
of negative energy balance of dairy cows in early
lactation. Animal, 15(7), 100253.

Collard, B. L., Boettcher, P. J., Dekkers, J. C. M.,
Petitclerc, D., & Schaeffer, L. R. (2000).
Relationships between energy balance and health
traits of dairy cattle in early lactation. Journal of
Dairy Science, 83, 2683-2690.

Colakoglu, H., Yazlik, M., Kaya, U., Kurt, S,
Bayramoglu, R., Vural, R., & Kuplulu, S.
(2020). Relationship between body condition score,
blood metabolites and oxidative stress in transition
period and reproductive performance of dairy cows.
Journal of the Hellenic Veterinary Medical Society,
71(1), 2041-2046.

Dohoo, I. R., & Martin, S. W. (1984). Subclinical ketosis:
Prevalence and associations with production and
disease. Canadian Journal of Comparative Medicine,
48,1-5.

Doreau, M., Journet, M., Marquis, B., Ollier, A.,
Flechet, J., LeFaivre, R. & Sornet, R. (1981).
Variations de la digestibilit¢ de la ration et de
quelques paramétres sanguint chez la vache laitiére
a proximité do vélage. Bulletine Technique du
CRZV Theix, INRA, 44, 17-22.

Drackley, J. K., Veenhuizen, J. J., Richard, M. J., &
Young, J. W. (1991). Metabolic changes in blood
and liver of dairy cows during either feed restriction
or administration of 1, 3-butanediol. Journal of
Dairy Science, 74(12), 4254-4264.

Drackley, J. K. (1999). ADSA Foundation Scholar Award:
Biology of dairy cows during the transition period:
The final frontier? Journal of Dairy Science, 82,
2259-2273.

Duffield, T. (2000). Subclinical ketosis in lactating dairy
cattle. Veterinary Clinics of North America, Food
Animal Practice, 16(2), 231-253.

Enemark, J. M. D., Schimidt, H. B., Jcobsen, J., &
Enevoldsen, C. (2009). Failure to improve energy
balance or dehydration by drenching transition
cows with water and electrolytes at calving.
Veterinary Research Communications, 33, 123-137.

Goff, J.P., & Horst, R.L. (1994). Calcium salts for
treating hypocalcemia: Carrier effects, acid-base
balance, and oral versus rectal administration.
Journal of Dairy Science, 77, 1451-1456.

73



Gordon, J. L., LeBlanc, S. J., & Duffield, T. F. (2013).
Ketosis  treatment in lactating dairy cattle.
Veterinary Clinics of North America: Food Animal
Practice, 29, 433-445.

Grummer, R. R. (1995). Impact of changes in organic
nutrient metabolism on feeding the transition cow.
Journal of Animal Science, 73, 2820-2833.

Grummer, R. R. (2007). Strategies to improve fertility of
high yielding dairy farms: management of the dry
period. Theriogenology, 68, S281-5288.

Garverick, H. A., Harris, M. N., Vogel-Bluel, R,,
Sampson, J. D., Bader, J., Lamberson, W. R.,
Spain, J. N., Lucy, M. C., & Youngquist, R. S.
(2013). Concentrations of nonesterified fatty acids
and glucose in blood of periparturient dairy cows
are indicative of pregnancy success at first
insemination. Journal of Dairy Science, 96(1), 181—
188.

Herdt, T. H. (2000). Ruminant adaptation to negative
energy balance. Influences on the etiology of
ketosis and fatty liver. Veterinary Clinics of North
America: Food Animal Practice, 16, 215-230.

Iwersen, M., Falkenberg, U., Voigtsberger, R.,
Forderung, D., & Heuwieser, W. (2009).
Evaluation of an electronic cowside test to detect
subclinical ketosis in dairy cows. Journal of Dairy
Science, 92, 2618-2624.

Jeong, J. K., Choi, I. S., Kang, H. G., Hur, T. Y., Jung,
Y. H., & Kim, I. H. (2015) Relationship between
serum metabolites, body condition, periand post-
partum health and tresumption of post-partum
cyclicity in dairy cows. Livestock Science, 181, 31—
37.

Konkol, K., Godden, S., Rapnicki, P., & Overton, M.
(2009). Validation of a rapid cow-side test for the
measurement of blood beta hydroxybutyrate in
fresh cows. In Proceedings 42nd Annual
Conference of the American Association of Bovine
Practitioners, Omaha, NE. VM Publishing Co.,
Stillwater, OK , p 190.

Lei, M. A. C,, & Simdes, J. (2021). Invited review:
ketosis diagnosis and monitoring in high-producing
dairy cows. Dairy, 2(2), 303-325.

Lucy, M. C,, Staples, L. M. & Thatcher, W. W. (1992).
Energy balance and size of and number of ovarian
follicles detected by ultrasonography in early
postpartum dairy cows. Journal of Dairy Science,
74, 473-482.

Mair, B., Drillich M., Klein-Jobstl D. Kanz, P.,
Borchardt, S., Meyer, L., Schwendenwein, I., &
Iwersen, M. (2016). Glucose concentration in
capillary blood of dairy cows obtained by a
minimally invasive lancet technique and determined
with three different hand-held devices, BMC
Veterinary Research, 12, 34.

McArt, J. A. A., Nydam, D. V., & Oetzel, G. R. (2012).
Epidemiology of subclinical ketosis in eatly
lactation dairy cattle. Journal of Dairy Science,
95(9), 5056-5066.

McArt, J. A. A, Nydam, D. V., Ospina, P. A, &
Oetzel, G. R. (2011). A field trial on the effect of
propylene glycol on milk yield and resolution of
ketosis in fresh cows diagnosed with subclinical
ketosis. Journal of Dairy Science, 94, 6011-6020.

McLennan, M. W., & Willoughby, R. A. (1973).
Observations of serum protein values of cows

during oestrus, lactation, parturition and milk fever
Canadian. The Veterinary Journal, 14, 233-242.

Miyoshi, S., Pate J. L., & Palmquist, D. L. (2001).
Effect of propylene glycol drenching on energy
balance, plasma glucose, plasma insulin, ovarian
function and conception in dairy cows. Animal
Reproduction Science, 68, 29-43.

Molefe, K., & Mwanza, M. (2020). Effects of mineral
supplementation on reproductive performance of
pregnant  cross-breed Bonsmara cows: An
experimental  study. Reproduction Domestic
Animals, 55, 301-308.

National Research  Council (2001).  Nutrient
requirements of dairy cattle. National Academies
Press.

Oetzel, G. R. (2007). Herd-level ketosis—diagnosis and
risk factors. In Preconference seminar 7C. Dairy
Herd Problem Investigation Strategies: Transition
Cow Troubleshooting, American association of
bovine practitioners 40th Annual Conference, pp.
67-91, September 19, Vancouver, BC, Canada.

Ospina, P. A., Nydam, D. V., Stokol, T., & Overton,
T. R. (2010). Association between the proportion
of sampled transition cows with increased
nonesterified fatty acids and beta-hydroxybutyrate
and disease incidence, pregnancy rate, and milk
production at the herd level. Journal of Dairy
Science, 93(8), 3595-3601.

Ospina, P. A., Nydam, D. V., Stokol, T., & Overton,
T. R. (2010). Associations of elevated nonesterified
fatty acids and beta-hydroxybutyrate concentrations
with early lactation reproductive performance and
milk production in transition dairy cattle in the
northeastern United States. Journal of Dairy
Science, 93(4), 1596-1603.

Overton, T. R., McArt, J. A. A,, & Nydam, D. V.
(2017). A 100-Year Review: Metabolic health
indicators and management of dairy cattle. Journal
of Dairy Science 100(12), 10398-10417.

Overton, T. R., & Waldron, M. R. (2004). Nutritional
management of transition dairy cows: strategies to
optimize metabolic health. Journal of Dairy Science,
87, E105-E119.

Reist, M., Erdin, D. K., von Euw, D., Tschiimperlin,
K. M,, Leuenberger, H., Hammon, H. M., &
Blum, J. W. (2003). Postpartum reproductive
function: association with energy, metabolic and
endocrine status in high yielding dairy cows.
Theriogenology, 59(8), 1707-1723.

Rutherford, A. J. Oikonomou, G., & Smith, R. F.
(2016). The effect of subclinical ketosis on activity
at estrus and reproductive performance in dairy
cattle. Journal of Dairy Science, 99(6), 4808-4815.

Staples, C. R., Thatcher, W. W. & Clark, J. H. (1990).
Relationship between ovarian activity and energy
status during the early postpartum period of high
producing dairy cows. Journal of Dairy Science,
73(4), 938-947.

Stokes, S. R., & Goff, J. P. (2001). Evaluation of calcium
propionate and propylene glycol administered into
the esophagus of dairy cattle at calving. The
Professional Animal Scientist, 17(2), 115-122.

Studer, V.A., Grummer, R. R., Bertics, S. J.,, &
Reynolds, C. K. (1993). Effect of propylene glycol
administration on periparturient fatty liver in dairy
cows. Journal of Dairy Science, 76, 2931-2939.

74



Uyarlar, C., Cetingiil, S., Gultepe, E. E., Sial, A. R., &
Bayram, I. (2018). Effects of subclinical and
clinical ketosis on the incidence of mastitis, metritis,
culling rate and some hematological parameters in
dairy cows. Kocatepe Veterinary Journal, 11(2),
186-193.

Veena M. P., Gowrakkal, M., Kumar, V. G., Gupta, P.,
& Swamy, M. N. (2015). Relation of vatious
physiological blood parameters with the postpartum
reproductive efficiency in cattle.  International
Journal of Biomedical Research, 6(10), 780-785.

Likittrakulwong, W., Poolprasert, P., Hanthongkul,
W., & Roytrakul, S. (2022). Effects of
Intramuscular Injections of Vitamins AD3E and C
in Combination on Fertility, Immunity, and
Proteomic and Transcriptomic Analyses of Dairy
Cows during FEarly Gestation. Biotech (Basel),
11(2), 20.

Yazlik, M., Vural, M. R., Kiplali, $., & Pekcan, M.
(2021). Effect of injectable vitamin and trace
element administrations duting transition period on
fertility in brown Swiss dairy cows. Kocatepe
Veterinary Journal, 14(1), 113-122.

Yilmaz, C., Yilmaz, O., & Ucar, M. (2011). Effect of
PGF2x and GnRH injections applied before
ovsynch on pregnancy rates in cows and heifers.
Kafkas Universitesi Veteriner Fakiiltesi Dergisi,
17(4), 641-644.

75



Kocatepe Veterinary Journal

Kocatepe Vet J. (2024) 17(1):76
DOI: 10.30607 /kvy.1423417

LETTER TO EDITOR

Experimental Animal Research in Vaccine Studies during the Pandemic Process
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The pandemic that emerged in Wuhan, China, in 2019, once again revealed the role of basic sciences and
experimental animal research in the world. This situation, also called COVID-19, has spread rapidly all over the
world in a short period of 3 months. It has been revealed that vaccination is more important than treatment in
reducing mass deaths during the fight against the pandemic. The fact that RNA viruses constantly change their
genetic properties was also a major challenge in finding an effective vaccine. However, increasing progress in
basic sciences (especially mRNA technology) and the use of humanized mice have contributed greatly to reducing
mass deaths. The fact that the Sars-Cov-2 virus does not cause infection in conventional mice and that it can
create an infection model in mutant mice to which human lung epithelial genes are transferred has given great
impetus to vaccine and new drug treatment studies. The first vaccine model was developed using these mice in
vaccine studies. Neatly 176 vaccine types have been developed in the Covid-19 pandemic. These vaccines; viron
vaccines are nucleic acid-based (mRNA), viral vector and protein-based vaccines. The mutant mice used in the
first step of these vaccines created the disease model almost perfectly and ensured that the results in the target
species (Human) progressed with fewer errors. Since the disease occurs in mice carrying human lung epithelium
very close to the target species, they have played a major role in testing the protective effects of vaccines. The
vaccines prepared towards the end of 2020 were made ready for use. Vaccine production has been carried out at
an almost record speed in pandemics in world history. Although vaccines may have different effects and
protection levels, the role of vaccines in the pandemic is undeniable. More than 2.5 billion doses of COVID-19
vaccines have been administered worldwide, and approximately 35 million doses continue to be administered
every day. Experimental animal research, genetic research and gene transfer that started in the 1970s were used to
obtain vaccines that were prepared in a short time and made available to humanity. technologies and mutant
mouse technology play a huge role. Although the pandemic process is still not over, it is expected to ease and
continue to have effects similar to seasonal flu. In this process, humanity has gained important experience in
acting together and rapid vaccine development. The use of experimental animals is of great importance in these
processes.
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ABSTRACT

Glochidia are the larva stage of bivalve mollusks (Lamellibranchiata). These temporary obligate parasites are
apparent on the fins and gills and rarely on the surface of fish in spring, summer, and autumn. In spring 2018, a
flowerhorn (cichlid) with spots appearing body and gills and white small mobile organisms on the floor of an
aquarium were referred to the parasitology laboratory in the School of Veterinary Medicine, Science and Research
Unit, Tehran Islamic Azad University. The organisms were sampled and clear in Potas 10% fixed by Glycerin
gelatin and examined with a light microscope; the samples were diagnosed as Glochidia.

Keywords: Bivalve, Flowerhorn, Glochidia

*kkk

Iran'dan Akvaryum Baliklarinda (Flowerhorn) Glochidia (Mollusca: Lamellibranchiata) Istilasinin i1k
Raporu

oz

Glochidia, Lamellibranchiata sinifina ait ¢ift kabuklu yumusakecalarin larva evresini temsil eder. Bu gegici zorunlu
parazitler, ilkbahar, yaz ve sonbaharda baliklarin yiizgeclerinde ve solungaglarinda ve nadiren de yiizeyinde
gorilir. 2018 yili ilkbaharinda, bir ¢igek boynuzlu (ciklet) akvaryumun icinde viicut ve solungaclarda lekelerle
birlikte akvaryum tabaninda beyaz, kiiciik ve hareketli organizmalarin gbriinmesi tizerine, bu durum Veteriner
Fakiiltesi, Bilim ve Arastirma Birimi, Tahran Islam Azad Universitesi parazitoloji laboratuvarina yonlendirildi.
Organizmalardan 6rnek alindi ve Potas 10%'de sabitlendi, Gliserin jel ile temizlendi ve 1stk mikroskobu ile
incelendi; 6rnekler Glochidia olarak tanimlandi.
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INTRODUCTION

The flowerhorn cichlids are ornamental aquarium fish
noted for their transparent colors, and glochidium
(plural Glochidia) is a larval stage of some freshwater
mussels, which are teleased from female mussels
(Neves et al., 1985). These aquatic bivalve mollusks
belong to the Uniondale family (Brodniewicz, 1968)
and have calcareous bivalve shells, often with little
hooks on their inner edge (Paperna, 1990).
Freshwater bivalve mollusks exhibit diverse life cycle
adaptations for parasitizing obligate hosts. The
parasitic larval stage, referred to as Gluchidia, is a
crucial aspect of the life cycle of main freshwater
mussels. Glochidia have the ability to temporarily
attach to the outer surface of suitable hosts,
commonly fish, and certain amphibians. This unique
strategy serves a dual purpose, providing both
nutrition and a means of dispersal for the parasite
larvae. (Nikishchenko et al., 2022).

These larvae attach to the fish, utilizing structures like
hooks, often targeting the gills or fins of the host fish.
This attachment initiates a proliferative reaction in the
surrounding area where they are attached (Sereflisan,
2021; Sereflisan, 2018; Arey, 1921; Paperna 1996 ).
Glochidia encyst in the gill epithelium and undergo
growth before eventually dropping off within a span
of 10-30 days. The infestation caused by Glochidia is
termed Glochidiosis (Gustafson and Iwamoto, 2005).
Glochidia can bear a resemblance to trematode
metacercarial cysts, and in instances of heavy
infestation, they can rarely lead to mortality (Nedeau
et al., 2005).

There is a need for more consensus regarding the
pathogenic impact of Glochidia on fish. While some

researchers argue that the parasitic larval phase does
not hinder recruitment and, therefore, does not
substantially  affect maintaining the  mussel
population, high concentrations of Glochidia are often
associated with decreased swimming ability and
higher mortality rates in hosts. Additionally, the
relationship is classified as parasitic due to the
nutrient transfer from the fish to the mussel (Ieshko
et al., 2010).

CASE HISTORY

The case belongs to an aquarium fish enthusiast and
owner of a pet shop who referred a case (flowerhorn)
to the parasitology laboratory at the Faculty of
Veterinary Medicine, Science, and Research Unit,
Tehran Islamic Azad University, in spring 2018, upon
observing anomalies on the fish such as spots
appearing on body and gills and also white small
mobile organisms on the floor of an aquarium. As the
fish were alive and economically valuable, a necropsy
was not feasible. Therefore, a sample was taken from
the aquarium base layer for clinical diagnosis. Sample
clear in Potas 10% fixed by Glycerin gelatin and
examined with a light microscope, revealed the
presence of Glochidia larvae (Klunzinger et al.,, 2013),
and based on clinical observations, Glochidia
infestation was diagnosed on the fish. No specific
drug treatment was administered to the case (Smith,
2019). The recommendation included changing the
aquarium substrate and water. After one month of
follow-up, clinical signs of Glochidia infestation were
no longer observed, and the fish was successfully sold
by the pet shop.

Figure 1: A- Flowerhorn aquarium fish with spots on the body, infested by Glochidia. B-Glochidia larvae were sampled from the base layer of

the aquarium.
DISCUSSION

The flowerhorn fish, belonging to the Cichlid family,
are man-made hybrids that do not exist in nature.
They are popular ornamental fish, particulatly in
Southeast Asia and Iran, and are commonly kept in
aquariums (Rahmati-Holasoo and Shokrpoor, 2014).

Glochidia infestation is a common occurrence in
freshwater fish wotldwide and can be found in
various aquatic environments such as rivers, lakes,
mud-bottomed pools, and ponds (Lee and Mora,
2005; Parasites Paperna, 1996).
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Cases of Glochidiosis have been reported in various
regions, including Poland and North America (Zieritz
et al., 2012). They have developed an identification
key for North and Central European Unionid
mussels, contributing to understanding and
recognizing these parasites in different geographic
areas. (Brodniewicz, 1968; Gustafson and Iwamoto,
2005; Zieritz et al., 2012). Due to the ongoing debate
and lack of consensus regarding the pathogenic
impact of Glochidial infection on fish, it is noteworthy
that some researchers have reported mortalities
among certain fish strains that were experimentally
infested with Glochidia (Ieshko et al., 2016). Research
indicates that elevated rates of Glochidia infection can
enhance swimming performance and mortality in
brown trout, potentially resulting in reduced
performance in heavily infested fish in their natural
environment. Conversely, some studies reported no
mortalities or growth retardation in Glochidia infected
trout. Comparable outcomes were observed in the
experimental infestation of Atlantic salmon parr.
These divergent findings underscore the intricate
natutre of interactions between Glochidia and different
fish species. The observed discrepancies in the impact
of Glochidia infection on fish may be attributed to the
existence of diverse host fish strains or variations in
environmental conditions, such as temperature
(Ieshko et al., 2016; Taeubert and Geist, 2013).
Glochidiosis has been documented in both wild and
farmed salmonids in locations such as the Scotland
River and Virginia (Hastie and Young, 2001; Neves
and Widlak, 1988). According to available references,
there are no reports of Glochidiosis in ornamental
fish. This could be attributed to the fact that these
organisms, in their adult phase, resemble stones and
do not move extensively (Nedeau et al., 2005). So, it
can probably be transmitted by stones that have been
brought from these sources for aquariums. This is the
first report of Glochidiosis of flowerhorn in Iran.

CONCLUSION

In conclusion, most reports on Glochidiosis are
related to freeliving fishes, particularly in the
Salmonidae family. The probability of infestation in
aquarium fishes is very low. However, it is crucial to
emphasize the importance of maintaining aquarium
hygiene and being cautious about transferring objects
from the natural environment to the aquarium.

Conflict of Interest: The authors declared there is
no conflict of interest.

Author Contribution Rates: Both authors
contributed equally to all aspects of the research.

Ethics Committee Information: The current study
does not require ethics approval.

REFERENCES

Arey, L. B. (1921). An experimental study on glchidia and the
factors  underlying  encystment.  Journal  of
Experimental Zoology, 33(2), 462-499.
https://doi.org/10.1002/jez.1400330209

Brodniewicz, I. (1968). On glchidia of the genera Unio and
Anodonta from the Quaternary fresh-water sediments
of Poland. Acta Palacontologica Polonica, 13(4), 619-
628.

Gustafson, R. G., & Iwamoto, E. M. (2005). A DNA-based
Identification Key to Pacific Northwest Mussel
Glochidia:  Importance to Salmonid and Mussel
Conservation. Northwest Science, 79(4), 233.

Hastie, L. C., & Young, M. R. (2001). Freshwater pear] mussel
(Margaritifera - margaritifera) ~ glochidiosis in wild and
farmed salmonid stocks in Scotland. Hydrobiologia,
445, 109-119.
https://doi.org/10.1023/A:1017588222480

Ieshko, E., Geist, J., Murzina, S., Veselov, A., Lebedeva, D.,
& Ziuganov, V. (2016). The characteristics of the
infection of juvenile Atlantic salmon with glchidia of
the freshwater pearl mussel in rivers of Northwest
Russia. Knowledge and Management of Aquatic
Ecosystems(417), 6.
http://dx.doi.org/10.1051/kmae/2015039

Klunzinger, M. W., Thomson, G. J., Beatty, S. J., Morgan, D.
L., & Lymbery, A. J. (2013). Morphological and
morphometrical description of the glochidia of
Westralunio carteti Iredale, 1934 (Bivalvia: Unionoida:
Hyriidae). Molluscan  Research, 33(2), 104-109.
https://doi.org/10.1080/13235818.2013.782791

Lee, H. H., & Mora, D. A. (2005). Survival of glochidia of
freshwater mussels, Pyganodon grandis (Mollusca:
Unionidae), in vitro in the United States. World
aquaculture, 36 (4), 56-61.

Nedeau, E. J., Smith, A. K., & Stone, J. (2005). Freshwater
mussels of the Pacific Northwest. US Fish and Wildlife
Service.

Neves, R. J., Weaver, L. R., & Zale, A. V. (1985). An
evaluation of host fish suitability for glochidia of
Villosa vanuxemi and V. nebulosa (Pelecypoda:
Unionidae). American Midland Naturalist,113(1), 13-
19. https://doi.org/10.2307/2425343

Neves, R. J., & Widlak, J. C. (1988). Occurrence of glochidia in
stream drift and on fishes of the upper North Fork
Holston  River, Virginia.  American  Midland
Naturalist,119(1), 111-120.
https://doi.org/10.2307 /2426059

Nikishchenko, V. E., Sayenko, E. M., & Dyachuk, V. A.
(2022). First immunodetection of sensory and nervous
systems of parasitic larvae (glochidia) of freshwater
bivalve Nodularia douglasiae. Frontiers in Physiology,
13, 624. https://doi.org/10.3389/fphys.2022.879540

Paperna, I. (1996). Parasites infections and diseases of fishes in
Africa: an update (No. 31). Food and Agriculture
Organization of the United Nations (FAO).

Rahmati-Holasoo, H., & Shokrpoor, S. (2014). Unilateral
testicular hypoplasia in flowerhorn fish (hybrid cichlid).
Bulletin of the FEuropean Association of Fish
Pathologists, 35(1), 21-25.

79


https://doi.org/10.1002/jez.1400330209
https://doi.org/10.1023/A:1017588222480
http://dx.doi.org/10.1051/kmae/2015039
https://doi.org/10.1080/13235818.2013.782791
https://doi.org/10.2307/2425343
https://doi.org/10.2307/2426059
https://doi.org/10.3389/fphys.2022.879540

Smith, S. A. (2019). Fish Diseases and Medicine. Taylor and
Francis Group.

Sereflisan, H. (2018). Determination of Host Fish Suitability for
Unio terminalis delicatus (Bivalvia: Unionidae) From
Golbast Lake in Turkey. Journal of Advances in VetBio
Science and Techniques, 3(3), 15-22.
https://doi.org/10.31797 /vetbio.423361

Sereflisan, H. (2021). Host Selection of Potomida semirugata
(Unionidae: Bivalvia) in Reproduction Strategy. Aquatic
Sciences  and  Engineering,  36(3),  109-115.
https://doi.org/10.26650/ ASE2021744926

Taeubert, J.-E., & Geist, J. (2013). Critical swimming speed of
brown trout (Salmo trutta) infested with freshwater
pearl mussel (Margaritifera margaritifera)  glochidia and
implications for artificial breeding of an endangered
mussel species. Parasitology Research, 112, 1607-1613.
https://doi.org/10.1007/s00436-013-3314-6

Zieritz, A., Gum, B., Kuehn, R., & Geist, J. (2012). Identifying
freshwater mussels (Unionoida) and parasitic glchidia
larvae from host fish gills: a molecular key to the North
and Central European species. Ecology and Evolution,
2(4), 740-750. https://doi.org/10.1002/ece3.220

80


https://doi.org/10.31797/vetbio.423361
https://doi.org/10.26650/ASE2021744926
https://doi.org/10.1007/s00436-013-3314-6

