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Abstract: The aim of this experiment was to investigate the effect of dietary supplementation of fly maggot antimicrobial peptides on immune
biochemical indicators, the effect of immune organ index, small intestinal bacteria and small intestinal mucosal cell count in yellow-feathered
broilers. Three hundred clinically healthy 1-day-old yellow-feathered broilers were randomly divided into 3 treatment groups, 10 replicates
in each group and 10 broilers in each replicate. The groups were called hereafter as basal diet group (control group), basal diet + 100 mg/kg
fly maggot antimicrobial peptide (AMPs) group, basal diet + 15% bacitracin zinc group. The test period was 42 d. The results showed that the
contents of albumin, IgG and IgM in the antimicrobial peptide group were significantly higher than those in the control group (P<0.05). The
spleen index and thymus index in the AMPs group were higher than those in the control group and the bacitracin zinc group (P<0.05). The
number of E. coli in each segment of the small intestine of broilers in the control group was significantly higher than that in the AMPs group
and the bacitracin zinc group (P<0.05). The number of goblet cells in each segment of the small intestine of broilers in the bacitracin zinc group
was higher than that in the AMPs group, but there was no significant difference (P>0.05). In conclusion, these findings that revealed maggot
antimicrobial peptides as dietary supplementation can improve the immunity of the yellow-feathered broilers.

Keywords: Broilers, Immune system organ index, Immunobiochemical parameters, Intestinal bacteria, Maggot antimicrobial peptide

Sinek Larvalarindan Elde Edilen Antimikrobiyal Peptidlerin Sar1 Tiiylii
Piliclerin Bagigiklig1 Uzerine Etkisi

Oz: Bu calismanin amaci, sinek larvalarindan elde edilen antimikrobiyal peptitlerinin sar1 titylii piliglerin diyetine takviyesinin bagisiklik
biyokimyasal gostergeleri, bagisiklik organ indeksi, ince bagirsak bakterileri ve ince bagirsak mukozal hiicre saysi iizerine etkisini aragtirmakti.
Klinik olarak saglikli 300 adet 1 giinliik sar1 tiiylii civciv;, her grupta 10 hayvan ve her grubun 10 tekrar1 olmak {izere rastgele 3 grubua ayrildi.
Gruplar boylelikle, bazal diyet grubu (kontrol grubu), bazal diyet + 100 mg/kg sinek larvasi antimikrobiyal peptid (AMP) grubu ve bazal
diyet + %15 basitrasin ¢inko grubu olarak adlandirildi. Deney siiresi 42 giin olarak gerceklestirildi. Sonuglar, AMP grubunun albiimin, IgG ve
IgM seviyesinin kontrol grubuna oranla 6nemli 6lgiide yiiksek oldugunu gosterdi (P<0.05). AMP grubunun dalak ve timus indeksi, kontrol
ve basitrasin ¢inko grubundan daha yiiksekti (P<0.05). Kontrol grubuna ait piliclerin ince bagirsak kisimlarindaki E. coli sayisi, AMP ve
basitrasin ¢inko grubundan 6nemli 6l¢tide daha yiiksekti (P<0.05). Basitrasin ¢inko grubuna ait piliglerin ince bagirsaginin kisimlarindaki
goblet hiicrelerinin sayist AMP grubundan daha fazlayds, ancak anlamli bir fark yoktu (P>0.05). Sonug olarak, diyet takviyesi olarak kullanilan
larval antimikrobiyal peptitlerin ortaya ¢ikaran bu etkinlikleri, sar1 titylii piliglerde bagisiklig giiglendirebilir.

Anahtar sdzciikler: Pili¢, Immiin sistem organ indeksi, Immiinobiyokimyasal parametreler, Bagirsak bakterileri, Larval antimikrobiyal peptit

INTRODUCTION seriously threaten human health. Therefore, a green, safe

and pollution-free antibiotic alternative is eagerly sought.
In the poultry breeding industry, the massive use of During the last years, host antimicrobial peptides have
antibiotics will cause increased drug resistance of strains, been recognized as key mediators of the innate immune
and drug residues appear in by-products such as eggs, which  response in many vertebrate species, providing the first line
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of defense against potential pathogens "?. Antimicrobial
peptides (AMPs) are important small peptides of the
innate immune system of the body, which are widely
present in organisms in nature and can effectively improve
the performance of livestock and poultry and enhance
immunity ), and they have a very broad application
prospect as a new antibiotic alternative. Currently, there
are 2961 antimicrobial peptides in the Antimicrobial
Peptide Database (APD), of which as many as 40 fly
antimicrobial peptides have been isolated. Antimicrobial
peptides from fly maggots have the advantages of high
antibacterial activity, wide antibacterial spectrum, and
green safety without residues [*”). We also show that the
CATH peptides 1,2, 3 and their amide-modified structures
possess potent antimicrobial activities against both Gram-
positive and Gram-negative pathogens, with these bacteria
being affected to different extents ®. The presence of the
antimicrobial peptides in a broad range of tissues and
their largely enhanced expression during development is
suggestive of their potentially important role in early host
defense and disease resistance of chickens. Nowadays, fly
maggot antimicrobial peptides have been widely used in
poultry disease treatment and aquatic research, but they
have not been found to be used as feed additives in broiler
humoral immunity and intestinal health .

Therefore, this experiment intends to add fly maggot anti-
microbial peptide into the diet of yellow-feathered broilers,
study its effects on immune biochemical parameters,
immune organ index, small intestinal bacteria and small
intestinal mucosal cell count in broilers, determine its
appropriate amount in the diet, and finally lay a theoretical
foundation for the application of fly maggot antimicrobial
peptide replacement antibiotics in the poultry breeding
industry.

MATERIAL AND METHODS
Ethical Statement

The study was approved by the Animal Experimentation
Ethics Committee of the School of Animal Science and
Technology, Shihezi University. All chickens were kept
experimentally and euthanized in strict accordance with
the guidelines of the committee. During the test, all efforts
were made to minimize the suffering of the animals.

Animals, Experimental Design and Feed

In this study, 300 yellow-feathered broilers with similar
healthy body weight were randomly divided into 3 treatment
groups, 10 replicates in each group, 10 broilers in each
group, which were called hereafter as basal diet group
(control group), basal diet + 100 mg/kg fly maggot anti-
microbial peptides group (AMPs), and basal diet + 15%
bacitracin zinc group. Corn-soybean meal diet was used in
the experiment, and the basal diet was prepared according

to The National Research Council (NRC) (1994) broiler
nutritional standard, and its composition and nutritional
level were listed in Table 1. All tests were performed in
the same chicken house, and the house temperature was
monitored thermostatically throughout the study. The
temperature, which was 32-35°C on the first day, was
lowered and maintained gradually at 22°C for the last two
weeks. The artificial light program was implemented in
accordance with commercial conditions (23 h of lighting
throughout the experiment per day). The chickens had
free access to food and water. Other immunization
and disinfection measures were performed in strict
accordance with the farm procedures, and the test period
was 42 days. The basal diet used in this experiment was
purchased from Xinjiang Tiankang Feed Technology Co.,
Ltd. (China). Antimicrobial peptides used in the study
were supplied from a commercial company (Guangzhou
Yingbao Biotechnology Co., Ltd., China). 15% bacitracin
zinc premix was purchased from Lukang Biotechnology
Co., Ltd. (China).

Immune Biochemical Indicators

At the end of the experiment, blood samples were taken
from the wing vein of the animals to the vacuum blood
collection tube, allowed to stand for 24 h, and then
centrifuged at 3000 rpm/min for 30 min to collect serum

Table 1. Dietary levels at different stages in each experimental nutrient group

Items Content, %
Ingredients

Corn 62.85
Soymeal bean 31.50
Soyoil bean 1.30
Limestone 1.50
CaHPO, 1.50
NaCl 0.35
Met 0.08
Premix 0.92
Total 100
Nutrient levels

ME/(MJ/Kg) 12.08
CP 19.00
Ca 0.95
AP 0.41
Lys 0.923
Met 0.393

The premix provided the following per kg of diet (without antibiotics): Cu:
5 mg, Fe: 75 mg, Mn: 56 mg, I: 0.35 mg, Se: 0.14 mg, Zn: 38 mg, Vit. A:
1420 IU, Vit D: 190 1U, Vit. E: 9.5 IU, Vit. K: 0.38 mg, Riboflavin: 3.4 mg,
Pantothenic acid: 9.4 mg, Nicotinic acid: 26 mg, Vit. Bi>: 0.009 mg, Choline:
1225 mg, Biotin: 0.14 mg, Folic acid: 0.52 mg, Thioflavin: 1.0 mg, Pyridoxic
acid: 2.8 mg
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for determination of total protein and albumin. Total
protein and albumin contents were determined using
commercial kits (Nanjing Jiancheng Technology Co., Ltd.,
China). After the chickens were euthanized, the livers
were separated, washed with normal saline, 2 g of the
analytical balance was weighed, cut with scissors, placed
into a beaker to add 10 mL of normal saline, placed into a
homogenization mechanism to prepare the homogenate,
centrifuged at 2500 r/min for 10 min, and the supernatant
was taken and stored at —20°C for the determination of
serum immunoglobulin, thatis, IgG, IgM, and IgA contents
using ELISA kits (Shanghai Yanchun Biotechnology Co.,
Ltd., China).

Immune Organ Index

On the 42" day of the feeding, the yellow-feathered broilers
were weighed and slaughtered. The thymus, spleen, and
bursa of Fabricius of the animals were harvested, and the
adipose tissue on each organ was removed. Surface water
was cleaned with filter paper, and each immune organ was
weighed and calculated as follows.

Immune Organ Index = Immune Organ Weight/Pre-Slaughter Live
Weight

Number of Intestinal Bacteria

After the euthanasia, 1 g of duodenal, jejunal and ileal
contents was quickly collected into a microcentrifuge tube
and suspended with physiological saline to obtain a 1 x
107 sub-dilution. According to the dilution selected for
the preliminary experiment, 40 pL of the sub-dilution was
inoculated onto the Eosin Methylene Blue (EMB) and
Salmonella Shigella (SS) medium for Escherichia coli and
Salmonella spp. culture, respectively. For the cultivation
of the Lactobacillus spp., the sub-dilution was inoculated
onto the Man-Rogosa-Sharpe (MRS) agar plates and
incubated at microaerophilic conditions at 37°C for 48 h.

Small Intestinal Mucosal Cell Count

The left and right intestinal tissues of the 5 cm group were
respectively taken from the duodenum, jejunum and ileum,
which were soaked and fixed in 4% paraformaldehyde.
The fixed samples were dehydrated with 70%, 85%, 95%,

100% and 100% ethanol, respectively. The samples were
cleared with xylene and embedded with an embedding
machine after wax transmission. The samples were
sectioned with a microtome and stained with hematoxylin
and eosin. Five sections were randomly selected, and
images were collected using an HMIAS-200 optical
microscope color image analysis system under a (10 x 40)
x microscope field of view. The changes in the number of
lymphocytes and cup-shaped cells were counted.

Statistical Analysis

The one-way analysis of variance (ANOVA) method was
used for the statistical analysis of the groups. Statistical
differences and trend analysis were considered significant
at P<0.05. The statistical analysis was done with the SPSS
software package.

RESULTS

The effect of antimicrobial peptides from fly maggots on
immune biochemical parameters in the yellow-feathered
broilers was investigated. It can be seen from Table 2 that
there was no significant difference in the serum total protein
and IgA contents among the study groups (P>0.05). The
contents of albumin, IgG and IgM in the AMPs group and
the bacitracin zinc group were higher than those in the
control group (P>0.05). The contents of IgM in the AMPs
group were higher than those in the bacitracin zinc group
and the control group (P>0.05). There was no significant
difference (P>0.05) in the contents of albumin and IgG in
the AMPs group and bacitracin zinc group.

The changes in the immune organ index of the fly maggot
antimicrobial peptide of yellow-feathered broilers were
shown in Table 3. The spleen index and thymus index in
the AMPs group were higher than those in the control
group and the bacitracin zinc group (P<0.05). Compared
with the control group, there was no significant difference
in bursa of Fabricius index in the bacitracin zinc group
and the AMPs group (P>0.05).

The changes in the number of E. coli and Lactobacilli in
different parts of the chicken small intestine were shown
in Fig. I and Fig. 2. The number of E. coli in the duodenum,

Table 2. Effect of maggot antimicrobial peptides on the biochemical immune indexes of the yellow-feathered broilers

Groups

Parameters

Control AMPs Bacitracin Zinc Group
Total Protein (mg/mL) 38.24+0.66 38.89+0.10 38.31+0.49
Albumin (mg/mL) 21.99+0.87° 23.10+0.23* 22.35+0.15*
IgG (mg/mL) 3.39+0.11° 4.35+0.21° 4.12+0.07°
IgM (mg/mL) 0.76£0.03¢ 1.13+0.06* 0.85+0.06°
IgA (mg/mL) 0.69+0.04 0.76+0.02 0.73£0.03
@be Means within a row followed by the different superscripts differ significantly (P<0.05)
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Table 3. Effect of maggot antimicrobial peptides on the immune organ index of the yellow-feathered broilers

Groups
Parameters
Control AMPs Bacitracin Zinc Group
Thymus index (g/kg) 3.53+0.38° 3.91+0.35° 3.50+0.22°
Spleen index (g/kg) 1.58+0.66" 1.69+0.29* 1.55+0.58"
Bursa index (g/kg) 1.31£0.11 1.61+0.43 1.31£0.25

*bc Means within a row followed by the different superscripts differ significantly (P<0.05)
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® Control Fig 1. Changes in the number of E. coli in the small intestine of
B AMPs the yellow-feathered broilers. Differences in **¢ means significant
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jejunum, and ileum of broilers in the AMPs and bacitracin ~ The changes in the distribution of goblet cells in different
zinc groups were lower than that in the control group  parts of the small intestine of broilers were shown in
(P<0.05). However, there was no significant difference in  Table 5. The number of goblet cells in the duodenum and
the number of Lactobacillus in the small intestine in each  jejunum of the small intestine was higher in the AMPs
segment (P>0.05). group than in the bacitracin zinc group and the control

The number of lymphocytes in the small intestine in the group (P<0.05). How'ever,'there was no'dlffel.’enct.e in the
AMDPs eroun was hicher than that in the bacitracin zinc ~ wmber of Lactobacillus in the small intestine in each
group g

group and the control group. Moreover, the number segment (P>0.05).

of lymphocytes in the duodenum in the bacitracin zinc
peptide group was higher than that in the control group. Discussion

However, there was no difference between the bacitracin ~ Humoral immunity plays an indispensable and important
zinc group and the control group in the ileum of the role in animal immunity, and the health status of livestock
small intestine (P>0.05). The influence of the anti- and poultry is closely related to serum protein. The
microbial peptides on the number of lymphocytes was  increase of serum total protein and albumin contents is the
given in Table 4. embodiment of vigorous protein metabolism, indicating
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Table 4. Effects of each experimental group on the number of intestinal mucosal lymphocytes

Groups
Parameters
Control AMPs Bacitracin Zinc Group
Duodenum 101.00£0.02¢ 108.00+0.14* 104.00+0.44°
Jejunum 89.00+0.02° 99.00+0.37* 89.00+0.29°
Tleum 85.00+0.06° 94.00£0.16* 86.00+0.43°
@be Means within a row followed by the different superscripts differ significantly (P<0.05)

Table 5. Effects of each experimental group on the number of goblet cells in the chicken small intestinal mucosa

Groups
Parameters
Control AMPs Bacitracin Zinc Group
Duodenum 98.00+0.21° 100.00+0.11* 99.00+0.71°
Jejunum 105.00+0.34° 108.00+0.63* 106.00+0.71°
Ileum 124.00+0.83 127.00+0.11 125.00+0.53
*be Means within a row followed by the different superscripts differ significantly (P<0.05)

that the absorption and utilization rate of amino acids and
proteins in the body is improved. Immunoglobulins are
the most important molecules in the immune response
and play an important role in the process of anti-infection.
Studies have shown %! that the AMPs participate in
the first immune defense and regulate body immunity
through different mechanisms, which has attracted much
attention. Wang et al.!'"! showed that the addition of the
antimicrobial peptides decreased the concentration of
TNF-a, IL-1P, and IL-6 and effectively improved the
performance, systematic inflammation, and improved
fecal microbiota composition of the broilers. Jozefiak et
al."? reported that dietary supplementation of fly maggot
powder significantly enhanced the immune capacity of
broilers, enhanced the body’s immune response, and
played a role in preventing livestock and poultry diseases.
In this experiment, the contents of albumin, IgG and
IgM in the AMPs group were significantly higher than
those in the control group (P<0.05), indicating that the
antimicrobial peptide of the fly maggots can induce the
activation of immune function in the yellow-feathered
broilers, promote the synthesis of immunoglobulin, and
maintain the active immune ability of the body, which is
basically consistent with the above reports.

The immune organ index is an important reflection of
the growth and development of the immune organs. The
development status and function of the immune organs
directly affect the immune level of poultry. At present,
relevant studies have shown that the changes in the
volume of immune organs are actually affected by the rate
of apoptosis and cell proliferation of the lymphocytes %],
and antimicrobial peptides can play an indispensable
role in immune regulation and immune homeostasis %],
The spleen index and the thymus index in the AMPs

group were higher than those in the control group and
the bacitracin zinc group (P<0.05). This indicates that
the antimicrobial peptide of fly maggots could promote
the development and maturation of the immune system
organs and improve the immune activity of the yellow-
feathered broilers. In addition, the antimicrobial peptides
and bacitracin zinc showed different results possibly due to
their different mechanisms of action. Yang et al.!"* showed
that the antimicrobial peptides are capable of promoting
systemic humoral immune responses of chickens at an
early age. The increased content of the immunoglobulins
in serum and the antibody-forming cells in the bursa of
Fabricius strengthen the viability of chicken. In addition
to the direct eradication of microorganisms, antimicrobial
peptides may be used as a signal to modulate or amplify
adaptive immune responses. Antimicrobial peptides serve
as ‘alarm’ signals in mobilizing the immune system and
activating innate and adaptive immune systems.

The homeostasis of the intestinal bacteria in poultry
plays an important role in nutrition, immunity and
metabolism !*. The gastrointestinal tract of poultry consists
of the esophagus, crop, proventriculus, gizzard, duodenum,
jejunum, ileum, cecum, colon, and cloaca. The poultry
gastrointestinal tract is much shorter as compared to other
mammals relative to their body length. Thus, microbiota
that grows in such a small gastrointestinal tract with a
relatively short transit time requires unique adaptations
to adhere to the mucosal wall and proliferation. The
ceca has a lower passage rate and is favorable to diverse
groups of bacteria, which affect nutrient utilization
and the overall health of poultry . According to Hirsch
et al.'® antimicrobial peptides from rat-tailed maggots
of the drone fly eristalis tenax show potent activity
against multidrug-resistant Gram-negative bacteria. And
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novel AMPs highlight the potent and broad spectrum
of antibacterial activity, a safe and stable tryptophan-
rich amphiphilic peptide, called WRK-12, has a broad
spectrum of antimicrobial activity against a variety of
multidrug-resistant bacteria, including Methicillin-resistant
Staphylococcus aureus (MRSA), colistin-resistant and
tigecycline-resistant E. coli "\, At present, although no
exact mechanism has been found for the AMPs to affect
intestinal bacteria, in explaining their antibacterial activity it
is attributed to the different surface charges of peptides and
pathogens. Specifically, the AMPs are positively charged
and can attach to negatively charged cell membranes by
electrostatic interaction. Thereby, they physically disrupt
the phospholipid bilayer of the bacteria by blocking enzyme
activity or inhibiting the synthesis of proteins and nucleic
acids 021, At the same time, the AMPs can selectively
inhibit the growth of bacteria in the intestine, which
may indicate a significant competitive advantage of the
AMPs compared with the antibiotics *»**l. Furthermore,
antimicrobial peptides are critical components of host
defense limiting bacterial infections at the gastrointestinal
mucosal surface. Rowan et al.?* found through computer
model studies that the synthetic form of a chicken novel
beta-defensin identified is active against predominantly
intestinal pathogens. The mucosal barrier formed by
cationic antimicrobial peptides (CAMPs) is believed to be
crucial forhost protection from pathogenic gutinfection *°.
Daneshmand et al.*! showed that the AMPs increased
the population of Lactobacillus spp. and harmful bacteria
challenged in the ileum of E. coli-chickens.

Immune-related cells in the intestinal mucosa are
the first cells in contact with the body by pathogenic
microorganisms and play a protective role during the
infection, forming an epithelial mechanical cleaning
barrier and mucosal immune barrier to resist the bacterial
invasion. These cells are mainly composed of mast cells,
intraepithelial lymphocytes, lamina propria lymphocytes
and goblet cells. Lymphocytes have a role in protecting
the intestinal mucosal immune system, and many auto-
immune diseases and intestinal diseases in animals are
associated with decreased lymphocyte numbers and
dysfunction 77l Goblet cells are glandular-type cells
that can secrete glycoproteins and play an important
role in intestinal immunity before passive immunity is
established in neonatal animals #**!l. The results showed
that dietary supplementation of the antimicrobial peptides
was able to significantly increase the number of intestinal
intraepithelial lymphocytes and villus height in the
duodenum and jejunum of chickens at 28, 42 and 56 days 1*2.

The results of this experiment revealed that dietary
supplementation of the fly maggot antimicrobial peptide
could significantly reduce the number of E. coli in the
duodenum, jejunum, and ileum of the yellow-feathered

broilers, while effectively increased the number of
Lactobacilli spp. in each segment of the small intestine.
The number of the lymphocytes and goblet cells in each
segment of the small intestine in the AMPs group was
significantly higher than that in the control group, which
was basically consistent with the above reports, indicating
that the fly maggot antimicrobial peptide could effectively
regulate the number of beneficial and harmful bacteria
in the intestine, improve the intestinal microecological
environment, and facilitate the rapid establishment and
maintenance of intestinal microbial balance in the yellow-
feathered broilers, which is of great significance for body
homeostasis.

In conclusion, the addition of the antimicrobial peptides
of the fly maggots in the basal diet could significantly
increases the serum globulin content, promotes the
development of immune organs, reduces the number of
intestinal harmful bacteria such as E. coli, increases the
number of beneficial bacteria such as Lactobacilli spp.,
improves the intestinal epithelial cells, and improves
the body’s immunity in the yellow-feathered broilers.
Therefore, future work and research should be tailored
to a better understanding of the mechanisms of action of
antimicrobial peptides to investigate their full potential in
the poultry farming industry.
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Abstract: Cytokeratins are intermediate filament proteins found in epithelial cells. Specific cytokeratin expression has been suggested
to mark different epithelial cell line and also to associate with mammary stem/progenitor cells. However, a comparative analysis of the
expression of cytokaratins in the mammary gland during the late lactation and involution periods was limited. Here, the aim of the
present study is to evaluate CK8, CK18 and CK19 expressions of the mammary gland in cows during late lactation and involution periods,
immunohistochemically. The lobe and lobule structure were prominent in the mammary tissue in the late lactation period, but the amount
of connective tissue started to increase, and epithelial cells found on the walls of the alveoli had different appearances based on their
secretion status. The walls of the ducts were covered by simple columnar epithelial cells during late lactation. CK8 and CK18 showed strong
expressions in the epithelial cells of several alveoli and ducts inside the lobes and lobules in the late lactation and involution periods. In
both late lactation and involution periods, there was no CK19 expression in the mammary gland tissue. In conclusion, it was demonstrated
that CK8 and CK18 were expressed in the alveolar and ductal epithelial cells of the mammary gland in cows in the late lactation and
involution periods, but CK19 was not expressed. Thus, our study findings revealed the role of CK8 and CK18 in mammary epithelial
differentiation and maintenance of the normal mammary epithelial layer.

Keywords: Mammary gland, Cytokeratin, Cow, Immunohistochemistry

Inek Meme Bezinde Laktasyon Sonu ve involusyon Déneminde
Sitokeratin 8, 18 ve 19 Ekspresyonu

Oz: Sitokeratinler, epitel hiicrelerinde bulunan ara filament proteinlerindendir. Ekspresyonlari organ veya dokuya 6zgiidiir ve epitel
hiicrelerinin tanimlanmasina izin verir, ayrica meme kok/progenitor hiicreler arasindaki iligkiyi ortaya koyar. Bununla birlikte, geg
laktasyon ve involiisyon donemlerinde meme bezinde sitokaratinlerin ekspresyonunun karsilagtirmali bir analizi sinirliydi. Bu ¢alismanin
amaci, geg laktasyon ve involiisyon dénemlerinde ineklerde meme bezinde CK8, CK18 ve CK19 ekspresyonunu immiinohistokimyasal
olarak degerlendirmektir. Geg laktasyon doneminde meme bezi dokusunda lob veya lobiil yapilar1 belirgindi, ancak bag dokusu miktar1
artmaya baglamist1 ve alveol duvarinda bulunan epitel hiicreleri salgi durumuna gore farkli goriiniimlere sahipti. Geg laktasyon siiresince
kanallarin duvarlar: tek katli kolumnar epitel hiicreleri ile ortiilmiistii. CK8 ve CK18, geg laktasyon ve involusyon dénemlerinde lob ve
lobiillerin i¢indeki kalin epitel hiiclerinde giiglii ekspresyonlar gostermistir. Hem geg laktason doneminde hem de involusyon dénemlerinde
meme bezi dokusunda CK 19 ekpresyonu yoktu. Sonug olaral geg laktasyon ve involusyon doneminde ineklerde meme bezinin alveolar ve
duktal epitel hiicrelerinde CK8 ve CK18’in eksprese edildigi, ancak CK19’un eksprese edilmedigi gosterildi. Béylece, ¢alisma bulgularimiz
CK8 ve CK18’in meme epitel farklilagmasi ve normal meme epitel tabakasinin korunmasindaki roliinii ortaya koydu.
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INTRODUCTION

The mammary gland is a complex organ that consists
of various groups of tissues and cells, which undergo
certain processes like growth differentiation as the organ
develops in distinct stages. These physiological stages
are regulated both systemically and locally, by means of
steroid hormones of ovarian origin -like estrogen and
progesterone-, as well as several other molecular factors.
The sustainability of milk yield in farm animals depends
on the reproduction strategies implemented for the herd
at large, but the aforementioned cellular mechanisms that
determine the numbers and activities of secretory cells
in the mammary gland determine the final milk output
and its sustainability ). The mammary gland of cows is
composed of a network of alveoli and ducts localized in
the stroma, which show a high degree of branching ©.
This system consists of epithelial and myoepithelial cells
that cover the ducts and alveoli >*. The epithelial cells
are surrounded by the stroma at the perimeter, where
some cell types responsible for the homeostasis of the
mammary gland (adipocytes, fibroblasts, and immune
cells) can be found. Alveolar epithelial cells synthesize
and secrete milk. Myoepithelial cells surround alveolar
epithelial cells, adhere to the base membrane, and contract
to transfer the milk secreted in the alveolar lumen to the
ducts. Myoepithelial cells in the mammary gland also
mediate the proliferation, survival, and differentiation of
alveolar cells, and contribute to breast morphogenesis by
modulating stromal cells . In dairy cows, the mammary
tissue undergoes comprehensive morphological and
functional transformation stages that occur concerning
cellular and structural changes of the lactation period .
In the early lactation period, mammary cells multiply at a
rate that exceeds the rate of apoptosis and increase their
total number. With the decrease in milk yield in the late
lactation period, the loss of mammary cells (apoptosis)
starts. This situation leads to the involution process where
the mammary alveoli are effaced 1°l.

Three types of filaments constitute the cytoskeleton of
all mammalian tissues. These are microfilaments, micro-
tubules, and intermediate filaments. Depending on both
the function of the tissue and the type of epithelial cells,
intermediate filaments regulate the growth status and
differentiation of the tissue they are in . Cytokeratins
(CKs) are intermediate filament proteins that are present
in most epithelial cells. Their expression is largely organ
or tissue specific. The CK expressed by an epithelial
cell is mainly dependent on the type of the epithelial
cell, its state in the terminal differentiation process, and
its developmental stage. Accordingly, determining CK
expressions allow the identification of epithelial cells *7%.
There are two types of CKs which are usually found in the
form of heterodimers among acidic type I CKs (CK9-

CK20) and basic or neutral type II CKs (CK1-CK8). Some
CKs act as lineage markers in the mammary epithelium.
While CK8 and CK18 are found characteristically in
the luminal cells of a normal gland, CK5 and CK14 are
localized in basal or myoepithelial cells. CK7 and CK19
are generally expressed in luminal cells, and sometimes
basal cells . Additionally, it has been accepted that CK6 is
strongly expressed by mammary gland alveolar epithelial
cells in mice, and it can be a marker for multipotent/
bipotent mammary epithelial progenitor cells in the
pregnancy, lactation, and involution periods "2, CK14/
CK8-positive suprabasal/luminal cells have rarely been
detected in adult mouse mammary glands, and it was
proposed that they are progenitor cells"*. CK19 is known
as a neutral CK, and its expression is accepted to be a
lumen marker in human mammary glands "*. Studies
conducted in cows about the mammary gland have also
reported that some CKs are expressed in various cell
groups in the lactation or involution period ..

Throughout the lifecycles of female mammals, the
mammary gland goes through a set of periodical changes
in pregnancy, lactation, and involution. These changes are
regulated by the complex interaction of hormonal and
molecular factors '), Cows are arguably the most significant
animals for the dairy industry, and the cow mammary
gland is a complex tissue with has various physiological,
biochemical, and immunological functions "®.. The presence
and amounts of molecular factors localized in the
mammary gland may significantly influence the milk yield;
therefore, understanding their physiological roles carries
importance. This cellular and functional complexity
make up for an interesting research topic regarding the
contributions of different components in the functioning
of the mammary gland. In this context, the aim of this
study was to determine the localization of the CK8, CK18,
and CK19 in the mammary gland cells of cows in the
late lactation and involution periods, and to determine
whether the localization and expression intensities of these
locally expressed factors within the mammary glands are
influenced by the lactation and involution periods.

MATERIAL AND METHODS
Experimental Animals and Samples Collection

The animal material of this study consisted of 10
Holstein cows between the ages of 2 to 8. The animals
had been transported to local slaughterhouses in the
province of Diyarbakur, Tiirkiye had normal reproductive
performances, and did not show any noticeable mammary
problems in their macroscopic examination. Through
clinical observation, the mammary glands of the animals
were examined to determine the presence or absence
of diseases such as mastitis. The owners of the animals
were questioned to obtain information regarding the
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periods in which the mammary glands of the animals
were “’l. The study animals were selected based on the
statements of their owners and clinical inspections, and
the animals were slaughtered. Samples were then collected
from both the right frontal and left posterior lobes of the
mammary glands of the animals. Tissue samples from
different parts of mammary glands (upper, middle and
lower parts) were also taken. The specimens were fixed
in a 10% formaldehyde-alcohol solution after collection.
Following fixation, the tissues were dehydrated, cleared
and embedded in paraffin blocks. Five-um-thick serial
sections were then taken from these blocks at intervals
of at least 100 pm. To help identify the periods of the
mammary glands histologically, sections samples were
stained with Crosman’s triple stain and examined. For
immunohistochemical (IHC) analyses, 3 preparations were
made from each mammary gland specimen. The tissue
sections were placed on slides coated with 3- aminopropyl-
ethoxy silane (APES) (Sigma-Aldrich Chemicals, St.
Louis, MO, USA) and were left to dry at room temperature
for a day.

Determination of the Mammary Glands Periods

In the identification of the periods of the mammary glands
of the animals, in addition to the clinical examinations and
the statements of their owners, histological examination
of the lobes and lobules in the mammary glands was used.
The amount of connective tissue, formations of large
vacuoles in epithelial cells (as a result of the intracellular
accumulation of droplets of fat), and of secretory vesicles,
the histological appearances of alveolar and ductal epithelial
cells, and the presence of casein concretions (in the form
of colloidal masses or a concentric structure in alveolar
lumina) were used as determination criteria *'), Based
on the examinations, the animals were divided into two
groups as late lactation (N:4) and involution (N:6) groups.

Immunohistochemical Staining

The Avidin-Biotin-Peroxidase Complex (ABC) procedure
was performed for immunohistochemical staining. To
inactivate endogenous peroxidase, the sections were
kept in 3% hydrogen peroxide prepared with methanol for
30 min and washed with 0.01M PBS for 3 x 5 min. For
antigen retrieval, the sections were boiled in citrate buffer
solution (pH:6) for 20 min. Next, they were cooled and
washed with PBS for 3 x 5 min. The sections were incubated
with UV block for 10 min. The prepared specimens were
incubated overnight at +4°C with 1/100-diluted CKS8,
CK18 and CK19 primary antibodies (Mouse Monoclonal
Antibody, Cytokeratin 8, catalogue no: ab2530 Abcam,
Mouse monoclonal Antibody Cytokeratins 18, catalogue
no: ab668 Abcam, Mouse Monoclonal Antibody Cytokeratin
19, catalogue no: MA5-12663 Invitrogen). After incubation,
the sections were washed with 0.01M PBS for 3 x 5 min.

The samples were then kept at room temperature for 20
min with biotinylated secondary antibodies (Histostain
Plus Bulk Kit, Zymed) and washed with 0.01M PBS for 3 x
5 min. Next, the sections were incubated with streptavidin-
peroxidase (HRP- Histostain Plus Bulk Kit, Zymed) for 20
min, followed by washing with PBS for 3 x 5 min. Finally,
the sections were incubated with 3,3-diaminobenzidine
(DAB) chromogen solution for 5-15 min according to
the manufacturer’s protocol, counterstained with Harris
Hematoxylin for 3 min, dehydrated through an alcohol
series, cleared in xylene, and mounted in Entellan (Merck,
Darmstadt, Germany, Cat. N0:107960) under a coverslip.

The specificity of the immunohistochemical staining
process was analyzed using negative and positive controls.
Tongue and skin sections of the cows were utilized as the
positive control. For the negative control, non-specific
immune serum was dripped instead of primary antibodies,
and the remaining staining steps were repeated as in
the normal staining procedures. The same protocol was
applied to all sections.

The immunoreactivities of CK8, CK18, and CK19 were
examined and photographed using a Nikon Eclipse E400
(Nikon, Tokyo, Japan) microscope equipped with a DS-
RI1 video camera (DS-U3, Nikon, Tokyo, Japan).

Semi-Quantitative Analysis

The immunohistochemical staining results were examined
based on the intensity score. The cells that showed a
positive reaction for the expressions of CK8, CK18, and
CK19 were qualitatively analyzed. The positive cells were
scored on fourlevels as (-) negative; (+) weak; (++) medium
or (+++) strong, based on their intensity of staining. The
assessments of the positively stained cells were made by
two experiment-blind researchers (A.A.A. and U.T.), and
average scores were calculated. In the mammary gland
sections, the expression of CK8, CK18, and CK19 were
examined at 40x, 100x and 400x magnifications. In each
zone of the mammary gland specimen, three randomly
selected areas were examined. The results were separately
examined for alveolar and ductal epithelial, stromal, and
myoepithelial cells. The results are presented in the results
section (Table 1).

RESULTS

Histological Results

In all specimens, the mammary gland was surrounded
by a capsule formed by connective tissue with compound
tubule-alveolar structures, as described in previous
studies. It was observed that the lobe-and-lobule structure
was prominent in the mammary tissue during the late
lactation period, but the amount of connective tissues was
slightly elevated, and epithelial cells found on the walls
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of the alveoli had different appearances based on their
secretion status. Accordingly, in the alveoli, both simple
columnar epithelial cells filled with secretion could be
seen, along with empty, flatter cells that had released their
secretion. Casein concretions in the form of colloidal
masses were detected within the lumens of some of the
alveoli. A thin layer of connective tissue surrounded the
walls of the ducts, which in turn as covered by simple
columnar epithelial cells. The ducts’ lumens were still
wide, the branching continued. Lumens of some ducts
were filled with secretory material.

0 o]

Mammary | Cells CK8 CK18 CK19
Alveolar epithelium (+++) (+++) ()
Endof Channel Epithelium (+H) /(1) | (++4) (-)
Lactation | Stromal Cells ) ) ©
Myoepithelial Cells (-) ) )
Alveolar epithelium (+4+) [(++4) | (+++) -)
Channel Epithelium | (+4) /(+++) | (+++) (-)
Involution | g¢romal Cells ) ) )
Myoepithelial Cells () ) )

In the mammary tissue in the involution period, as a result
of the intracellular accumulation of droplets of fat and
secretory vesicles, large vacuoles in the simple cuboidal
epithelial cells were noticeable. The lumen of the alveoli
had become narrower, and the inter-alveolar connective
tissue amount was elevated. The lumens of many of the
mammary alveoli were narrower than their counterparts
in the late lactation period samples. The ducts were lined
with simple cuboidal or simple squamous epithelium, and
these ducts were filled with secretory material (Fig. 1).

Immunohistochemical Results

Late lactation: It was revealed that CK8 and CK18 showed
strong expressions in the epithelial cells of several alveoli
and ducts within the lobes and lobules. These expressions
were particularly localized in the cytoplasm. There were
no CK8 or CK18 expressions in the myoepithelial cells.
No CK8 or CK18 expression was detected in the cells and
blood vessels of the connective tissues forming the lobes
and lobules, either. Some individual cells localized in the
connective tissue displayed positive reactions of CK8 and
CK18 at varying intensities (Fig. 2, Fig. 3-A). There was no
CK19 expression in any tissue component constituting
the mammary glands of the cows in our study (Fig. 4-A).

Involution: CK8 and CK18 were found to show strong

End of Lactation

Crosman’s triple

Fig 1. Crosman triple stain. A: Late of lactation,
B: Involution; AE: Alveolar epithelium, S:
Stroma, Duct: Alevolar ductus. Bar: 50 pm (A,B)

Fig 2. Immunohistochemical expression of
CK 8. A: late of lactation, B: Involution;
AE: Alveolar epithelium, S: Stroma, Duct:
Alevolar ductus. Arrow: Alveolar epithel, Arrow
head: Myoepithelial cells. Bar: 25 pm (a,b), 50
um (A,B)

CK8

End of Lactation

U e
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CKI8 '}

Fig 3. Immunohistochemical expression of
CK 18. A: Late of lactation, B: Involution; AE:
Alveolar epithelium, S: stroma, Duct: Alveolar
ductus. Arrow: Alveolar epithel, Arrow head:
Myoepithelial cells. Bar: 25 pm (a,b), 50 pm
(A,B)

Fig 4. Immunohistochemically negative
expression of CK 19. A: Late of lactation,
B: Involution; AE: Alveolar epithelium,
S: Stroma, Duct: Alveolar ductus. Arrow:
Alveolar epithelial. Bar: 25 pm (A), 50 um (B)

cytoplasmic expressions in the epithelial cells covering the
alveoli and ducts. CK8 and CK18 had positive reactions in
some individual cells belonging to the fibrocyte/fibroblast,
macrophage (probably) in the septa of the connective tissue
(Fig. 2, Fig. 3-B). There was no expression in myoepithelial
cells, connective tissue cells or blood vessels. There was
no CK19 expression in the mammary gland tissue in this
period either (Fig. 4-B).

Di1SCUSSION

In the mammary gland tissue, molecular regulations
influence the process of lactation and involution periods.
Expressions of genes that regulate hormonal and
molecular factors in the mammary gland are important
for milk production in ruminants. In the development
(mammogenesis) and lactation (galactopoiesis) periods
of the mammary gland in dairy cows, each group of cells
has a certain property related to the plasticity of the
mammary gland. As in most glandular tissues, the
mammary glands of adults also contain several types of
cells that interact to shape the organ and make it functional.
This study revealed the expressions and localizations of
CKs among the intermediate filaments taking part in the
cytoskeleton, especially in groups of cells that play a role in
mammary gland plasticity, as well as their potential roles

Involution

in cell differentiation, in the late lactation and involution
periods.

The ruminant mammary gland is organized in terminal
duct-lobular units. A terminal duct lobular unit is a group,
or lobule, of mammary acini with dead-ends, along with
intralobular and extralobular portions of the subtending
terminal ducts of the mammary gland °.. The involution
period has some dramatic changes occurring within the
mammary gland at the end of lactation. Involution is
initiated after sudden or gradual weaning among all species
in both experimental and natural settings. Understanding
the biological process of mammary gland regression is
important as it supports livestock measures taken at
weaning time to reduce the incidence of mastitis in all
ruminants, including cows . A typical lactation curve
in cows is defined by a peak point in milk yield that lasts
between the 30™ and 90™ days, followed by a decrease in
milk yield, which is known as the late lactation period.
In this study, it was determined that lobe formation was
prominent in the late lactation and involution periods as
stated by Holst et al."” and Hurley * for cows, but the
amount of connective tissue was found to be elevated. The
epithelial cells covering the walls of the alveoli and ducts
also had different appearances based on their secretion
status. Casein corpuscles were seen in the lumina of some
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alveoli. The walls of the ducts were found to be covered by
simple columnar epithelial cells, and the lumina were filled
with secretory material. Furthermore, a large reduction
in the volume of the mammary gland was observed with
the onset of involution, and the residue of the collapsed
alveolar structures was more prominent compared to
that of the late lactation period. The alveoli and ducts also
had narrower lumina 92,

A literature review performed as part of this study revealed
that most studies about the localization of CKs have
been conducted on mammary gland tumors **?*. Some
studies have reported that alveolar and ductal epithelial
cells and myoepithelial cells in the normal mammary
tissue (in humans and mice) expressed CK8 and CK18 at
different intensities and to a noticeable extent !"**, CK8
and CK18 were shown to be expressed in epithelial cells in
the mammary glands of cows in the involution period 2.
Similarly, it was reported that CK18 was strongly expressed
in mammary gland primary epithelial cells and cell cultures
obtained from the mammary gland during the lactation
period in cows. This was surmised as a potential characteristic
marker for mammary epithelial cells in cows /. In other
studies, performed on the human mammary gland in resting
state, it was reported that CK8 and CK18 were expressed
in alveolar and ductal epithelial cells, but no information
was provided about the intensity of expression 1. It was
revealed that CK18 was strongly expressed in the in vitro
cultures of cow and mouse mammary epithelial cells !/. In
agreement with the studies mentioned above, in this study,
CK8 and CK18 were strongly expressed in the alveolar and
ductal epithelial cells of the mammary gland in the late
lactation and involution periods in cow mammary tissues.
However, as opposed to reports on humans and mice, no
CK8 or CK18 expression was detected in the myoepithelial
cells of the cows in this study "®*. Additionally, in our
study, no cellular localization of either of these two factors
was observed in connective tissue cells and blood vessels
in the late lactation period or the involution period.

The complex events that develop in the normal mammary
gland throughout pregnancy, lactation and involution
can be distinguished based on the expressions of CKs as
markers of epithelial cell differentiation %! Mammary
epithelial cells may also be recognized by their expression
of intermediate filaments, although this may vary between
species and between locations within the mammary
gland. For example, the expression of specific CKs may
be different between epithelial cells in ducts and within
alveolar units *°.. In both normal and neoplastic mammary
gland tissues, the biological importance of heterogeneous
CK expressions has not been completely understood, and
there is a need to shed light on the control mechanisms
of these expressions in normal mammary growth and
malignant transformation "%,

CK filaments take part in providing the mechanical
scaffolding that is needed by cells in epithelial tissue .
In any case, they regulate morphogenesis and cell
differentiation in tissues or organs. In particular, CKs show
molecular and functional expressions in tissues depending
on epithelium type and differentiation characteristics.
These situations provide us with information about
different cytogenetic changes in tissues !"**|. Among
intermediate filament in the CK family, CK18 is the most
prevalently encountered member in tissues and organs,
and it is usually found alongside CK8. Both are expressed
in simple epithelial cells in the organism, and they are
known as significant markers for alveolar and ductal
epithelial cells "®*?. Considering the information given
above, the presence of CK8 and CK18 expressions in the
late lactation and involution periods in our study suggested
that these CKs may also perform similar functions in the
mammary glands of cows.

CK19 is known as an important marker for alveolar
epithelial cells 2. CK19 expression is mostly seen in cells
with an epithelial origin that has high plasticity such as
stem cells, cells with a high capacity to differentiate, and
tumoral cells ¥l. Alveolar and ductal epithelial cells in
human and mouse mammary glands were reported to
express CK19 at varying intensities !'*. In their study on
cows, Ontsouka et al.*?! demonstrated that CK7 and CK19
levels were either at very low or undetectable levels in the
primary cells (epithelial cells) of the mammary gland. The
localization of CK7 and CK19 expressions have been shown
in cell cultures that were subcultured and made immortal
after collection from the mammary gland, especially in
the pregnancy, lactation or involution period of cows >34,
In our study, neither alveolar nor ductal epithelial cells
in the cow mammary glands displayed CK19 expressions
in either of the late lactation or involution periods. The
absence of CK19 expressions in the mammary glands of
cows in this study and clear contradictions between this
study and other studies demonstrated the complex nature
of cells with the mammary origin and suggested that
analyses conducted based solely on the expressions of cell
type markers may be risky. Moreover, as opposed to the
results of this study, the information that CK19 is a marker
for epithelial cells in both mammary gland epithelial cells
and cell cultures obtained from the mammary gland
still holds.

In conclusion, in this study, it was demonstrated that
CKS8 and CK18 were expressed in the alveolar and ductal
epithelial cells of the mammary gland in cows in the
late lactation and involution periods, but CK19 was not
expressed in any of these scenarios. This gave rise to the
idea that CK8 and CKI18 expressions may be effective
-rather than CK19- on the differentiation of epithelial
cells for the cytoarchitecture in the mammary gland,
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at the very least for cows. We humbly believe that by
increasing our knowledge about the regulation of these
molecular factors in the mammary gland, we will be able
to develop methods for increasing milk yield and lactation
sustainability, shorten the length of the dry period
between two consecutive lactation periods, and increase
milk productivity. Furthermore, data on cytokeratins in
the mammary glands of cows may constitute an excellent
alternative model for biochemical studies that investigate
their potential roles in the physiological functions of the
breast and carcinogenesis.
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Abstract: The purpose of this study was to observe the effect of different thawing methods on semen parameters such as motility and morphology
and sperm chromatin integrity as assessed by toluidine blue (TB) staining. A total of 20 frozen sperm straws from the same Holstein bull were
used. While the 30 sec thawing protocol at 37°C, which is used for thawing frozen sperm straws, constitutes our slow thawing group (n=10),
the 6 sec thawing protocol at 70°C constitutes our fast-thawing group (n=10). The motility, viability, morphology, plasma membrane integrity,
and sperm chromatin condensation parameters of all thawed sperm were investigated. There was a significant difference (P<0.05) in sperm
plasma membrane integrity, head defect, and total abnormal sperm morphology. The chromatin decondensation rate detected by TB in bull
semen thawed in the slow thaw system, and the decondensation rate in the fast thaw system, differed significantly from each other in line with
the literature data (P<0.05). According to the evaluations made in terms of chromatin decondensation rate, the rate obtained in slow thawing
(7£0.39) shows an increase up to two times compared to the fast-thawing rate (3.3£0.33) (P<0.05). The TB staining procedure can be used to
evaluate infertility and chromatin integrity, especially in cases that are suspicious and require rapid evaluation.

Keywords: Diagnostic test, Sperm chromatin, Sperm morphology, Toluidine blue

Dondurulmus-Cozdiiriilmiis Boga Spermasinda Hizli ve Yavas
Cozdiirmenin Spermatolojik Parametreler ve Toluidin Mavisi Boyama ile
Kromatin Kondenzasyonunun Belirlenmesi Uzerine Etkisi

Oz: Bu galismanin amacy, farkli gozdiirme yontemlerinin motilite ve morfoloji gibi sperma parametreleri ve toluidin mavisi boyas kullanilarak
sperm kromatin biitinliigi tizerindeki etkisini gézlemlemekti. Ayni Holstein bogasindan toplam 20 adet donmus sperma payeti kullanildi.
Dondurulmus sperma payetlerinin ¢ozdiiriilmesinde kullanilan 37°C'de 30 saniyelik ¢6zdiirme protokolii yavas ¢ozdiirme grubumuzu (n=10)
olustururken, 70°Cde 6 saniyelik ¢ozdiirme protokolii hizli ¢6zdiirme grubumuzu (n=10) olusturmaktadir. Tim ¢6zdiirtilmiis spermalarin
motilitesi, canlilig1, morfolojisi, plazma membran biitiinliigii ve sperm kromatin yogunlagma parametrelerinin analizleri yapildi. Kargilastirilan
iki grup arasinda spermatozoon plazma membran bitiinliigii, bas ve toplam anormal spermatozoon morfolojisinde 6nemli bir fark gozlendi
(P<0.05). Mevcut literatiir verileri dogrultusunda TB boyamasi ile saptanan kromatin dekondenzasyonu yavas ¢ozdiiriilen spermalarda
hizli ¢ozdiiriilen spermalara gore birbirinden 6nemli 6l¢tide farklilik gostermistir (P<0.05). Kromatin yogunlagma hizi agisindan yapilan
degerlendirmelere gore yavas ¢ozdiirme ile elde edilen oran (7+0.39) hizl ¢oziilme hizina (3.3+0.33) gore iki kata kadar artig gostermektedir
(P<0.05). Boylelikle TB boyama prosediirii, 6zellikle siipheli ve hizli degerlendirme gerektiren durumlarda infertilite ve kromatin biitiinliigiini
degerlendirmek igin kullanilabilir.

Anahtar sozciikler: Tanisal test, Sperm kromatin, Sperm morfolojisi, Toluidin mavisi

INTRODUCTION wide . Sperm cryopreservation is an effective method

for managing and preserving male fertility in animals .
The use of frozen-thawed sperm to improve bovine It is also important for livestock production because it
population genetics is widely accepted and used world-  facilitates the storage and transport of germplasm, reducing
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the spread of genetic diversity and increasing the global
distribution of genetically superior animals °\. In terms
of spermatozoa survival, the thawing of sperm is as
important as the freezing procedure *. The thawing rate
significantly affects the survival of spermatozoa, and it is
well known that the appropriate thawing rate is affected by
many factors of cryopreservation procedures, including
diluent type, glycerol concentration, and freezing speed ..
Many studies have been conducted to determine the
best thawing temperature and time to obtain the highest
percentage of viable sperm after thawing 7.

Regardless of extender type and cooling rate, it is
recommended to thaw frozen semen in a water bath at
33-35°C for 30-40 sec (slow thawing) in laboratory and
farm applications !¥. However, many studies have shown
that faster thawing at 60-80°C increases post-thaw motility
and preserves acrosome integrity *>?.. Rapid thawing of
sperm reduces the harmful effects of recrystallization
and hydration, preventing damage to the spermatozoon
membrane and cytoplasm. As a result, the thawing rate and
temperature of the sperm are critical for improving post-
thaw parameters !"”. Motility, concentration, morphology,
viability, and membrane function are the spermatological
parameters that are routinely tested after thawing frozen
sperm. However, DNA analysis has recently gained
prominence in routine sperm examination "". The nucleus
of a spermatozoon has a highly condensed chromatin
formed by combining double-stranded DNA with proteins
known as protamines and histones V. Protamine is an
essential protein that replaces histones in the nucleus
of mature spermatozoa. Protamine binds to multiple
disulphide bonds, allowing chromatin to compact and
crystallize 2. Apoptosis, reactive oxygen species (ROS),
and protamine deficiency, on the other hand, cause poor
chromatin condensation. It causes spermatozoon DNA
damage, infertility, and poor results in assisted reproductive
techniques in this case ['*],

In the last 20 years, many new techniques have been
developed to evaluate sperm chromatin condensation.
In the evaluation of sperm chromatin integrity, toluidine
blue (TB) ", Acridine orange "°), aniline blue ",
chromomycin A3 (CMA3) staining, and COMET test,
TUNEL test, sperm chromatin structure assay (SCSA),
sperm chromatin dispersion test (SCD) [, DNA breakage
detection-fluorescence in situ hybridization test (DBD-
FISH) are used !"¥. However, many of these techniques
necessitate the use of equipment that is not readily
available in laboratories or animal breeding facilities.
In addition to these expensive and more infrastructure-
requiring tests, TB is preferable because it is cheaper than
the others. Toluidine blue is fast, simple, and inexpensive
compared to all these methods '>!*. Toluidine blue is a
basic thiazine metachromatic dye that specifically binds

to acidic cellular components of the tissue. It shows a high
affinity for binding to the phosphate residue of immature
spermatozoon DNA. The results of sperm chromatin analysis
with toluidine blue are also correlated with other methods,
indicating that its use is appropriate .. For these reasons,
our study aimed to show that in the evaluation of thawed
bull sperm at different temperatures, in addition to routine
semen parameters, DNA damage can be detected by using
a staining method (TB), which is easier to find and gives
faster results.

MATERIAL AND METHODS
Ethical Statement

Ondokuz Mayis University Animal Experiments Local
Ethics Committee provided an ethics report for this study
(E-68489742-602.99-104799).

Sperm Samples and Experimental Design

In the study, a total of 20 frozen sperm straws from the
semen of the same Holstein bull were used in order to
eliminate the changes that may arise from individual
differences. While the 30-sec thawing protocol at 37°C,
which is used as the gold standard for thawing frozen
sperm straws, constitutes our control group (n=10), the
6 sec thawing protocol at 70°C constitutes our other
group (n=10). All thawed sperm were tested for motility,
viability, morphology, membrane integrity, and sperm
chromatin condensation parameters.

Sperm Motility

The Computer-Aided Sperm Analyzer (CASA), (SCA®,
Microptic, Barcelona, Spain) was used to assess frozen-
thawed sperm motility and movement characteristics. Total
motility (0-100%), progressive motility (0-100%), VAP
(mean path velocity, um/s), VSL (straight-line velocity,
um/s), VCL (curvilinear velocity, pm/s) and ALH (lateral
head change, m), BCF (Crossover frequency rhythm
Hertz (Hz) values were measured and recorded in at least
5 microscope fields in the software system.

Sperm Morphology

Sperm morphology was determined in accordance with
the protocol of the SpermBlue® test kit (Microptic, Spain).
Ten pL of the sperm sample was taken and smeared on the
slide and left to dry at a 45-degree angle. After drying, the
slide was dipped in the jar containing SpermBlue staining.
The slide was kept in the dye for 2 min. Then the slide
was left to dry at 60-80 degrees. After the drying process,
the slide immersed twice into the jar containing distilled
water was slowly removed, and the slide was allowed to dry.
Following the staining procedure, at least 100 spermatozoa
were tested in the CASA system. Morphological disorders
of the head, acrosome, middle and tail regions of
spermatozoa were evaluated.
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Sperm Viability

According to Gilmore et al.””), the eosin-nigrosin stain was
used to test sperm viability. The slides were stained according
to the protocols, dried, and coated with a cover slide before
being examined with CASA at 60x magnification. The
rates (percentages) of live (white sperm heads) and dead
(pink sperm heads) sperm were determined by counting
200 spermatozoa per stained slide.

Hypoosmotic Swelling Test

The HOS test was used to evaluate the functional
membrane integrity of sperm. One mL of the HOST
solution (7.35 g sodium citrate and 13.51 g fructose per
1:1, v/v of distilled water) was collected and placed in an
eppendorf tube at 37°C 12U, Tt was incubated at 37°C for 30
min after adding 10 pL of the semen sample to the HOST
solution. After incubating the mixture, one drop was
placed on the slide and a smear was obtained. After drying
the slide at a 45-degrees angle, this slide was examined at
40x magnification under the microscope, and 200 sperm
per slide were counted. The percentage of HOS-positive
sperm was calculated with those with a coiling tail.

Determination of Sperm Chromatin Condensation by
TB Staining

According to the study by Beletti and Mello %, sperm
samples were thawed in two ways before being subjected to
smear preparation. The smears were first fixed in ethanol
acetic acid (3:1, v/v) for 1 min before being fixed in 70%

ethanol (3 min). The smears were then hydrolyzed for 25
min in 4N hydrochloric acid, washed in distilled water
and dried at room temperature. The slides were stained
with a droplet of TB 0.025% (w/v) in a sodium citric acid-
phosphate buffer (Mcllvaine bufter) produced at pH 4.0
and then covered with a coverslip. After 3 min, the images
were captured using a light microscope at a magnification
of 100x (Nikon, Eclipse, Tokyo, Japan) and CASA. A total
of 100 spermatozoon were counted in different areas of
each slide using oil immersion and 100x magnification
under light microscopic examination. Sperm cell heads
with good chromatin integrity were light blue, while those
with poor chromatin integrity were deep violet (purple).
Deep violet sperms were considered abnormal, and the
percentage of sperms with this color was calculated.

Statistical Analyses

Ten semen straws (n=10) were used for each group. Mann
Whitney U was used for mean comparisons. The SPSS
software (Version 21, SPSS, IBM) was used for all statistical
analyses, and differences were considered significant at
the P<0.05 level. The results are shown as the Mean+SE.

RESULTS

Sperm Characteristics

Values of sperm characteristics (motility, progressive
motility, kinematic parameters, viability, membrane
function, and morphology) can be observed in Table 1.
There was a significant difference (P<0.05) in sperm plasma

Table 1. Mean and standard error for the post-thaw sperm analysis and the probability values in the slow thawing and fast thawing groups

Variable Slov(vnT=hla:)\;'ing Fas: "f:la\(\)n)ring
Total sperm motility (%) 63.62+3.70 63.49+1.67
Sperm progressive motility (%) 49.68+3.63 48.37+1.35
Sperm curvilinear velocity (um/s) 111.28+3.37 112.57+2.99
Sperm velocity average pathway (um/s) 61.91+2.24 58.45+1.86
Sperm velocity straight line (um/s) 46.17+2.21 42.55+2.03
Sperm straightness (%) 68.09+1.39 66.60+1.55
Sperm linearity (%) 40.42+1.51 36.58+1.89
Wobble (%) 55.82+1.34 52.21+1.64
Amplitude of lateral head displacement (um) 4.3240.19 4.63+0.20
Sperm beat cross-frequency (Hz) 9.75+0.38 9.02+0.42
Viability (%) 66.10+2.54 71.40+0.77
Membrane Integrity (%) 63.20+2.78" 74.10+1.71°
Acrosomal defect (%) 1.50+0.26 1.90+0.37
Head defect (%) 5.40+0.30 3.40+0.37"
Mid-piece Defect (%) 2.50+0.47 2.10+0.23
Tail defect (%) 6.20+0.48 3.70+0.39
Total abnormal sperm morphology (%) 15.60+0.61 11.10+0.40
* Superscripts within the same line differ significantly at P<0.05
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Table 2. Percentages of chromatin alterations identified by toluidine blue in bull sperm from different thawed (Mean+SE)

. Slow Thawing Fast Thawing
Variable (n=10) (n=10)
Normal chromatin condensation 93.0+0.39" 96.7+0.33°
Chromatin decondensation 7.0£0.39" 3.3+0.33*

*b Same letter in the same row indicate that significance (P<0.05)
> |
\ H
J "
N
P\ )
B N . 0 ‘
7 N P/V
P/'
Fig 1. Sperm chromatin structure assessed by toluidine blue staining in bull semen. Sperm cell heads with good chromatin structure
were light blue (N); those of abnormal chromatin structure were deep violet (P). The photographs were obtained with an image
analyzer using the CASA system

membrane integrity, head defect, and total abnormal sperm
morphology (Table I1). However, no difference was found
in sperm motility, progressive motility, sperm kinematic
parameters, viability, tail defect, sperm acrosome defect,
and sperm mid-piece defect between the samples for the
slow thawing (37°C for 30 sec) and fast thawing (70°C for
6 sec) (Table 1) (P>0.05).

Changes in Chromatin Condensation

The percentages of abnormal sperm chromatin structure
and condensation were compared between the two thawing
protocols for sperm. Significant differences (P<0.05) were
observed for the TB patterns between the samples stained
for slow thawing (37°C for 30 sec) and fast thawing (70°C
for 6 sec) when the two thawing protocols were compared
(Table 2). The TB staining patterns observed in bull semen
were as follows: light blue (TB negative, normal chromatin
condensation), and dark blue-violet (TB positive, a high
degree of chromatin decondensation; Fig. I). The rate
obtained in slow thawing (7+0.39) is up to two times
higher than the rate obtained in fast thawing (3.3+0.33)
(P<0.05), according to the evaluations made in terms of
chromatin decondensation rate. Rapid thawing, according
to the literature, produces a successful outcome in this
situation. It is critical to use TB staining to clearly show
these changes in sperm chromatin condensation and
decondensation.

Di1sCcuUsSION

In this study, besides the analysis of routine semen para-

meters of frozen-thawed bull semen, the effectiveness and
success of the Toluidine Blue staining procedure, which
is an inexpensive and easily applicable staining method
and used to determine the condensation/decondensation
change of sperm chromatin, was determined. According
to the findings obtained from the study data, membrane
integrity, head defect, tail defect, total abnormal sperm
morphology, TB negative, and TB positive were statistically
significantly different after thawing at 70°C for 6 sec
compared with 37°C for 30 sec in cryopreserved bull semen.

Rapid thawing of sperm reduces the negative effects
of recrystallization and hydration, preventing damage
to the sperm membrane and cytoplasm *!. Increased
thawing rate has been shown to reduce intracellular
ice recrystallization, which can result in the formation
of larger and more stable ice crystals that can damage
mitochondria. However, it should be noted that, while
temperatures above 35°C appear to have more positive
effects, the thawing time should be shortened and carefully
timed. Because protein denaturation causes spermatozoa
to lose vitality when exposed to high temperatures for an
extended period of time “. The plasma membrane is the
principal location of freezing injury in spermatozoa and is
critical for freeze-thaw survival **. HOST has been shown
to be effective in detecting minor changes in bull sperm
membranes **). Membrane proteins denature during the
thawing process due to osmotic and mechanical stress,
causing membrane integrity to be disrupted. Rapid
thawing, according to Mazur ! and Holt !, prevents water
molecules from recrystallizing, which may be harmful to
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cell membranes. The increased osmotic pressure changes
are the main disadvantage of the slow thawing method 1",
According to Foote !, the thawing process must be
completed quickly to limit the harm caused by changes
in ice crystals during the unfreezing of the sperm and
preserve membrane integrity and potential fertility to the
greatest extent possible. Confirming this information,
our study found that rapid thawing at 70°C resulted in
significant reductions in membrane integrity (74.10+1.71
versus 63.20+2.78) and sperm abnormal morphology
(11.10+0.40 versus 15.60+0.61), particularly in the rate
of chromatin decondensation (7+0.39 versus 3.3+0.33).
While previous studies **! found that temperatures above
35°C result in higher motility values, our results revealed
no statistically significant difference between motility
parameters. This could be due to differences in the
composition of the extenders used, changes in the freezing
procedure, and, most importantly, differences depending
on the semen analysis system used. Our findings show
that when the straws were thawed at 70°C for 6 sec, total
abnormal sperm morphology, as well as other head defect,
were significantly lower than when they were thawed at
37°C for 30 sec. When the methods used and the results
obtained are compared, our findings are consistent with
those of Nur et al.l) and Yilmaz et al.b. The cause of
tail-related abnormalities in spermatozoa is mainly un-
known B!l According to research, coiled and coiled tailed
spermatozoa significantly reduce ejaculate motility and
may lower male fertility potential 1*2I.

The critical temperature range for thawing sperm is
between -60°C and -10°C, and the temperature should be
changed as soon as possible during freezing and thawing !,
Rapid thawing of semen was found to be beneficial in
preventing harm during rewarming by Vishwanath and
Shannon **. Tt is well known that the cold shock that occurs
between these temperatures increases morphological
defects °l. The temperature of the straw in a 37°C water
bath reaches 0°C in the first 5 sec and 30°C in the 15 sec,
but at 70°C, these temperatures are reached in a fraction
of the time. While the short transition time minimizes
the rate of morphological defects, the exposure period to
temperatures must also be attending. If the temperature
within the straw rises above 41°C, the spermatozoa will be
permanently damaged .

The integrity of the paternal genome is linked to
reproductive success, which includes fertilization and
embryonic development. As a result, research that
identifies the chromatin compaction pattern throughout
the reproductive tract, as well as its implications for
possible sperm aberrations, is critical for understanding
the mechanisms underlying male fertility **.. Several
factors can produce chromatin abnormalities in sperm:
disturbances during histone to protamine exchange, a lack

of protamines, disturbances at the level of sperm maturation
in the epididymis, or maintenance of chromatin stability
during ejaculation ). Environmental factors such as
increased body temperature, toxic chemicals, components
of the extender in which semen is stored, storage conditions
are known to cause sperm chromatin damage/abnormal
structure *°. For this reason, several methodologies
have been used to study abnormal chromatin forms
throughout the years 7). The purpose of this study was to
put to the test a TB staining that was simple, inexpensive,
and reliable for determining how two different thawing
temperatures affect sperm chromatin condensation in
the bull. Souza et al."* investigated various chromatin
assessment methods (TB, 6-diamidino-2-phenylindole
(DAPI) and anti-protamine 1 antibody (anti-PR1)).
Other methods allow us to see the areas where sperm
chromatin condensation occurs in greater detail, but TB
cannot distinguish between different types of chromatin
changes. Indeed, DAPI and anti-PRI are not routine
procedures because they require immunocytochemistry
and fluorescence microscopy. However, the condensation
of sperm chromatin as positive and negative in sperm
samples could still be detected. Despite being consistent
with our findings, we were able to identify positive and
negative sperm chromatin condensation differences when
comparing two different thawing methods.

Banaszewska et al.*®! compared Acridine orange (AO),
Aniline blue (AB) and chromomycin (CMA3) stains to
evaluate sperm quality in terms of chromatin abnormalities
in the sperm nucleus. Staining with AO identifies the
abnormal, single-stranded DNA structure in the sperm
cell. The use of AB enables the identification of abnormal
histone retention, while CMA3 identifies sperm cells
with protamination disorders. TB was not included in
the study. However, the examination of nuclear proteins
in terms of infertility shows the importance of normal
chromatin structure on the functioning of sperm cells **..

In a study on human sperm, a negative correlation was
found between sperm chromatin integrity with TB and
AB staining and sperm count, normal morphology, and
cut-off value in progressive motility and specificity. AB
and TB staining sensitivity were accepted as an indicator
of male infertility. Therefore, AB and TB staining has
been reported to be helpful for the assessment of male
fertility potential. In addition, the study shows a negative
relationship between the lack of chromatin material and
the fertility potential of spermatozoa . Chromatin
integrity assessment using AB and TB is a reliable indicator
of pregnancy %\,

Erenpreiss et al.'”’ compared toluidine blue (TB), sperm
chromatin structure test (SCSA) and Terminal deoxy-
nucleotidyl transferase-mediated dUTP nick-end labelling
(TUNEL) test in a study evaluating sperm DNA integrity.
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They reported that the proportion of sperm cells with
abnormal DNA integrity obtained from the TB test was
strongly correlated with the proportion of abnormal cells
detected by the SCSA and TUNEL. They also stated that
while AO-based assays (SCSA) are less sensitive to DNA-
protein interactions due to limited external staining, TB
is sensitive to both DNA strand breaks and chromatin
packaging changes. TB has also been evaluated as a cheaper
and easier to administer test than the more popular SCSA
(sperm chromatin structure test) and TUNEL (terminal
deoxynucleotidyl transferase-mediated dUTP nick-end
labelling) tests [“°l.

Evaluating the presence of chromatin damage in a quick
and low-cost manner can make significant contributions to
the relevant field, particularly in laboratories that perform
routine sperm analysis. Besides, the TB procedures
provided have the advantage of not requiring expensive
computer-assisted sperm analysis systems, which are not
available at most insemination stations or reproduction
laboratories 1**).

The degree of staining of spermatozoa ranges from light
blue to dark blue, and the differentially stained sperm
population is thought to represent chromatin changes
and to show that this method is capable of identifying
alterations in the DNA-protein complex caused by heat
exchange in bull spermatozoa 2!, The thawing rate influences
sperm chromatin condensation rate and previous studies
have demonstrated that increasing the thawing rate
increases sperm chromatin condensation !"*.. Furthermore,
sperm DNA is compacted during spermatogenesis by
replacing histones with protamines *!. Because chromatin
is an important component of the sperm head, changes
in its compaction process may affect the morphometric
features of the sperm head 2. In bulls, there has
previously been reported a relationship between sperm
head morphometry and chromatin ", The results of
our study’s 37°C thawing group are consistent with these
findings, and there is a positive relationship between head
disorders and primary chromatin decondensation.

In conclusion, increasing the temperature from 37°C
to 70°C resulted in a decrease in sperm chromatin
condensation, consistent with previous studies. Improved
sperm chromatin condensation can be attributed to
thawing at 70°C, which preserves the chromatin structure
better than thawing at 37°C. In addition, sperm chromatin
condensation test was found to be highly correlated with
sperm morphology. If CASA and morphology assessments
are routinely used to evaluate stud bulls with suspected
infertility/subfertility, additional TB and chromatin damage
may be determined quickly and inexpensively.
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Abstract: This study was carried out to find out the etiology and predisposing factors of calves having diarrhea from Kayseri province
and its neighboring cities between January 2016 and September 2019. A total of 270 neonatal diarrheic calves were included to this
study. Comprehensive information was obtained by face-to-face interviews with the animal owners about administrative practices such
as the vaccination status of the dams, farm type, colostrum intake status. The etiological agents were determined using the lateral flow
immunochromatographic test kits. As a result of this investigation, out of 270 diarrheic cases; 21.9% (59) Cryptosporidium spp., 15.6%
(42) E. coli K99+, 14.1% (38) bovine coronavirus (BCoV), 10.4% (28) bovine rotavirus (BRV), 9.3% (25) Cryptosporidium spp.+BRV,
8.5% (23) BRV+BCoV were found. Interms of shelter type; 85.2% (230) were traditional and 14.8% (40) were modern type. Regarding
the colostrum intake situation; 7.4% (20) received no colostrum, 11.1% (30) received insufficient colostrum and 81.5% (220) received
colostrum adequately and on time. Additionally, 36.7% (99) calf mothers were vaccinated and 63.3% (171) were unvaccinated. Compared
to those born in autumn, calves born in winter; 6.5-fold, in the spring season; 3.6-fold and in summer; 5.2-fold more likely to develop
diarrhea caused by E. coli K99+. These findings may generate valuable information not only for the clinicians and researchers but also
animal health experts, policy makers, farmer etc.

Keywords: Calf, Diarrhea, Etiology, Predisposing factor

Neonatal ishalli Buzagilarda Etiyolojik ve Predispoze Faktorler: 270 Olgu
Serisinde Klinik Bir Calisma

Oz: Bu galisma, Ocak 2016-Eyliil 2019 tarihleri arasinda Kayseri ili ve gevre illerinden ishal olan buzagilarin etiyolojisi ve predispozan
faktorlerinin belirlenmesi amaciyla yapilmustir. Bu ¢aligmaya toplam 270 yenidogan ishalli buzagi dahil edildi. Hayvan sahipleri ile yiiz
yiize gortiisme yapilarak analarin asilanma durumu, giftlik tipi, kolostrum alma durumu ve sekli gibi yonetimsel uygulamalar hakkinda
kapsamli bilgi alindu. Etiyolojik ajanlar, lateral flow immiinokromatografik test kitleri kullanilarak belirlendi. Bu inceleme sonucunda 270
ishal olgusundan; %21.9 (59) Cryptosporidium spp., %15.6 (42) E. coli K99+, %14.1 (38) bovine koronavirus (BCoV), %10.4 (28) bovine
rotavirus (BRV), %9.3 (25) Cryptosporidium spp.+BRYV, %8.5 (23) BRV+BCoV bulundu. Barnak tiirii agisindan; %85,2’si (230) geleneksel,
%14.8’1 (40) modern tipti. Kolostrum alma durumu ile ilgili olarak; %7.4’ii (20) hig¢ kolostrum almamus, %11.1’i (30) yetersiz kolostrum
ve %81.5’i (220) kolostrumu yeterli ve zamaninda almistir. Kolostrum alma durumu agisindan; sahiplerinin verdigi bilgilere gore %7.4’ti
(20) hig kolostrum almamus, %11.1’1 (30) yetersiz kolostrum, %81.5’1 (220) ise kolostrumu yeterli ve zamaninda aldig1 kaydedildi. Ayrica
annelerin %36.7si (99) asily, %63.3’ii (171) asisizdi. Sonbahar mevsiminde doganlara kiyasla, ki mevsiminde dogan buzagilarin; 6.5 kat,
bahar mevsiminde; 3.6 kat ve yaz mevsiminde; 5.2 kat daha fazla E. coli K99+ un neden oldugu ishal gelistirme olasilig1 oldugu goriildi. Bu
bulgular sadece klinisyenler ve aragtirmacilar i¢in degil, ayn1 zamanda hayvan saglig1 uzmanlar, politikacilar, ¢iftciler vb. igin de degerli
bilgiler tiretebilir.

Anahtar sdzciikler: Buzagi, Ishal, Etiyoloji, Predispoze faktor
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INTRODUCTION

Neonatal calf diarrhea (NCD) is one of the most
important problems in calf rearing "'l In the etiology of
NCD; Cryptosporidium spp., bovine rotavirus (BRV),
bovine coronavirus (BCoV), enterotoxigenic Eschericia coli
(ETEC) K99* and Giardia spp. are commonly reported
endemic microorganisms 1>°. These infectious agents cause
diarrhea in calves alone or as mixed infections 2. Two
of these, Cryptosporidium spp. and BRV are the most
abundant enteropathogens in the feces of calves with
diarrhea ™.

Many factors are known to contribute to calf diarrhea. In
most cases, there is interaction between environmental
conditions, management practices and microorganisms ..
It is stated that many factors such as the number of
animals in the farm, colostrum intake problems such as
not giving colostrum in time, adequately or not at all,
vaccination problems such as not vaccinating pregnant
mothers against infectious diarrhea agents (BRV, BCoV
and ETEC K99%), umblical cord problems such as not
performing umbilical cord disinfection are all effective
in the formation of diarrhea in newborn calves [*7). In
addition, farm type, shelter structure, season and age
are the predisposing factors affecting the emergence and
severity of the disease '*. Furthermore, it is stated that
many administrative factors such as unsuitable shelter
conditions (crowding, ventilation, lighting, temperature
and relative humidity) and poor cleaning and disinfection
of vehicles used in collective breeding shelters are also
effective in the formation of diarrhea .

Various laboratory methods [virus isolation, bacterial
culture, polymerase chain reaction (PCR), enzyme-linked
immunosorbent assay (ELISA), direct microscopy of fecal
smear (acid-fast stain)] have been used to detect entero-
pathogens from stool samples *°!. These procedures are
reliable; however, they are time consuming, expensive
and require specialized knowledge. Lateral flow immuno-
chromatographic (LFI) diagnostic kits; It is widely used in
clinics, animal hospitals and in the field to detect major
enteropathogens from stool samples taken from calves
with diarrhea in a fast, easy and inexpensive way !*!!,
Sincehighlyselective antigen-antibodyreactionand mono-
clonal antibodies as detector antibody used mainly in
these tests, their specificity and sensitivity are generally
over 98% 2],

The incidence of major enteropathogen that cause neonatal
calf diarrhea may vary according to countries, regions,
farm types, and sampling locations >*#!>3I, The incidence
and distribution of enteropathogens that cause diarrhea
in calves have been extensively studied in stool samples
collected from farms or barns and have been reported by
many researchers P*'2!4. However, in animal hospitals

where sick calves are taken for diagnosis, treatment and
improvement of their general condition, there is still a lack
of epidemiological data on the etiology and predisposing
factors of diarrhea in calves brought especially from
traditional and modern farms.

In this study, we conducted a cross-sectional and
questionnaire-based study using multivariate analyzes to
determine the factors that predispose to diarrhea in calves
brought to the animal hospital from different parts of
Kayseri and its surrounding provinces. So, it was aimed
to investigate the prevalence of major enteropathogens
that play role in the etiology of neonatal calf diarrhea.
In addition, risk factors that predispose to diarrhea and
affects on general condition was another aim of the study.
Furthermore, data obtained from traditional and modern
farms were also compared.

MATERIAL AND METHODS
Ethical Statement

This study was approved by the committee of HADYEK-
Local Ethics Committee for Animal Experiments Office
of Erciyes University (Approval no: 13/10).

Study Design

A cross-sectional study was performed to determine major
etiological and predisposing factors on neonatal calves
having diarrhea brought from Kayseri (n=194) and the
neighbouring cities [Sivas (n=14), Nevsehir (n=28),
Yozgat (n=15), Nigde (n=7), Kirsehir (n=12)] to the
Erciyes University, Faculty of Veterinary Medicine, Animal
Hospital between January 2016 and September 2019.

Target Population and Sampling

The target population was 1-35 days old diarrheic calves
brought from traditional and modern farms. Regions of
the farms where the calves are brought, accounted for
approximately 11.2% of national large animal registries "*l.
Each calf in the present study represents a different farm.
Calves included in the study; were randomly selected
from the calves brought to the animal hospital for the
diagnosis. Only clinical signs (abnormally frequent, soft
or watery consistency and bad odor) of diarrhea were
determined as inclusion criteria. No other inclusion
criteria were established. The number of samples used for
questionnaire in the study was determined according to
Krejcie and Morgon table !"°.

Animals

A total of 270 diarrheic neonatal calves from 270 different
farms aged between 1-35 days (116 calves were aged
between 1-7 days, 84 calves were aged between 8-14 days,
49 calves were aged between 15-21 days, 5 calves were
aged between 22-28 days and 16 calves were aged between
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29-35 days), in different breeds (187 Simmental, 53
Holstein, 21 Brown Swiss, 5 Cross-breed, 2 Charolais,
1 Belgian Blue, 1 Limousin), from both sex (153 male, 117
female) were the animal materials of the present study.
Only one animal from each farm was included to the study.

Data Collection

Comprehensive information was obtained by face-to-face
interviews with the animal owners about administrative
practices such as demographic, managerial and health
factors presumed to be associated with diarrhea in calves.
Demographic data contained; race, age and sex of the
calves. Among the administrative factors; there were
questions such as the type of farm (modern or traditional),
the status of receiving colostrum, the number of animals
in the farm, the way colostrum was given, umbilical cord
disinfection applied or not, vaccination status of mothers,
starting time of diarrhea. Information was taken from
a total of 270 persons (ranchers or business executives,
animal owners) whom animals used in this study. Those
who did not responded to our notification or gave false
information, discarded from this study which are not
within 270 animal owners.

The data of the date (month and year) when the calves
were obtained retrospectively from the patient registration
system of the Erciyes University (Patient Registration
System, ERUVetO; V.15042019/2015, Kayseri, Tiirkiye).

Clinical Examination

Calves included in the study were subjected to a complete
physical examination including rectal temperature (°C),
pulsation (bpm), respiratory rate, hydration status, suckling
reflex, general condition assessment, stool consistency and
color. Hydration status of calves were evaluated according
to demeanor, recession of the globe into the orbit and skin
tent duration (sec) described by Smith "7,

The general clinical conditions of the calves were categorized
according to the non-invasive five-point sequential scale
clinical evaluation scoring table developed by Sayers
et al."8l. According to this table, diarrheic calves in the
present study were categorized as clinically normal, mild,
moderate, severe, and comatose.

In the present study, fresh feces taken from a calf was
considered diarrheic if it is abnormally frequent, soft
and watery consistency and had bad odor. According
to the consistency of the stool and presence of blood in
its content; it was also classified as muddy (pasty, faeces
spreading across the bottom of the container, but not
liquid), loose (but stays on the top of floor), watery (liquid
faeces) and hemorrhagic (stools that contain mostly
blood and are nearly red in color). Stool colors were also
recorded (yellow and its tones, white and its tones, green,
brown, red, black and gray).

Pathogen Detection

Samples were taken from diarrheic calves into sterile
stool containers by rectal stimulation. From these stool
samples, lateral flow immunochromatographic (LFI)
test kits (Anigen Rapid BoviD-5 Ag Test Kit, Bionote,
Inc. Korea) were performed to detect antigens against
E. coli K997 [Sensitivity (sen); 97.8%, specificity (spe);
99.0%], BRV (sen; 99.0%, spe; 98.0%), BCoV (sen;
98.4%, spe; 98.0%), Cryptosporidium spp. (sen; 98.2%,
spe; 99.0%) and Giardia spp. (sen; 92.1%, spe; 99.1%).
During the analysis, the instructions in the user manual
of the test kit were followed and the results were evaluated
qualitatively (positive or negative). Samples with negative
results for the above 5 antigens (E. coli K99*, BRV, BCoV,
Cryptosporidium spp. and Giardia spp.) were classified as
“undiagnosed”

Data Management and Analysis

Descriptive statistics and frequency distribution variables
were performed using SPSS for Windows Release 25.0
(SPSS Inc, Chicago, IL, USA). In order to determine the
distribution of etiological agents by age range, calves were
divided into five different age groups as 1-7 days, 8-14
days, 15-21 days, 22-28 days and 29-35 days. Calving
seasons were defined as winter (December-February),
spring (March-May), summer (June to August), autumn
(September-November). Data were coded into variables
using uniform definitions. The relationship between
categorical variables was evaluated using the Pearson’s
chi-square (x2) test (and Fisher’s exact test). For variables
with more than two categories, row (r) x column (c) (r>2
or ¢>2) chi-square test was used. This analysis included
preliminary explorations, including pairwise analyses
for relationship of binary variables using the chi-square
test. This was followed by multivariable modelling using
mixed effects logistic regression. Three main research
questions were addressed. The first was to determine the
predisposing factors associated with neonatal calf diarrhea
caused by major enteropathogens (at least one or more;
ETEC K99, BRV, BCoV, Cryptosporidium spp., Giardia
spp.). The association between the predisposing factors
and the presence/absence of major pathogen induced
diarrhea were also analysed using the logistic regression
model. The second was to identify the predisposing
factors associated with neonatal calf diarrhea caused by
each of the enteropathogens. The association between the
predisposing factors and the presence/absence of each
pathogen was analyzed using the same method. The third
was to determine the predisposing factors that affect the
general condition categories (normal, mildly affected,
moderately affected, severely affected) of calves with
diarrhea. Predisposing factors associated with general
condition of diarrheic calves were analyzed using ordinal
logistic regression model.
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The predisposing factor with logistic regression analysis was
achieved using three steps. Initially, the interrelationships
of all variables taken individually with the occurrence
of diarrhea were tested in a univariate model. Then,
any variable with a p value <0.2 was considered eligible
for the next step. In the third step, a final multivariate
model was fitted with all the variables that had remained
significant during the two previous steps. Odds ratios
(ORs) with 95% confidence intervals were calculated to
assess the likelihood of association. The graph showing
the intersections of different etiological agents was
created using the online Venn Diagram software (UGent,
Genomics, & 927, 2020). For all analyses, a p value of
<0.05 was considered to be statistically significant.

RESULTS

Animal Population

A total of 4389 calves were registered to the Veterinary
Teaching Hospital between at January 2016 and September
2019. The total number of diarrheic neonatal calves were
2545 (58%) (Patient Registration System, ERUVetO;
V.15042019/2015, Kayseri, Turkey). The number of diarrheic
calves included in this study were 270 (10.6%).

Descriptive Data Analysis

One or more than one etiological agent was determined
positive in 238 out of 270 diarrheic calves used in
the present study. A single etiological agent in 63.7%
(172/270), two etiological agents in 23.3% (63/270), three
etiological agents in 1.1% (3/270) were detected in the
diarrheic calves (Table 1). However, in 11.9% (32/270)
diarrheic calves, major antigens (BRV, BCoV, E. coli K99,
Cryptosporidium spp., Giardia spp.) could not be detected.

It was seen that 56.7% (153/270) of diarrheic calves in
this study were male and 43.3% (117/270) were female.
Diarrheic calves investigated in the present study were
66.7% (187/270) Simmental, 19.6% (53/270) Holstein,
7.8% (21/270) Swiss Brown, 1.9% (5/270) cross-breed,
0.74% (2/270) Charolais, 0.4% (1/270) Belgian Blue and
0.4% (1/270) Limousin race. There was no statistically
significant relationship between the categories of variables
of breed and etiological agent (x2= 53.115, P=0.986).

It was noted that 81.5% (220/270) of the calves included
in the study received colostrum fully and in time, 11.1%
(30/270) received less, and 7.4% (20/270) did not receive
it at all. In diarrheic calves, which were stated to have
never received colostrum; mostly E. coli K99* (35.0%),
in diarrheic calves, which were stated to have received
less colostrum; mostly Cryptosporidium spp. (20.0%), in
diarrheic calves, which were stated to receive colostrum
fully and in time, mostly Cryptosporidium spp. (18.6%)
were diagnosed.

In calves given colostrum with a feeding bottle; at most,
Cryptosporidium spp. (18.5%), then respectively; E. coli K99*
(14.8%), BCoV (13.6%), BRV (13.0%), Cryptosporidium spp.
+BRV (9.9%), BRV+BCoV (8.0%) were diagnosed. In
calves given colostrum by suckling; at most, Cryptosporidium
spp. (19.0%), then respectively; E. coli K99+ (18.0%), BCoV
(16.0%), BCoV+BRV (10.0%), Cryptosporidium spp.
+diarrhea cases due to BRV (9.0%) were observed.

Considering the number of calves brought to the hospital
according to the seasons; In the winter season (december
to february) 85, spring season (march to may) 133, summer
season (june to august) 34, autumn season (September
to November) 18 calves with diarrhea were included to
the study.

Considering the stool colors of the calves with diarrhea
in the present study; 60.4% (163/270) were yellow, 11.9%
(32/270) white and its tones, 9.3% (25/270) green, 6.7%
(18/270) brown, 4.5% (12/270) red, 3.7% (10/270) black
and 3.7% (10/270) were gray. There was no statistically
significant correlation between stool color of the calves
with diarrhea and categories of etiological diagnosis variables.

The general conditions of the calves with diarrhea
included in the study; 6.7% (18/270) were normal, 25.2%
(68/270) were mild, 42.2% (114/270) were moderate
and 25.9% (70/270) were severe. Cryptosporidium spp.
were the mostly (44.4%, 8/18) detected patogen in calves
having a healthy general condition, coronavirus was the
mostly (19.1%, 13/68) detected patogen in the calves
having mild general condition, Cryptosporidium spp.
were the mostly (21.1%, 24/114) detected pathogen in
calves having moderate general condition and E. coli were
the mostly (27.1%, 19/70) detected patogen in the calves
having severe general condition. Mean body temperatures,
respiratory rate and heart rate of diarrheic calves were
38.3°C (32.8-41.6), 40/min (IQR; 28-48, min-max;10-160)
and 107.9+£24.9 (IQR; 93.5-120, min-max; 36-180) bpm,
respectively.

Etiologic Agents and Age Ranges

As a single etiological agent from stool samples taken
from diarrheic calves; at most, Cryptosporidium spp.
(21.9%, 59/270), more than one etiological agent; at most,
Cryptosporidium spp.+rotavirus (9.3%, 25/270) were
detected (Table I, Fig. 1).

When etiological agents are examined according to age
range, in 1-7 days-old calves; mostly, E. coli K99* (33.6%,
39/116) cases of diarrhea were observed. In 8-14, 15-21 and
22-28 days-old calves, it was mostly; Cryptosporidium spp.
[27.4% (23/84), 38.8% (19/49) and 40% (2/5), respectively]
cases of diarrhea were determined. In 29-35 days-old calves,
at most; cases of diarrhea caused by coronavirus (31.3%,
5/16) were detected (Table 1, Fig. 2). Conversely, Giardia
spp. were observed only sporadically (1.9%).
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Fig 1. The intersections of major etiological
agents that cause diarrhea in calves using Venn
Diagram. BCoV; bovine coronavirus, BRV; bovine
rotavirus

A°DH

Table 1. Distribution of the major etiological agents in diarrheic calves in accordance to age groups and farm types

Data were expressed as % positive (number of positive/number of total cases), undiagnosed, those are not positive for enterotoxigenic E. coli (ETEC) K99%, bovine rotavirus
(BRV), bovine coronavirus (BCoV), Cryptosporidium spp., and Giardia spp.; TF: traditional farm (n=230); MF: modern farm (n=40); d, days
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Occurrence of Etiological Agents According to Farm
Type (Traditional/Modern)

It was determined that 85.2% (230/270) of the diarrheic
calves came from traditional farm and 14.8% (40/270) of
them came from modern farms. One or more antigens
of Cryptosporidium spp., BRV, BCoV, E. coli K99* and
Giardia spp. were determined as positive in 206 out of
230 diarrheic calves brought from traditional farms. In
calves with diarrhea brought from traditional farms;
at most, Cryptosporidium spp. 22.6% (52/230) cases of
diarrhea were detected (Table 1). One or more antigens
of Cryptosporidium spp., BRV, BCoV, E. coli K99* and
Giardia spp. were determined as positive in 32 out of 40
diarrheic calves brought from modern farms. In calves
with diarrhea brought from modern farms; mostly
BRV 20.0% (8/40) cases of diarrhea were seen (Table 1).
Moreover, to compared to those brought from traditional
farms (undiagnosed; 10.4%, 24/270), it was seen to be
more diarrhea cases classified as ‘undiagnosed’ (20%,
8/40) in diarrheic calves brought from modern farms.
In the present study, in terms of animal numbers kept in
the traditional farms were as follow: 1-10 animal (n=21
farms), 11-25 animal (n=59 farms), 26-50 animal (n=71
farms), 51-100 animal (n=52 farms), 101-250 (n=24
farms), 251-500 (n=3 farms). Furthermore, in the modern
farms, number of animals kept in the farms were as 1-50
animal (n=13 farms), 51-100 animal (n=11 farms), 101-
250 animal (n=12 farms), 250-1000 animal (n=4 farms).

Logistic Regression Model Results for Calves with
Major Pathogen-Induced Neonatal Diarrhea

With the univariate logistic regression model, 4 pre-
disposing factors (umbilical cord disinfection status,
farm type, dam vaccination status, age group) associated
with neonatal diarrhea (P<0.2) caused by major enteric
pathogens in calves were determined. At the last stage, 2

variables showed a significant relationship with neonatal
diarrhea originating from the major enteric pathogen.
According to the final model results; compared to calves
born from mothers that were vaccinated with E. coli K997,
BRV and BCoV antigens in the last period of pregnancy,
the probability of developing major pathogen-induced
diarrhea in calves born from unvaccinated mothers increased
by 3.5-fold. In terms of age groups, it was determined
that 15-21, 22-28, 29-35-days-old calves probability of
developing major enteric pathogen-induced neonatal
diarrhea increased 4.7-fold, 14.4-fold, 8.7-fold respectively
compared to the 1-7-days-old age group.

Predisposing Factors According to the Logistic
Regression Model Significantly Associated with Calf
Diarrhea Caused by Each Pathogen

With the univariate logistic regression model, the
predisposing factors associated with each of the major
enteropathogens [Cryptosporidium spp., (7 variables),
E. coli K99* (7 variables), BRV (4 variables), BCoV (3
variables)] causing neonatal diarrhea (P<0.2) in calves
were determined separately. These variables were included
in the final multivariate logistic regression model. At
the last stage, variables (P<0.05) showing a significant
relationship with neonatal diarrhea caused by each of these
pathogens are as follows: for Criptosporidium; the onset
of diarrhea, months of birth, the consistency of feces and
dam vaccination status, for E. coli K99* onset of diarrhea,
season of birth, and colostrum intake status, for BRV; age
groups and the number of animals in the farms, for BCoV;
the farm type and age groups were found important.

Predisposing Factors According to the Logistic
Regression Model Significantly Associated with Calf
Diarrhea Caused by Cryptosporidium spp., E. coli, BRV
and BCoV

It was observed that the probability of diagnosing

Cryptosporidium spp. BRV
s s
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Cryptosporidium spp-induced diarrhea increased by 0.4-
fold in calves with a diarrhea onset time of “72 h and more”
(B:-1.051, OR: 0.350, 95% CI, 0.177 to 0.689, Wald x2=
9.234, P=0.002) compared to calves with a diarrhea onset
time of “24 h and before”. Compared to the calves born
from mothers that were vaccinated, the probability of
Cryptosporidium spp-induced diarrhea increased by 1.9-
fold in calves born from unvaccinated mothers. Futhermore,
It was determined that the probability of diarrhea caused
by Cryptosporidium spp. increased 0.3-fold in calves with
sludge-like consistency compared to those with watery
stools. Additionally, it was also determined that the probability
of getting diarrhea caused by Cryptosporidium spp. in
calves born in the winter season was 14-fold increased in
8-28 days old calves compared to the autumn season.

It was determined that calves did not receive colostrum
at all were 0.1-fold more likely to develop E. coli K99*-
induced diarrhea, compared to those who received full
and on-time colostrum. The probability of developing
diarrhea caused by E. coli K99* from calves with a diarrhea
onset time of “72 h and more” compared to a diarrhea
onset time “<24 h and previous”, was found to be; 0.1-fold
higher. It was determined that calves born in winter season;
6.5-fold, spring season; 3.6-fold and summer season; 5.2-
fold more likely to develop E. coli K99*-induced diarrhea,
compared to those born in the autumn season.

Compared to the 29-35-days-old age group, 7-14-days-
old calves were 0.2-fold more likely to develop rotavirus-
induced neonatal diarrhea. It was determined that every
1 animal increase in the total number of animals in
the farm increased the probability of calves getting rota-
virus 1.0-fold.

Calves from traditional farms were 0.3-fold more likely to
be diagnosed with coronavirus-induced neonatal diarrhea
compared to calves brought from modern farms. Compared
to the 29-35-days-old age group, 15-21-days-old calves
were 4.0-fold more likely to develop coronavirus-induced
neonatal diarrhea.

Predisposing Factors According to the Ordinal Logistic
Regression Model Significantly Associated with General
Conditions (Normal, Slightly Affected, Moderately
Affected, Severely Affected) of Diarrheic Calves

Asaresult of this analysis, it was determined that especially
absence of suckling reflex, rectal temperature, season of
birth, starting time of diarrhea were effective on the general
condition of the calf (P<0.05) (Table 2). When compared
with the calves having “good suckling reflex”, each
increase in the number of calves ‘without suckling reflex’
was found to worsen the general condition of the calves
by 6.8-fold (P<0.001) and in calves having ‘poor suckling
reflex” by 2.7-fold (P<0.001). Compared to autumn, calves
born in summer had a 3.0-fold higher risk of being severe
in the general condition categories (P<0.05). An increase
in rectal temperature (for each °C) was associated with
decrease in the odds of general condition, with an odds
ratio of 0.765 (P=0.001). An increase in E. coli K99*
positive case (expressed in numbers) was associated with
an increase in the odds of general condition, with an odds
ratio of 1.846 (P=0.069, without statistically significance).

Chi-square (x2) Test Results

There was no statistically significant relationship between
the dam vaccination status and the type of farms. It was
observed that the vaccination rates of pregnant animals

Table 2. Predisposing factors associated with general conditions of diarrheic calves in ordinal logistic regression model

Variable Description Estimate SE Sig. OR 95% CI
No reflex 1.971 0.393 <0.001 6.801 3.261 14.182
Suckling reflex There is but not good 1.059 0.278 <0.001 2.721 1.603 4.619
Good (Reference category)
Winter 0.673 0.506 0.184 1.960 0.727 5.284
Spring 0.425 0.485 0.381 1.530 0.591 3.957
Season of birth
Summer 1.113 0.568 0.050 3.043 1.000 9.265
Autumn (Reference category)
<3h -1.405 0.992 0.157 0.245 0.035 1.715
12h 0.194 0.409 0.636 1.214 0.545 2.706
Starting time of diarrhea 24h 1.209 0.411 0.003 3.350 1.497 7.497
48 h -0.201 0.325 0.536 0.818 0.433 1.547
72 h and more (Reference category)
Rectal temperature (°C) -0.268 0.083 0.001 0.765 0.655 0.893
E. coli K99 Yes/No 0.613 0.337 0.049 1.846 0.954 3.573
SE: Standart Error, Sig: significance, OR: odds ratio, 95% CI: 95% confidence interval, R*= 0.246 (Cox & Snell), R’= 0.269 (Nagelkerke). Model: y2 (11)= 76.288
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in traditional (36.5%) and modern farms (37.5%) were
similar. In calves born from mothers vaccinated (36.7%);
at most, Cryptosporidium spp. (22%), then respectively;
Cryptosporidium spp.+rotavirus (14.1%), E. coli K99*
(13.1%), coronavirus+rotavirus (11.1%), rotavirus (10.1%),
coronavirus (10.1%) diarrhea were determined. In calves
born from unvaccinated mothers (63.3%); mostly E. coli
K99* (17%), then respectively; Coronavirus (16.4%),
Cryptosporidium spp. (15.8%), rotavirus (9.9%), rotavirus
+ coronavirus (7%), Cryptosporidium spp. + rotavirus
(6.4%) diarrhea were observed.

It was noted that 75.6% of the calves included in the study
had umbilical cord disinfection and 24.4% were not. In
calves undergoing umbilical cord disinfection; at most,
Cryptosporidium spp. (16.7%), then respectively; E. coli
K99 (14.7%), coronavirus (11.8%), Cryptosporidium spp.,
rotavirus (11.3%) infections were seen. For those who did not
have umbilical cord disinfection; at most, Cryptosporidium
spp. (22.7%), then respectively; coronavirus (21.2%), E.
coliK99* (18.2%), rotavirus (10.6%), E. coli K99*+rotavirus
(6.1%) infections were recorded. A statistically significant
relationship was observed between the type of farms and
the application of umbilical cord disinfection (P=0.007).
The rate of umbilical cord disinfection in modern farms
(92.5%) was higher than in traditional farms (72.6%).

When looking at the way of taking colostrum, it was
noted that 60% of calves received colostrum by feeding
bottle and 40% of them received colostrum by suckling. A
statistically significant relationship was observed between
colostrum intake (suckling, feeding bottle) and colostrum
intake status [(did not receive, received less, received fully
and on time) (P=0.021)]. It was stated that 85.8% of the
calves given colostrum with a feeding bottle received the
colostrum fully and on time. In calves given colostrum
by suckling, the rate of taking colostrum fully and on
time was 75.0%. The proportion of calves “received less”
colostrum with a feeding bottle was 6.8%, while the same
ratio of those who received colostrum by suckling was
recorded as 17.6%. In calves receiving colostrum with a
feeding bottle; at most, Cryptosporidium spp. (18.5%), then
respectively; E. coli K99* (14.8%), coronavirus (13.6%),
rotavirus (13.0%), Cryptosporidium spp.+rotavirus (9.9%),
rotavirus+coronavirus (8.0%) infections were seen. In
calves received colostrum through suckling; at most,
Cryptosporidium spp. (19.0%), E. coli (18.0%), coronavirus
(16.0%), coronavirus + rotavirus (10.0%), Cryptosporidium
spp. + rotavirus (9.0%) infections were seen.

A statistically significant relationship was observed between
the suckling reflex and the general condition of the calves
(P<0.001). A statistically significant relationship was
observed between the general condition of the calves and
the type of farm where the calves were brought (P=0.014).
It was observed that the proportion of calves with mild

general condition was lower in calves from traditional
farms (21.7%) than those from modern farms (45.0%).
There was no statistically significant relationship between
the onset of diarrhea and the type of farm (P=0.079). A
statistically significant relationship was observed between
the seasons and the type of farm where calves were
brought (P=0.05). It was observed that the ratio of calves
with diarrhea brought to our clinic in the winter season
was higher in modern farms (47%) than in traditional
farms (28.7). In the spring season, the ratio of calves with
diarrhea brought to our clinic in traditional farms (51.7%)
was higher than in modern farms (35.0%).

Di1SCcUSSION

In this study, the incidence of major enteropathogens and
the distribution of these pathogens according to 5 different
age groups in neonatal diarrheic calves brought from
two different farm types (traditional/modern farm) in
Kayseri and its surrounding provinces were determined.
Predisposing factors associated with neonatal calf diarrhea
caused by each pathogen were recorded. In addition,
predisposing factors affecting the general condition of
calves with diarrhea were also revealed.

Considering the fact that in the present study, the animal
owners applied to the animal hospital in order to determine
the etiology, treatment and improvement of the general
condition of the diarrheic cases that did not improve
and/or had a severe course, the underrepresentation of
treatment-responsive or cured diarrheic cases from the
main population could be a potential source of error.
The same disadvantage is often present in other studies
investigating the etiology of neonatal calf diarrhea **. In
addition, 270 stool samples from calves with diarrhea were
analyzed with lateral flow immunochromatographic (LFI)
test kits in the present study. As a result of these analyses,
5 etiological agents causing diarrhea (BRV, BCoV, E. coli
K99*, Cryptosporidium spp., Giardia spp.) could not be
determined in 32 calves with diarrhea. Failure to confirm
the accuracy of stool samples determined as positive or
negative by LFI test kits with more sensitive diagnostic
methods such as “virus isolation, conventional and/or
real-time PCR, bacterial culture, etc” and toxin isolation
[heat] for ETEC K99*-stable enterotoxin-a (STa), heat-
labile enterotoxin-IIc (LTIIc)] is another weakness of
the present study. Recent studies have focused on the
toxins (Sta, LTIIc) secreted from this bacterium which is
responsible for the main pathogenic effect, rather than the
diagnosis of E. coli in the feces of calves with diarrhea ['*2°],
In the current study, these sensitive diagnostic methods
were not preferred because they were expensive and take
a long time between examination and diagnosis of sick
calves. Thus, the reason choosing LFI test kits was that they
are faster (<5 min), inexpensive and have the advantage
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of starting early treatment against the agent. Once the
enteropathogens are diagnosed in a short time, measures
such as segregation of affected animals and disinfection
of contaminated clinics, animal hospitals, farms and/
or shelters can be implemented quickly to prevent the
spread of infection to other animals. In addition, it is a
fact that this diagnostic method has high specificity and
sensitivity rates due to the use of monoclonal antibodies
as detector antibodies in these tests '?/. Another weakness
of the present study is that the accuracy of the answers
given to the questions that asked face to face could not be
confirmed. The farms where the calves were brought from
could not be visited. Because of the economic or other
concerns of the calf owners, there may be a possibility of
giving wrong answers to the questions posed to hide the
current situation.

Cryptosporidium spp. (21.9%, 59/270) induced diarrhea
cases were observed mostly as a single etiological agent
in diarrheic calves, in the current study (Table 1). While
the results of the present study were similar to the values
reported by many researchers #2221, but higher than
the values reported by some other researchers 1023,
This situation can be explaned by the age of calves,
number of samples, difference in farm type, differences
in the hygiene and management practices in farms,
climate and geografical differences in which the study was
conducted.

When more than one etiological agent taken into
consideration, at most; Cryptosporidium spp. + BRV
(9.3%) combination were seen, in the present study (Table
I). In calves less than 30 days old, BRV was the most
reported etiologic agent in addition to Cryptosporidium 4.
When antigen positivity rates examined (including mix
infections) in stool samples, the most common antigen
was Cryptosporidium spp. (33.3%), followed by BRV
with 31.9% (Table 1) in our study. As a matter of fact,
it is stated that there is a positive correlation between
Cryptosporidium spp. and BRV infections **. In addition,
it has been recently reported that Cryptosporidium spp. is
the major causative factor in neonatal calf diarrhea and is
a risk factor for the occurrence of BRV %,

In this study, the diagnosed Giardia spp. ratio (1.8%) were
lower than studies conducted in our country **' and other
countries 7. The prevalence of enteropathogens may
vary depending on the countries, regions, climates, farms
and the application of management and hygiene measures.
For this reason, it may be more beneficial for veterinarians
to evaluate enteropathogens such as BRV, BCoV, E. coli
K99* and Cryptosporidium spp. rather than Giardia spp.
in the etiology of neonatal diarrhea in the said region.

The incidence of diarrhea caused by Cryptosporidium
spp. was 1.9-fold higher in calves born from unvaccinated

dams compared to calves born from vaccinated dams
(P<0.05) in the present study. This may be related to
the reduction in diarrhea caused by ETEC K99* and
BCoV due to vaccination. Diarrhea cases due to E. coli
K99* (13.1%) and BCoV (10.1%) in calves born from
vaccinated dams compared to calves born to unvaccinated
dams [E. coli K99+ (17%) and BCoV (16.4%)] were found
to be lower. BRV incidence rates in calves born from
vaccinated and unvaccinated dams were very close to
each other. Frequent mutation and antigenic variation
of rotaviruses due to recombination may also occur.
Thus, BRV vaccines may require frequent surveillance
and further characterization of circulating rotaviruses in
the field **°. Additionally, the high prevalence of BRV-
induced diarrhea in vaccinated patients may be associated
with the higher incidence of Cryptosporidium spp. related
diarrhea. Because Cryptosporidium spp. and BRV are risk
factors for the formation of each other [**. Furthermore,
Cryptosporidium spp. can increase the proliferation of
viral agents, especially rotaviruses, in the digestive tract by
causing malabsorptive diarrhea in calves ',

The probability of catching Cryptosporidium spp.-induced
diarrhea was higher in calves born in the winter season
compared to the autumn season in calves aged 8-28 days
in this study. This result is in agreement with the results
reported by Hamnes et al.??. On the other hand, in the
current study, the majority of calves were brought to the
hospital in winter (31.5%) and spring (49.2%) seasons.
Therefore, the reason for the high incidence of diarrhea
caused by Cryptosporidium spp. in winter observed in
this study, may be due to patient load in winter season I,
Similarly, Sanford et al.®* reported high patient load
during the winter months. In contrast, some researchers
speculated higher in other seasons than winter B**. A
possible explanation for our findings is that during the
winter months, reduced cleaning routines may result in
a heavier pathogen load in the farms 2. As a matter of
fact, crowding, lower temperature and higher humidity in
winter months increase the level of infectious agents that
elevate the risk of developing diarrhea 53307,

Consistent with the literature in the current study, diarrhea
cases due to ETEC K99+ (33.62%) were the most common
in calves aged 1-7 days. This result is compatible with the
results of other studies conducted in our country (22.58%-
32.1%) "2 but, higher than the values reported from
different parts of the world (1.4-17.4%) %], The reason
for our results can be attributed to the type of farm (mostly
traditional farms; 85.2%), inadequate shelter, hygiene and
management practices in the farms, as stated by Cho and
Yoon . In addition, it was determined that preventive
vaccination against enteropathogens (E. coli, rotavirus,
coronavirus) in these farms was low (36.7%). So, E. coli
K99+ (17%) related diarrhea were seen at most in calves
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born from unvaccinated dams which can be atributed to
low vaccination rate.

Colostrum management is one of the most important
preventive measures in reducing infectious calf diarrhea I,
In the current study, it was determined that the probability
of diarrhea caused by E. coli K99* was higher in calves
that colostrum was not given compared to calves given
full and timely colostrum. According to the results of this
study, E. coli K99* (35.0%) related diarrhea was the most
common diarrhea in calves that colostrum was not given.
Inadequate quality and quantity of colostrum given in
the first colostrum feeding is an important reason for the
failure of passive immunity transfer .

In the present study, it was determined that calves
born in the winter season were 6.5-fold more likely to
develop diarrhea caused by E. coli K99* compared to the
autumn season. Similar findings were also reported by
other researchers ***?l. During the winter months, more
crowded shelters, lower ambient temperature and higher
indoor air humidity may increase the level of infectious
agents such as E. coli *5%),

In our study, compared to the 29-35-days-old age group,
7-14-days-old calves were 0.2-fold more likely to develop
rotavirus-induced neonatal diarrhea. Similar results were
also reported by other researchers !!. It was determined
that every 1 animal increase in the total number of animals
in the farms increased the probability of calves getting
rotavirus 1.0-fold, in the present study. The increase in
the number of animals on farms may increase transmission
of infectious agents by adult cattle or healthy-looking
calves [**1 and could be the reason for above results. In
addition, it is a fact that vaccination rates against BRV were
low in the study population. This is due to the prevailing
belief that vaccination causes an increase in costs.

In this study, calves from traditional farms were 0.3-fold
more likely to be diagnosed with coronavirus-induced
neonatal diarrhea compared to calves brought from
modern farms. In another study, it was reported that
coronaviruses are more common in group housing
systems compared to individual housing systems . It
has been reported that the spread of coronavirus in adult
cattle increases during birth, therefore newborns are
susceptible to infections and their mothers plays a major
role in the exposure of calves to the agent in the first days
of their lives. In addition, this disease is more common
in animals raised or housed indoors for a long time,
especially in winter months **!. The reason of getting high
rate of coronavirus infection in the present study, could be
due to keeping calves at the same environment with adult
animals especially in traditional farms.

When compared with the calves having “good suckling
reflex”, each increase in the number of calves “without

suckling reflex” was found to worsen the general condition
of the calves by 6.8-fold and in calves having ‘poor suckling
reflex” by 2.7-fold. It has been reported that the suckling
reflex in calves with diarrhea is closely related to base excess
(BE) values ©**¢l. Furthermore, dehydration, metabolic
acidosis and increased serum D-lactate concentration are
common findings in calves with diarrhea with or without
a reduced suckling reflex !,

In the present study, an increase in rectal temperature
(for each °C) in the diarrheic calves was associated with
decrease in the odds of general condition, with an odds
ratio of 0.765. Boccardo et al.”! reported that a 1-unit
increase in rectal temperature (°C) in calves with diarrhea
increased the calf survival rate 1.2-fold. In calves with
diarrhea with poor general condition, the prognosis can
still be considered favorable if the body temperature is
above 38°C. Lower values indicate a poor prognosis .

Calves born in summer had 3.0-fold higher risk of being
severe in the general condition categories compared to
autumn in this study. Indeed, Windyer et al.*® reported
that calves born in summer are 2.0-fold less likely to
respond to treatment for neonatal diarrhea compared
to calves born in autumn. Similarly, in another study,
bovine viral diarrhea virus related diarrheic calves born in
summer show 2.7-fold more severe symptoms than calves
born in autumn . It has been speculated that many
factors such as heat stress and suitable environmental
conditions for bacterial growth in summer may play
role "I, Another reason may be related to the workload of
animal owners in the summer season.

It was determined that 60% of the calves received
colostrum by feeding bottle and 40% by suckling, in this
study. Suckling colostrum is the least preferred approach.
Because, this approach in the end belived to cause higher
rates of passive transfer failure *. Moreover, in the present
study, E. coli related diarrhea was seen at higher rates in
calves received colostrum by suckling (18.0%) than those
received colostrum by feeding bottle (14.8%). In contrast,
Mohammed et al.®” reported that the prevalence of E. coli
was higher in calves received colostrum by feeding bottle
than those received colostrum by suckling. Unlike the
present study, Mohammed et al."” were carried out their
study entirely on modern farms with concern to careless
management systems during bottle feeding.

Contrary to the fact that the rate of calves with diarrhea
brought from traditional farms in the winter season is lower
than that of modern farms, this result can be attributed
to various reasons. One of these can be explained by the
inadequacy of traditional business owners in transporting
their patients to veterinarians due to transportation,
distance and adverse weather conditions in winter. On
the other hand, it can be concluded that modern business
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owners are more sensitive to veterinary consultation.
Another reason can be explained by the fact that the total
number of calves (40) brought from modern processing is
lower than the total number of calves (230) brought from
traditional farms.

As a result of above findings, etiological and predisposing
factors of calf diarrhea have been put forward. These
findings may generate valuable information not only for the
clinicians and researchers but also animal health experts,
policy makers, farmer etc. Investigating the subtypes of
the identified etiological agents in future studies will also
contribute to the development of vaccines, especially
against different serotypes. Further studies with concern
to etiology and predisposing factors at different locations
in our country and in the world should be performed in
future, because, locations and animal movements may
also affect such factors. So, precautions specific to each
area can be taken.
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Abstract: Reproductive performance of Tibetan sheep is the most important factor affecting the sheep industry’s production efficiency in
Qinghai-Tibet Plateau. To identify differences in lambing traits of Tibetan ewes and the ovarian proteome at different stages of follicular
development during the reproductive cycle, the ovarian proteome of Tibetan sheep with clear lambing records and different litter sizes were
screened and analyzed using label-free mass spectrometry. The results showed that of 2508 proteins detected, there were 57 differentially
expressed proteins during the anestrus season, and compared with single ewes, in twin lambing ewes expression was up-regulated in 43
proteins and down-regulated in 14 proteins; 2664 proteins, with 69 differentially expressed proteins, were detected on the 1+ day of the ewe
estrus period. Expression of 39 proteins in twin ewes was up-regulated and down-regulated in 30 proteins when compared with single ewes;
2704 proteins and 96 differentially expressed proteins were detected in 11" day of the ewe estrus period. Expression of 16 proteins in twin
ewes was up-regulated and expression of 80 proteins was down-regulated compared with single ewes. The pathways in twin sheep that were
significantly up-regulated were oxidative phosphorylation (phagosome and endocytosis), oocyte meiosis, extracellular matrix receptor
interaction, and cell adhesion. The amino acids (lysine, valine, leucine, isoleucine) and fatty acid degradation, TGF-p signal and GnRH
signal pathways were significantly down-regulated in twin sheep. GDF9, BMPR-1B, MTHFR and Cu/Zn-SOD were relatively active in
different stages of follicular development during the reproductive cycle. This study contributes to the research of twin production in Tibetan
sheep, the in-depth study of Tibetan sheep fertility, and promotes the development of animal husbandry in the Qinghai-Tibet Plateau.

Keywords: Tibetan sheep, Twin trait, Reproductive cycles, Follicular development, Label-free Mass Spectrometry

Tibet Koyun Ovaryumlarinda Proteinlerin Diferansiyel Ekspresyonu ve
Farkli Folikiiler Gelisim Asamalarinda Batin Biiyiikliigii Ozellikleriyle Iliskisi

Oz: Tibet koyunlarinin iireme performansi, Qinghai-Tibet Platosu'ndaki koyun endiistrisinin {iretim verimliligini etkileyen en 6nemli
faktdrdiir. Ureme déngiisii sirasinda folikiiler gelisimin farkli asamalarinda bulunan Tibet koyunlarinin kuzulama 6zelliklerindeki ve
yumurtalik proteomundaki farkliliklar1 belirlemek i¢in net kuzulama kayitlar: ve farkli batin biyiikliikleri olan yumurtalik proteomlari,
etiketsiz kiitle spektrometrisi kullanilarak tarandi ve analiz edildi. Sonuglar, tespit edilen 2508 proteinden, andstrus sezonu boyunca 57’sinin
farklr sekilde eksprese edildigini ve tek kuzu doguran koyunlarla karsilastirildiginda, ikiz kuzulayanlarda 43 proteinin daha fazla ve 14
proteinin daha az eksprese edildigini gosterdi. Koyunlarda strus periyodunun 1. giiniinde farkli sekilde eksprese edilmis 69 protein dahil
2664 protein tespit edildi. Tek kuzu doguran koyunlarla kargilagtirildiginda ikiz kuzulayan koyunlarda 39 protein daha fazla eksprese
edilirken, 30 protein daha az eksprese edildi ve dstrusun 11. giiniinde 96’1 farkls sekilde eksprese edilmis 2704 protein tespit edildi. Tek kuzu
doguran koyunlarla karsilagtirildiginda, ikiz kuzulayan koyunlarda 16 proteinin ekspresyonu daha fazla iken, 80 proteinin ekspresyonu
ise daha azd. Ikiz kuzulayan koyunlarda énemli &lgiide fazla eksprese edilen yolaklar, oksidatif fosforilasyon (fagozom ve endositoz),
oosit mayozu, hiicre dis1 matris reseptér etkilesimi ve hiicre adezyonuydu. Amino asitler (lizin, valin, 16sin, izoldsin) ve yag asidi yikimi,
TGEF-p sinyali ve GnRH sinyal yolaklarinin ikiz kuzulayan koyunlarda 6nemli 6lgiide ekspresyonu azalmisti. GDF9, BMPR-1B, MTHFR
ve Cu/Zn-SOD, iireme dongiisii sirasinda folikiiler gelisimin farkli agamalarinda nispeten aktifti. Bu ¢alisma, Tibet koyunlarinda ikizlik ve
dogurganliginin derinlemesine incelenmesine katkida bulunmakta ve Qinghai-Tibet Platosu'nda hayvanciligin gelisimini tesvik etmektedir.

Anahtar sozciikler: Tibet koyunu, ikizlik, Ureme dongiileri, Folikiiler gelisim, Etiketsiz Kiitle Spektrometrisi
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INTRODUCTION

Tibetan sheep is the most common breed in Qinghai
province where sheep cultivation is an important industry '\,
With the development of modern animal husbandry,
improving lambing rate and reducing stocking density,
while increasing economic benefits is occurring in Qinghai
province’s sheep cultivation industry. The ideal lambing
performance of ewes is to produce twins; however,
Tibetan sheep have a low reproductive rate with a twin
rate of approximately 5% . Sheep reproductive traits
are usually regulated by many related genes in complex
mechanisms. Improving lambing rate and reducing feed
and management costs are an important area of research
in Tibetan sheep production.

In recent years, the inherent reproductive performance of
Tibetan sheep can no longer meet the current production
needs as the sheep farming industry in Qinghai Province,
the main production area in China, has grown rapidly.
How to improve sheep reproductive performance has
been the main puzzle of sheep industry in Qinghai and
even the whole country for a long time. Over the past
decade, many studies have shown that polymorphisms of
fecundity genes, BMPR-1B, BMP15, and GDF9, would affect
amino acids of the translated protein, increase ovulation
rate, and ultimately affect the lambing characteristics
of specific breeds . Some studies have indicated that
BMPR-1B, one of the oocyte-derived members of trans-
forming growth factor-p family, has played an imperative
role in follicular growth and ovulation “®. Mutation at
locus 746 in the coding region of the BMPR-1B gene (FecB
mutation) increases the signal strength to downstream
receptors during BMPR-1B signaling, promotes steroid
production, alters SMAD expression and phosphorylation
status, accelerates follicle maturation, and causes an
additive effect on ovulation number in sheep . During
follicle development, the BMP system increased average
ovulation in Booroola Merino sheep, Garole sheep, and
Hu sheep . The reproductive performance of sheep is
not only controlled by small effects of multiple genes but
is also affected and regulated by one or more quantitative
trait loci (QTL). It has a non-additive dominant gene
action mode, and its heritability (H?) is very low. The
heritability of sheep double lambs is only 0.126 "',

Mammalian follicle development and ovulation are
regulated by the downstream action of GnRH in the
hypothalamus and FSH and LH in pituitary gonadotropins
on follicular granulosa cells and/or membrane cells, as well
as intraovarian effects of growth factors and steroids 2.
Research confirmed that various intraovarian factors
could control the release of these gonadotropin hormones
(FSH and LH) and extraovarian feedback effects on hypo-
thalamic and/or pituitary gonadotropins. Genes affecting

the development and control of the reproductive axis are
potential candidate genes for twin production "*l. From
long-term studies and observations of animal twins, it is
clear that twins are mainly controlled by genetic factors.
There are great differences in the rate of twin lambs
among different sheep breeds, and the traits of twin
lambs are greatly affected by their parents. In addition,
they are also affected by parity, season and nutrition %],
Therefore, the most effective way to improve the rate of
sheep production is to further our understanding of
the genetic basis of twin production in Tibetan sheep,
find the main genes and molecular markers of twin
production, and carry out molecular breeding. Here, we
identified and analyzed different proteins in ovarian tissue
of Tibetan ewes, with a history of producing single and
twin ewes, at different stages of follicular development
using label-free mass spectrometry and identified signal
pathways and molecular mechanisms that have an impact
on twin production in Tibetan sheep.

MATERIAL AND METHODS

Approval was granted by the Animal Care Committee
of Qilu Normal University, China, for all the animal
related protocols (QLNU-2019-10-0014). Furthermore,
for slaughtering the animals, approval was granted by the
National Administration of Mutton Sheep Slaughtering
and Quarantine (Qinghai, China, 20200407).

Study Location

This work was carried out in the Hainan Tibetan
Autonomous Prefecture, Qinghai Province, China, located
at an altitude of more than 3200 meters from sea level
in southeastern Qinghai-Tibetan Plateau, which has a
desiccated cool climate.

Animals and Sample Collection

Twenty-four healthy Tibetan ewes (3-4 years old, 2 lambing
records) from Wayu town, Qinghai province, China, were
chosen. Twelve were sheep that produced twins (T group)
and 12 produced singletons (S group). All experimental
sheep were healthy, free of reproductive diseases, and
without hormone treatment. All ewes were not pregnant.
The experimental sheep were slaughtered during estrus
(October 2020, Dayl and Day 11 of estrus cycle) and
anestrus (April 2020), respectively. Three ewes each of
different lambing types slaughtered at each stage. The
reproductive state of the ewes (estrus) was identified based
on the combination of ram test and vulvar observation.
The ewes were deemed in estrus when they accepted
mounting by the rams aged 2 to 3 years with high serving
capacity as teasers with canvas apron conducted by leash.
Experimental ewes were killed by bloodletting via the
carotid artery at 7 a.m. before feeding and watering. The
ovaries of Tibetan ewes were collected in accordance with
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approved guidelines ', and ovary samples were peeled
and washed to remove all surface fat and ligaments. The
ovaries were then transferred to sterile plastic tubes and
stored at -80°C.

Ovary Samples Proteomics Collection and Measurement

The surface contaminants from the Tibetan sheep ovary
were washed away with the help of phosphate buffer saline
solution before their transfer to 1.5 mL centrifugal tubes.
Prior to proteomics analysis, samples were kept at -80°C.
Proteomics analysis was carried out by SMBPT Co., Ltd
(China, Shanghai). Each group had 3 replicates. First, the
lysis buffer method was used for protein extraction 7.
Next, 250 pg of protein was digested by complying with
the described FASP procedure. Q Exactive TM mass
spectrometer and Easy nLC system (Thermo Fisher
Scientific, MA, USA) was used to perform label-free mass
spectrometry (MS). For the analysis of MS data, we used
Max Quant software while the UniProt database (Ovis aries
https://www.uniprot.org/uniprot/?query=0vis+arieseé~sor
t=score) was accessed for reference. Relative quantitative
real-time PCR (qPCR) was performed to determine the
copy number of target genes. RT-PCR system was 20 pL:
2xPerfectStart@Green qPCR SuperMix 10 pL, 1 pL of
primers (0.5 pL each for F primer and R primer), 1.5 pL
of 50 mg/uL template cDNA, and RNase-free ddH20 8
uL. Reaction conditions: pre-denaturation 94°C for 30 s;
denaturation 94°C for 5 s, annealing 60°C for 30 s, 72°C
for 40 cycles. The primers were synthesized at Shanghai
Biological Engineering Ltd., China (Table I).

Statistical Analysis

Differential proteomics analysis was conducted by Applied
Protein Technology (Shanghai, China). 5800 MALDI-
TOF/TOF (AB Sciex, USA) was used for mass spectrometer
(MS) data analyses. For quantitative analysis, a protein
must have at minimum of one unique peptide match with
the MS ratios. A 21.5 or <1.5-fold cutoft value was used
to identify up-regulated and down-regulated proteins
with a P-value <0.05. We passed all the identified proteins
through the Blast2GO program for functional annotation

Table 1. Primer sequence of target genes

Gene Name Primer Sequences (5°-3’)

GDE9 F: ACTGAATGAATAGGGTGTTG
R: ATCTGTACCATATCTAAGTCC

BMPRIB F: CCGCTCGAGAACATGCTTTTGCGAAGTTCAG
R: CGCGCGATCCCAGAGCTTAATGTCCGGGACT
F: AAGCTGCGTGATGATGAAATCG

LR R: CTCCCGCAGACACCTTCTCC
F: AACGAAGACTTCAAAGACACTT

A 1315 R: CTTCACTGGTCAGCTCCTCCCC
F: CTCTGCGGCATTATCACA

Cu/Zn-SOD | p. GGAAAAGCCATAGAAGGT

as well as classification against the UniProt database
which contains cell components along with the biological
process and molecular function. Furthermore, we applied
the search pathway tool from the KEGG Mapper platform.
Fisher’s exact test was used to test for significant pathway
enrichment. Pathways that had an adjusted P value of
<0.05 were deemed significant. DPEs were used for cluster
analysis. GeneMANIA was used to predict both physical,
as well as functional, interactions among genes/proteins.
Finally, the PPIs were analyzed.

RESULTS

Changes in Proteome Profiles During Anestrus and
Estrus Season

Single and twins producing Tibetan ewes of similar age
exhibit differences in protein composition of ovarian
tissue during different stages of follicular development.
2508 proteins and 57 differential proteins were detected
during the anestrus season. In twin ewes expression of 43
proteins were up-regulated and 14 proteins were down-
regulated compared with single ewes; 2664 proteins, with
69 differentially expressed proteins, were detected in the
1** day of ewe estrus period. In twin ewes 39 proteins
were up-regulated and 30 proteins were down-regulated
compared with single ewes; 2704 proteins and 96
differentially expressed proteins were detected during the
11* day of ewe estrus (Fig. 1). The expression of 16 proteins
in twin ewes were up-regulated and 80 proteins were
down-regulated compared with single ewes. On the 11"
day of the ewe estrus period, there were significantly more
differentially expressed protein compared to during the
ewe anestrus season and the 1°t day of ewe estrus period,
indicating that on the 11" day of estrus (Fig. 2). There was
an increase in ovarian activity. The protein expression of
GDF9, BMPR-1B and MTHEFR in twin producing ewes
was lower than that of single lamb producing ewes during
estrus period, but the expression trend of these genes
during estrus period was opposite to that of the anestrus
season.; The expression trend of Cu/Zn-SOD was opposite
on the 1% day and 11" day of the ewe’s estrus period.

Gene Ontology (GO) Analyses

To explore biological functions associated with differentially
expressed proteins, enrichment analysis in the Gene
Ontology (GO) was used (Fig. 3). Using GO, we identified
cellular components, molecular function and biological
process. There were 21 terms in cellular components,
which were mainly related to the following terms: enriched
in cytoplasm, cytoplasmic matrix, nucleus and calcium
complex. A total of 31 molecular function terms were
enriched. These included ATP binding, signal transduction,
calcium binding, oxygen transport activity, growth factor
activity, DNA binding and carbohydrate binding. There
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5 season

11th of estruﬂ season

Fig 1. Differentially expressed proteins in three follicular development stage of Tibetan ewes. Three replicates for the double lambing group
(T) and three replicates for the single lambing group (S). The image presents the relative abundance of proteins using different colors, where
deeper red represents higher intensity and blue represents lower intensity
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Fig 2. Differentially Expressed Proteins (DEPs) Cluster Evaluation in three follicular development stage of Tibetan ewes. Down was the DEPs
of twins lambing group (T) were less than single lambing group (S); Up was the DEPs of twins lambing group (T) were more than single
lambing group (S); None was the DEPs of twins lambing group (T) were no significant differences than single lambing group (S)
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Fig 3. Differentially Expressed Proteins (DEPs) GO Evaluation in Tibetan ewes

were 35 enriched terms related to biological processes.
These include oxidative phosphorylation, oocyte meiosis,
signal transduction, BMP signal pathway, growth factor
receptor signal pathway, C21 steroid hormone metabolism
and fatty acids B oxidation process. Enriched biological
processes in twin producing sheep are ovarian specific
proteins including oxidative phosphorylation, oocyte
meiosis, signal transduction and C21 steroid hormone

metabolism which were all were up-regulated. These
accounted for about 54% of the total number of up-
regulated proteins in the ovary. Some proteins related to
transcription regulation, protein translation and protein
modification. These proteins were also up-regulated
(accounting for 7% of the total up-regulated proteins);
proteins related to intracellular pyrimidine synthesis
accounted for about 4% of the up-regulated proteins. The
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Statistics of Pathway Enrichment

Oxidative phosphorylation pathway | KEGG PATHWAY 4
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synthesis, processing and transportation rate of protein in
the ovaries of twin producing sheep were all accelerated,
intracellular and extracellular signal transduction were
enhanced, and the level of anaerobic respiration and
metabolism was improved. BMP signaling and growth
factor receptor signaling pathways were down-regulated,
accounting for 26% of the total down-regulated proteins
in the ovary. Fatty acids, B Oxidation, lipid, and small
molecule transport were also partially down-regulated
(accounting for 13% of the down-regulated proteins),
indicating that the rate of transport and metabolism of
small organic molecules such as amino acids and biotin
decreased in the cells of twin producing sheep, and the
aerobic respiration in the ovarian cells decreased.

Kyoto Encyclopedia of Genes and Genomes (KEGG)
Analyses

The major pathways associated with differentially expressed
proteins were identified using KEGG pathway analysis
(Fig. 4). A total of 99 differentially expressed proteins
across 63 pathways were significantly enriched (P<0.05). Of
these, 34.6% of the up-regulated protein and 48.3% of the
down-regulated protein were enriched. The significantly
up-regulated pathways in twin producing sheep were
oxidative phosphorylation (phagosome and endocytosis),
oocyte meiosis, extracellular matrix receptor interaction,
and cell adhesion, indicating that the activity of ovarian
cells in twin producing Tibetan sheep was increased and
the material exchange between cells was more frequent.

Amino acid (lysine, valine, leucine, isoleucine) and fatty
acid degradation, TGF-f signalling pathway and GnRH
signalling pathway were significantly down-regulated in
twin producing sheep. The degradation of related amino
acids synthesizing Smads family proteins was significantly
inhibited in the ovarian cells of twin producing sheep.
Intracellular metabolic efficiency decreased, and the
degradation process of amino acids and fatty acids
appeared.

Protein-Protein Interaction Network (PPI Network)
Analyses

Protein networks among the 99 proteins were analyzed via
STRING https://string-db.org/cgi/input.pl (Fig. 5). Among
the screened up-regulated differential proteins, ribosomal
proteins interacted with glycolysis related proteins. Among
the down-regulated differential proteins, lipid metabolism
related proteins interacted. These differentially expressed
proteins created a complex network of interactions.
Interestingly, GDF9, BMPR-1B, MTHFR and Cu/Zn-
SOD were at the intersection of this interaction network,
indicating that they were relatively active during different
stages of follicular development. Protein expression of
GDF9, BMPR-1B and MTHEFR in twin producing sheep
was higher than that of single lamb producing sheep during
anestrus season, but the expression trend is opposite during
estrous season. Expression trends of Cu/Zn-SOD were
opposite during the 1* day of anestrus, estrus and during
the 11™ day of estrus.
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Fig 5. Differentially Expressed Proteins
(DEPs) PPIs Evaluation in two follicular
development stage of Tibetan ewes. The
green zone was the differentially expressed
proteins in twins lambing sheep higher than
that in single lambing sheep; The red zone
was the differentially expressed proteins in
twins lambing sheep lower than that in single
lambing sheep

Fig 6. Effects of different litter size on the
differentially expressed proteins coding genes
in Tibetan sheep ovary in aneustrus and
estrus seasons
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The gene expression of GDF9, BMPR-1B and MTHFR
in twins trait sheep was higher than that in single trait
sheep at anestrus season, but the expression trend is
opposite at estrous season (P<0.05) via RT-PCR, however,
the gene expression of Cu/Zn-SOD were opposite at the
1% of anestrus, estrus and at 11" of estrus (P<0.05). In
summary, the results of selected differentially expressed
proteins coding genes by RT-PCR were the same
expression tendency of the label-free analysis (Fig. 6). The
RT-PCR assay illustrated that the label-free results were
reliable for further analyses.

Tibetan sheep production has been the main revenue
source of Tibet plateau residents. Sheep reproductive
performance is economically important for the sheep
industry and plays a key role in the development of the
sheep industry ""l. Sheep fertility has complex molecular
regulatory mechanisms and the regulatory mechanism
controlling sheep reproductive performance is an exciting
research area. At present, research on lambing traits of
sheep at home and abroad mainly focuses on gene poly-
morphism 192, There are few reports on sheep proteins
from the perspective of proteomics. Studies show that
molecular regulation of tissues and cells depends on many
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cytokines and catalytic enzymes. Most cytokines and
catalytic enzymes are essentially proteins 1*!l. Therefore,
proteins drive cellular activities. Twin production in sheep
is related to many factors including the development
of ovarian follicles and ovulation frequency. Seasonal
estrus, which results from changes in both ovarian
function and hormonal secretions during the different
seasons, is a critical factor limiting sheep fecundity
and productivity 2. Expression regulation in sheep
ovarian tissue is important for understanding follicular
development and ovulation regulation. The ovulation
number of sheep controls lambing traits, and the ovary
is the main site of follicular development and ovulation
in animals. In the ovary, the morphology and function of
the follicles change continuously with the different stages
of development, during which the cells need to synthesize
sufficient amounts of biomolecules to ensure normal
cell proliferation and differentiation **?*l. This may be
an important physiological mechanism, explaining
differences of the ovarian proteome between twin- and
singleton-producing Tibetan ewes during different stages
of follicular development.

Follicular development depends on the mutual regulation
of oocytes, surrounding granulosa cells, and theca cells.
The initiation of primordial follicle development is
related to various factors secreted inside and outside the
follicle, and neurotransmitters or signal transmission
between oocyte granulosa cells . Basic fibroblast growth
factor, stem cell factor, leukemia inhibitory factor, nerve
growth factor, bone morphogenetic protein, insulin
and keratinocyte growth factor can induce the initial
recruitment of primordial follicles and develop into
mature follicles *. The ovarian proteome of Tibetan
sheep with recorded differences in twin production were
screened and analyzed by label-free Mass Spectrometry at
different stages of follicular development. Results showed
that of 2706 proteins 99 were differentially expressed. Of
2508 proteins, 57 were differentially expressed during ewe
anestrus. Expression of 43 proteins in twin-producing
ewes was up-regulated and expression of 14 proteins
was down-regulated compared with single ewes; 2664
proteins and 69 differentially expressed proteins were
detected in the 1% day of ewe estrus period. Expression
of 39 proteins was up-regulated and expression of 30
proteins was down-regulated in twin-producing ewes
compared with single ewes. On the 11" day of ewe estrus,
2704 proteins and 96 differentially expressed proteins
were detected. The expression of 16 proteins in twin-
producing ewes was up-regulated while expression of
80 proteins was down-regulated compared with single
ewes. Differentially expressed proteins in twin-producing
sheep were related to oxidative phosphorylation, follicular
growth and development, signal transduction, growth
factor receptor signal pathway, fatty acid degradation,

tricarboxylic acid cycle, lipid metabolism, BMP signal
pathway, TGF-p signaling pathway, metabolism of C21
steroids, and fatty acids . Expression decreased significantly
during oxidation. GDF9, BMPR-1B, MTHFR and Cu/
Zn-SOD are relatively active during different stages of
follicular development in ewe reproductive cycle. Our
study showed that the protein expression of GDF9,
BMPR-1B and MTHEFR in twin-producing sheep was
higher than in singleton-producing sheep during anestrus
season. The expression trend is opposite during estrous
season. Expression trends of Cu/Zn-SOD were opposite
at the 1% of anestrus, estrus and at 11" of estrus.
BMPR-1B, a member of BMPs, is a major gene affecting
ovine ovulation rate, and plays a pivotal role in follicle
development and litter size .. During anestrus, ovarian
physiological activity is reduced with the follicular stage
not developing. During the selection of the dominant
follicle, the expression of BMPR-1B protein in the
follicular granule cells declined followed by an increase
in follicle size. Granular cells in atretic cells continued
to demonstrate high expression of BMPR-1B mRNA 2%,
Studies of the FecB gene have shown that the signaling
pathway in FecB mutant ewes leads to increased intensity
of signaling to downstream receptors during follicular
development, promotes steroid production, and alters
SMAD expression and phosphorylation status, leading to
reduced follicular granulosa cell apoptosis, early follicular
maturation, and increased ovulation numbers °.. This is
the same result as the enrichment of the KEGG pathway.
cAMBP, as the second messenger of hormones, activates
protein kinase, enhances the activity of metabolic enzymes,
strengthens the synthesis of proteins in vivo, and induces
hormones (such as growth hormone, follicle stimulating
hormone, etc.) or enzyme synthesis to promote the body’s
anabolism. In the ovary, follicle stimulating hormone
increases the synthesis of estradiol and progesterone
through the cAMP pathway °*!. Growth differentiation
factor 9 (GDF9) belongs to the growth differentiation
factor-p superfamily, which is only expressed in ovaries
or oocytes, and has an important impact on follicular
growth and development, and reproductive function 2.
GDF9 is an oocyte derived growth factor that affects
ovine ovulation in a dose-dependent manner and is
expressed at all stages of ovine follicular development.
GDF9 can affect the distribution of organelles in oocytes,
the integrity of the zona pellucida, stimulate granulosa
cell proliferation, inhibit the differentiation of granulosa
cells induced by FSH, regulate the expansion of cumulus,
stimulate the formation of follicular membrane, and affect
the synthesis of hormones in ovary /. A mutation in the
methylenetetrahydrofolate reductase (MTHFR) gene will
lead to a decrease in folate metabolism, DNA methylation,
and increase concentration of homocysteine in plasma,
resulting in disorders of biological processes such as cell
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cycle regulation, DNA replication, and DNA and protein
modification BY. Superoxide dismutase (SOD) is an
important biological antioxidant enzyme and plays a very
important role in the immune system of organisms. Cu/
Zn-SOD can inhibit the mitosis and meiotic maturation
of oocytes !, Transgelin in the ovary will prevent the
formation of ara54 dimers, thus blocking the combination
of androgen receptors and ara54, resulting in the retention
of androgen receptors in the cytoplasm, changing the
transmission pathway of downstream signals, and then
affecting the reproductive performance of animals . The
regulation and expression of GDF9, BMPR-1B, MTHFR
and Cu/Zn-SOD were significantly different in ovarian
tissues of Tibetan sheep of different lambing types. The
regulation of these differentially expressed proteins and
their protein pathways can significantly affect follicle
development and ovulation, and a more in-depth study
of this as a candidate target protein for Tibetan sheep
double lambing can effectively elucidate the intrinsic
molecular mechanisms of Tibetan sheep double lambing
traits and provide a basis for subsequent studies of Tibetan
sheep double lambing production. This study is not only
beneficial to the research and utilization work on the
double lamb trait of Tibetan sheep, but also to the in-
depth research on the breeding power of Tibetan sheep
and to promote the development of animal husbandry in
the Tibetan Plateau region.
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Abstract: The aim of this study was to compare haptoglobin, ceruloplasmin, some macro mineral levels and hematological parameters in cow
with adhesive and non-adhesive traumatic reticuloperitonitis (TRP). For this purpose, 20 cow with adhesive TRP constituted group 1 (G1), 20
cow with non-adhesive TRP constituted group 2 (G2), and 20 healthy cow formed the control group (C). Blood samples were taken from cow
with clinical suspicion of TRP, and the inflammation status was examined by performing the glutaraldehyde test. As a result of radiographic
inspection, it was decided to perform rumenotomy for the cows determined that the foreign body had penetrated the reticulum. The cows
were divided into groups according to the presence or absence of adhesion during the rumenotomy. Total leukocyte count was found to be
significantly higher in G1 compared to G2 and C. Calcium, magnesium, phosphorus and albumin were found to be significantly lower in G1
and G2 compared to the C (P<0.05). Haptoglobin and ceruloplasmin were determined to be at the highest level in G1 compared to the other
groups (P<0.05). In this study, detection of positive acute phase proteins with higher levels of G1 and lower levels of albumin was found to be
important. In conclusion, we think that these parameters will provide important information in determining the presence of adhesion in cows
with TRP. In addition, according to the information obtained from the cow owners after rumenotomy, it was learned that the general health
status of the cows in G1 was distressed. In the light of these data, the relevant parameters before rumenotomy can give an idea for prognostic
evaluation in TRP.

Keywords: Ceruloplasmin, Cow, Haptoglobin, Prognosis, Traumatic reticuloperitonitis

Adeziv ve Non-adeziv Travmatik Retikuloperitonitisli Ineklerde
Haptoglobin ve Seruloplazmin Diizeylerinin Prognostik Degeri

Oz: Bu ¢alismanin amaci adeziv ve non-adeziv retikuloperitonitis travmatika’li (RPT) ineklerde haptoglobin, seruloplazmin, bazi makro
mineral diizeylerinin ve hematolojik parametrelerin karsilastirilmasi ve ayirici tanisal onemi belirlenmeye ¢alisilmistir. Bu amagla ¢aligmada
adeziv RPT’li 20 inek grup 1 (G1), non-adeziv RPT’li 20 inek grup 2 (G2) ve saglikli 20 inek kontrol grubu (K) olarak belirlenmistir. Klinik
olarak RPT siiphesi olan sigirlardan kan 6rnekleri alinarak gluteraldehit testi ile yangi durumu incelendi. Radyografik goriintiileme ile tan
konulduktan sonra sigirlara rumenotomi yapildi. Rumenotomi sirasinda adezyon olup olmamasina gore sigirlar gruplara ayrildi. Toplam
16kosit sayis1 G1'de G2 ve kontrole gore anlamli yiiksek bulundu. Kalsiyum, magnezyum, fosfor ve albumin seviyeleri G1 ve G2'de K grubuna
gore 6nemli derecede diisiik bulundu (P<0.05). Pozitif akuz faz proteinleri olan haptoglobin ve seruloplazmin diger gruplara kiyasla G1de en
yiiksek seviyede oldugu belirlendi (P<0.05). Bu ¢aligmada, G1'de pozitif akut faz proteinlerinin yiiksek diizeyde ve albuminin ise daha diigiik
diizeyde saptanmasi 6nemli bulunmustur. Sonug olarak bu parametrelerin RPT’li ineklerde adezyon varliginin belirlenmesinde 6nemli bilgiler
saglayacagini diisiiniiyoruz. Ayrica rumenotomi sonrasi inek sahiplerinden alinan bilgilere gére G1deki ineklerin genel saglik durumlarinin
sikintili oldugu 6grenildi. Bu veriler 1s1g1nda rumenotomi 6ncesi ilgili parametreler RPT'de prognostik degerlendirme igin fikir verebilir.

Anahtar sézciikler: Haptoglobin, inek, Prognoz, Retikuloperitonitis travmatika, Seruloplazmin

INTRODUCTION and complications due to penetration of sharp pointed

foreign bodies ingested with feed to the reticulum . The
Traumatic reticuloperitonitis (TRP) is a disease resulting reasons for the frequent occurrence of TRP in cow are
in the development of various degrees of inflammation that they do not use their lips while taking feed in, they
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have no sense of detecting foreign body, they take their
food voraciously and swallow it quickly without chewing
in large masses, their sensitivity and sense of taste of the
tongue is underdeveloped, their papillae on the tongue are
turned backward, and their esophagus is wide and produce
excessive saliva *¢). Many factors cause the formation of
the disease including insufficient feeding, pica, penetrating
objects randomly thrown into the environment and
carelessness of the caregivers in preparing the feed.
Foreign bodies coming into the reticulum after ingestion
often puncture the reticulum wall and cause local or
diffuse peritonitis. Sometimes, it causes more serious
complications by sinking into the liver, kidney, spleen,
lung and heart, causing various degrees of inflammation
in these organs 7'%. As a result of inflammation in
the pathophysiology of TRP, the amount of fibrinogen,
which is an acute phase protein, increases and will reveal
the risk of adhesion formation P As a result of these
complications, many hematological and biochemical changes
can occur in cow with TRP and serum calcium, magnesium,
phosphorus and albumin levels are decreased. As a result
of TRP, diffuse inflammation, intestinal malabsorption,
liver dysfunction and anorexia can result in a decrease in
negative acute phase protein albumin, calcium, magnesium
and phosphorus concentrations »*!""1*. Acute phase
proteins are classified according to their increase or
decrease after infection. Those that increase after infection
are called positive acute phase proteins (e.g., haptoglobin
and ceruloplasmin), those that decrease are called negative
acute phase proteins (e.g., albumin) *). Acute phase
proteins are proteins produced by the liver as a result of
inflammation, tissue injury, infection, neoplastic growth
or immunological disorders. The functions of these proteins
include protecting the organism from further injury,
clearing harmful molecules and residues for the organism,
activating the repair process necessary for the organism to
return to its normal function and restoring homeostasis.
Although there are many acute phase proteins known
today, important acute phase proteins for cattle include
haptoglobin, serumamyloid A, fibrinogen, albumin, alphal
acid glycoprotein. There is an increase in positive acute
phase proteins and a decrease in negative acute phase
proteins in cattle with TRP Bl Many studies have been
reported on the importance of acute phase proteins in
different animal diseases. In calves with diarrhea !
peripartum period sheep "¢/, Holstein cows !'”), in neonatal
calves with diarrhea '8! cattle with brucellosis ", cows
with endometritis %, cattle with foot and mouth disease 2!,
Hypoderma spp. infested cattle *, infectious respiratory
system diseases complex in cattle *, normal and power-
bearing cows *!, sheep infected with Streptococcus
pluranimalium *°, calves with pneumonia ! acute phase
proteins have been investigated on different animals
and diseases.

We planned to conduct this study to determine which
operation or platform treatment should be preferred
according to the level of acute phase proteins determined
in TRP and to determine the importance of measuring the
level of acute phase proteins in this decision. In this study,
it was aimed to compare the haptoglobin, ceruloplasmin
and some macro mineral levels of the cow in the adhesion-
formed TRP group compared to the cow in both the
control group (C) and the non-adhesion group, and also
to evaluate these parameters in terms of diagnosis.

MATERIAL AND METHODS
Ethical Statement

This study was conducted by the approval of the Local Ethics
Board for Animal Experiments of Kafkas University (KAU-
HADYEK), Research Code: KAU-HADYEK-2021/103),
Kars, Turkiye.

Animals

In the study, 20 cows with adhesive TRP, 3-6 years old,
Simmental, with clinical complaints of anorexia, pain,
depression, hunched posture were diagnosed as TRP
following clinical and radiographic examinations. Cases
were brought to the clinic between 3-7 d after clinical
symptoms appeared. A total of 60 cows have similar
clinical symptoms, 20 with adhesive TRP in group 1 (G1),
20 with non-adhesive TRP in group 2 (G2), and 20 healthy
cows in the C, were included. In our study, 65% of the
cows with TRP gave birth in the last period of pregnancy
and 35% of them gave birth recently. C group animals
consist of cows of the same age, breed and characteristics,
brought from the same barns to our faculty clinic for
control purposes. Healthy animals consist of cows of the
same age, breed and characteristics, brought to our faculty
clinic for control purposes, in the same barn conditions
as the sick ones. Since approximately 65% of the cows
in the TRP groups were pregnant at last term, 65% of
the cows in the C group were also selected from those
in the last term. Adhesion was determined during the
rumenotomy.

Blood Samples

All cows were blood sampled once by withdrawing 10
mL blood from the jugular vein into serum tubes with gel
(BD Vacutainer®, BD, UK) and tubes with K,EDTA (BD
Vacutainer®, BD, UK). Blood samples taken for serum
were kept at room temperature for about one hour and
centrifuged at 3000 RPM for ten min (Hettich Rotina
380R°, Hettich, Germany). All blood samples were stored
at -20°C until analysis.

Biochemical and Hematological Analyses

Blood samples in K,EDTA were assessed for total leukocyte
count (WBC x10°/uL) and other hematological parameters
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using a complete blood cell count device (VG-MS4e®,
Melet Schloesing, France). Complete blood cell count
was measured within 15 min immediately after blood
collection. Serum calcium, phosphorus, and magnesium
were measured with a fully automatic biochemistry device
(Mindray BS120°, Mindray Medical Technology, Tiirkiye).
Haptoglobin was determined as reported by Skinner
et al.””], ceruloplasmin was measured by the method of
Colombo and Richterich ?®, and albumin was measured
colorimetrically on device (Epoch, Biotek, USA) using a
commercial test kit (Biolabo, France).

Glutaraldehyde Test

The test was performed by mixing 2 mL of blood and 2
mL of 1.4% glutaraldehyde solution. The mixture was put
into a 10 mL glass tube. It was turned upside down at 30
sec intervals. Coagulation within 15 min was considered
positive. Test result was considered as clotting between
0-5 min severe, 5-10 min moderate and 10-15 min mild
inflammation. Coagulations longer than 15 min were
considered normal 1%,

Radiography

Radiographic images of patients with suspected TRP were
taken for definitive diagnosis. Reticulum and diaphragm
border were evaluated in radiological examination.
Dynamic brand ceiling static x-ray device and FCR prima
brand (Fyjifilm FCR Prima T2 Veterinary Set®, Medical
Technology, Tirkiye) imaging unit were used in the
radiological evaluation. For this purpose, irradiation doses
between 20-40 mA and 80-95 kW were adjusted according
to the size of each cow. Radiographic images were taken
by irradiation at a distance of 75 cm between the tube and
the cassette. Then, the reticulum, diaphragmatic border
and chest cavity were examined in detail for the presence
of foreign body.

Rumenotomy

Rumenotomy was performed in the patients with foreign
body detected as a result of radiological as well as other
clinical examinations. The left fossa paralumbalis was
prepared for the operation. After shaving and disinfection
of the operation area (70% ethyl alcohol + 10% povidone
iodine), local infiltrative (reverse L) anesthesia was applied
using lidocaine (Vilcain®, Vilsan, Tiirkiye). Following
anesthesia, a 12-15 cm long straight incision was made
from the proximal to the distal 7-8 cm caudal to the
last ribs, 5-6 cm below the processus transversus of the
lumbar vertebrae. After incising the skin, subcutaneous
connective tissues, muscles and peritoneum, the rumen
were exposed. Before the rumen was opened, the abdominal
cavity was examined in detail by inspection and
palpation (trans-peritoneal exploration) for adhesions.
Then the foreign body was removed from the reticulum by
performing routine rumenotomy and all incised layers were

closed using appropriate suture materials. Postoperative
medications were prescribed and the patient was dis-
charged.

Statistical Analysis

Data were given as mean + standard error of mean
(SEM). The groups were in accordance with the normal
distribution according to the histogram, Q-Q graph
method and Shapiro-Wilk test. The one-way ANOVA
test was used for multiple comparisons of the groups, and
the Tukey HSD test was used for post-hoc comparisons.
SPSS (SPSS Version 26.0°, Chicago, IL, USA) program was
used for all statistical analyses. The differences between
the groups in terms of the parameters examined were
considered significant at the P<0.05 level.

RESULTS

Clinically, anorexia, depression, hunched posture, abdominal
pain and groaning were determined in cows with TRP.
In addition, 14 cows in G1 were pregnant for 6 months
or more, and 6 of them gave birth within 10 d to 3
months. 12 cows in the G2 group were pregnant for 6
months or more, and 8 of them gave birth within 10
days to 3 months. Physical examination findings (rectal
temperature, respirations per minute and pulse rate) of
all cows in the study were given in the Table 1. A partial
increase was observed in the mean rectal temperature,
respiratory and pulse rates per minute of cows in G1
and G2 compared to the C. While the total leukocyte,
neutrophil, and lymphocyte counts were found to be high
in TRP, the hemoglobin and red blood cell counts were
found to be low (Table 1). Serum calcium, phosphorus,
magnesium, albumin, haptoglobin and ceruloplasmin
levels of cows in all groups were shown in Fig. I. While
calcium, magnesium, phosphorus and albumin levels
were found to be lower in the patient groups compared
to the C (P<0.05, Fig. 1-A,B,C,D), positive acute phase
proteins haptoglobin and ceruloplasmin were found to be
significantly higher (P<0.001, Fig. I-E,F).

Glutaraldehyde Test Findings

Glutaraldehyde test revealed very severe inflammation
in 16 cows, moderate inflammation in 3 cows, and mild
inflammation in 1 cow in GI. Six of the cows had very
severe inflammation, 9 had moderate inflammation, and
5 had mild inflammation in G2. C had tested normal with
glutaraldehyde.

Radiological Findings

In the radiological examination, it was observed that the
foreign body penetrated the reticulum and passed into the
abdominal cavity in 23 of the patients. Of these, 15 were
in the direction of the base of the reticulum, and 8 of them
were in the direction of the diaphragm (Fig. 2-A). In 6 of
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Table 1. Hematology and physical examination findings of cow with traumatic reticuloperitonitis and control group

Groups (Mean + SEM)
Parameters P Value
G1 G2 C

Body temperature (°C) 38.67+0.28 38.43+0.26 38.23+0.12 0.364
Breaths/min. 27.80£1.82 29.7046.11 19.60+0.88 0.140
Heart beats/min. 75.40£4.60 73.80£5.90 65.60+1.78 0.263
Total leukocytes count (x10°/pL) 23.55+1.90° 13.00+1.56" 8.35+0.50° <0.001
Lymphocytes (%) 46.31+9.34% 25.28+2.28" 48.18+5.32° 0.030
Monocytes (%) 4.41+0.73® 2.22+0.30° 6.89+1.47% 0.008
Granulocytes (%) 49.28+9.95%® 72.50+2.47° 44.89+6.47° 0.021
Lymphocytes count (x10°/pL) 11.20+2.74* 2.78+0.39" 4.03+0.55" 0.002
Monocytes count (x10°/uL) 1.11+0.23* 0.26+0.03" 0.59+0.15% 0.004
Granulocytes count (x10%/uL) 11.24+2.66* 9.66+1.38® 3.73+0.57° 0.013
Red blood cell count (x10°/uL) 6.16+0.41° 8.18+0.75* 7.77+0.48 0.042
Mean red cell volume (fL) 45.97+2.31 51.64+1.49 43.50+2.88 0.052
Hematocrit (%) 28.18+2.36° 42.37+£4.45* 32.20+1.90%® 0.010
Mean erythrocyte hemoglobin (pg) 13.28+0.56" 15.18+0.49* 13.85+0.42% 0.033
Mean erythrocyte hemoglobin volume (g/dL) 29.24+0.93° 29.57+0.92° 34.61+1.84* 0.011
Erythrocyte distribution width (fL) 14.02+0.65 12.36+0.27 13.74+0.47 0.052
Hemoglobin (g/dL) 8.19+0.64° 12.27+0.98° 10.30+0.49% 0.002
Platelet count (x10°/uL) 568.10+£72.20 840.50+172.93 525.40+103.44 0.167
Mean platelet volume (fL) 6.91+0.08 6.72+0.07 6.86+0.09 0.249
Platelets (%) 0.39£0.05 0.57+0.12 0.43+0.07 0.310
Platelet distribution width (fL) 6.81+0.11 6.48+0.22 6.22+0.21 0.100

C: Control group

»t The mean values with different letters in the same line represent the difference between patient and control groups (P<0.05). The number of cow in
all groups is 20; SEM: Standard error of mean; G1: Adhesive traumatic reticuloperitonitis group; G2: Non-adhesive traumatic reticuloperitonitis group;

the other 17 cases, foreign bodies were observed within
the borders of the reticulum while attached to the magnet;
In addition, when the cases were examined in terms of the
diaphragm border, it was observed that the diaphragm
border was irregular in patients with a foreign body
penetrating the reticulum and passing into the abdominal
cavity. Abscession was observed at the diaphragm border
in 3 of the cases. In non-adhesive cases, it was observed
that the foreign body was embedded in the surface of
the reticulum or appeared free, and the borders of the
diaphragm and reticulum were regular (Fig. 2-C).

Intraoperative Findings

When the abdominal cavity was examined during the
operation, it was observed that the adhesions were very
severe in cases in which foreign bodies penetrating the
reticulum and passed into the abdominal cavity (Fig. 2-B).
On the other hand, adhesions were found to be more
minimal in cases in which foreign bodies penetrated the
reticulum but did not pass into the abdominal cavity, and

in cases in which foreign bodies were found to appear free
in the reticulum. It was observed that the border of the
diaphragm and reticulum was regular in non-adhesive
cases where the foreign body was embedded in the
surface of the reticulum or the foreign body appeared to
be free in the reticulum (Fig. 2-D). It was remarkable that
abdominal adhesions were very severe in patients with
positive glutaraldehyde test in clinical examinations. In
G1, the clinical symptoms were more severe, adhesion was
evident on radiographic imaging, severe inflammation
was found in the glutaraldehyde test, and the health status
of the majority was poor in the information obtained after
rumenotomy. In the first week after rumenotomy, cow
owners were called and their health status was learned.
According to the information given by the cow owners,
it was reported that the general health status of 60% (12
to 20) of GI cows and 15% (3 to 20) of G2 cows were
deteriorated. In our study, the majority of foreign bodies
causing TRP were wires (72.5%), and nails (17.5%) and
other metal objects (10%) were less common.
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Fig 1. Comparison of mean values of
serum calcium, magnesium, phosphorus,
albumin, haptoglobin and ceruloplasmin
levels of group 1, group 2 and control
group cow. A. Comparison of mean
serum calcium level of cow in group 1,
group 2 and control group (P<0.001), B.
Comparison of mean serum magnesium
level of group 1, group 2 and control
group cow (P<0.001), C. Comparison of
mean serum phosphorus level of group 1,
group 2 and control group cow (P<0.001),
D. Comparison of mean serum albumin
level of group 1, group 2 and control
group cow (P=0.006), E. Comparison of
mean serum haptoglobin level of group
1, group 2 and control group cow
(P<0.001), F. Comparison of mean serum
ceruloplasmin level of group 1, group 2
and control group cow (P<0.001). Group
1: Adhesive traumatic reticuloperitonitis
group. Group 2: Non-adhesive traumatic
reticuloperitonitis group

Fig 2. Radiographic and rumenotomy
images of cows with adhesive and non-
adhesive traumatic reticuloperitonitis. A.
Radiographic image of a cow with adhesive
traumatic reticuloperitonitis. Radiographic
image of the foreign body penetrating the
reticulum and traveling in the direction of
the diaphragm and the image of the abscess
at the diaphragm border, B. Rumenotomy
image of a cow with adhesive traumatic
reticuloperitonitis, C. Radiographic image
of a cow with non-adhesive traumatic
reticuloperitonitis. In non-adhesive cases,
it was observed that the foreign body was
embedded in the surface of the reticulum
or appeared free, and the borders of the
diaphragm and reticulum were regular,
D. Rumenotomy image of a cow with
non-adhesive traumatic reticuloperitonitis.
It was observed that the border of the
diaphragm and reticulum was regular in non-
adhesive cases where the foreign body was
embedded in the surface of the reticulum or
the foreign body appeared to be free in the
reticulum
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The fact that 65% of the cows with TRP in our study were
at the last period of term and 35% had just given birth
supports the information that foreign bodies are taken
and penetrate with more feed in this period *¢. In the
present study, symptoms such as loss of appetite, weight
loss, deterioration of general condition, symptoms of pain,
signs of indigestion, hunched posture, and reluctance
to move were also reported in previous studies in cows
with TRP 230311 Studies have reported that metallic
objects causing TRP are wires and nails, and often the
cranioventral of the reticulum where it sinks **. In
animals with TRP, serious changes occur in blood para-
meters in the acute period. Initially, a severe leukocytosis
occurs depending on the severity and the complexity of
the infectious agents . In our study, leukocytosis
in GI and G2 was also present. In addition, a significant
increase was detected in the granulocyte, monocyte and
lymphocyte counts in G1 compared to the other groups,
while a decrease was observed in the platelet, erythrocyte,
hemoglobin and hematocrit percentages. Leukocytosis
and anemia might have been the result of TRP related
inflammation and bleeding. Studies have reported that the
glutaraldehyde test in TRP groups gives positive results
from inflammation compared to healthy groups ["*.. In
our study, we think that the reason why the total
leukocyte counts were higher in G1 than in G2 was
directly proportional to the severity of the inflammation.
Depending on the severity of inflammation, the amount
of neutrophils in the blood may increase. The fact that the
glutaraldehyde test showed more severe inflammation in
G1 than in G2 confirms this.

Changes in serum mineral levels were determined in
previous studies in cows with TRP . TRP causes
inappetence food intake and digestive system disorders 12,
and thus resulting in decrease of serum calcium and
phosphorus levels *'>**l. In the presented study, serious
decreases in serum calcium, phosphorus and magnesium
levels were found in the sick groups as a result of anorexia,
dilation of the digestive system due to peritonitis, and
ruminal stasis. In addition, the decreased serum calcium
level might be associated with hypoalbuminemia >*'). In
addition, since the advanced pregnancy rate in the TRP
groups was approximately 65% and the cows in the K
group had similar pregnancy status, they were included
in the study. In this way, the effect of pregnancy status on
mineral levels was minimized.

Acute phase proteins are proteins synthesized by the liver
in response to inflammation, tissue damage, infection,
and neoplastic growth. The amount of serum albumin
may decrease as a result of the destruction caused by
infections and inflammation ">***. In our study, serious

decreases were observed in G1 and G2 as the total
leukocyte count was higher than the C, positive glutar-
aldehyde test indicated severe inflammation, and food
intake was also stopped, as it could cause disruption in the
production of albumin, which is a negative acute phase
protein. Haptoglobin levels increase in cases of acute
infection, inflammation, and trauma *, while decreases
are observed in recovery or chronic stages ©*°l. It has
been reported that increased haptoglobin levels in cow
with TRP is due to the continuation of the traumatic
situation, stress and surgery **\. Stress can increase even
more in the disease . In our study, haptoglobin levels
were significantly higher in the sick groups, especially in
G1, compared to the C. This increase might have been the
result of the traumatic effect of TRP, developing peritonitis,
stress and severe inflammation. In addition, the fact that
the glutaraldehyde test indicates severe inflammation,
the high total leukocyte counts and the observation of
serious adhesions during the operation in G1 support
this increase in haptoglobin. Ceruloplasmin is used less
frequently for diagnostic purposes compared to other
acute phase proteins. It protects cells against oxidative
damage and has cytoprotective activity "> It is used in
determining the presence of infection and inflammation ).
In this study, serum ceruloplasmin level may have
increased in cows with TRP to protect cells more as a
result of peritonitis and severe inflammation. This may
also be the case in our study as inflammation was more
severe in G1 and the ceruloplasmin levels accordingly
increased more in G1.

In conclusion, haptoglobin and ceruloplasmin levels were
very high in G1, in whom adhesion was present, and
calcium, magnesium, phosphorus and albumin levels
were lower than the other groups. The evaluation of these
parameters before the operation in cows diagnosed with
TRP may provide important information in terms of the
presence of adhesion, the severity of the inflammation, the
chance of success of the operation and the diagnostic value.
We think that these parameters will provide important
information in the prognostic evaluation before rumeno-
tomy in TRP.
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Abstract: This study analyzed the 19 virulence genes (VGs) of 117 Glaesserella (Haemophilus) parasuis (G. parasuis) isolates from the nasal
cavities of live piglets from the south of China and assessed the associations between VGs and serovars, sequence types (STs) of these
isolates. The detection rate of 19 VGs ranged from 1.7% to 95.2%, with vac/ and clpP (95.7%) as the most prevalent. Of the 117 G. parasuis
isolates, 105 were assigned to ten distinct serovars (1, 2, 4-10 and 15), and twelve of the isolates tested were non-typable (NT). The serovar
10 (17.9%) was the most prevalent. The G. parasuis isolates belonging to the same ST and serovar harbored different VGs, and all isolates
exhibited considerable genetic heterogeneity. Significant correlations were found between VGs and serovars, different pathogenic serovar
groups, and members of clade 2 (based on ST). The results complement epidemiological data of G. parasuis and will help the scientific
community understand the extreme genetic diversity and pathogenesis of G. parasuis, which will aid in the development of G. parasuis vaccines.

Keywords: Glaesserella (Haemophilus) parasuis, Virulence gene, Serovar, Sequence type, Live piglet

Canli Domuz Yavrularinin Burun Boslugundan Izole Edilen Glaesserella
(Haemophilus) parasuis’in Viriilans Genleri Ile Serovar ve Sekans Tipleri
Arasindaki iliski

Oz: Bu ¢alismada, Cin'in giineyinde canli domuz yavrularinin burun bogluklarindan elde edilen 117 Glaesserella (Haemophilus) parasuis (G.
parasuis) izolatinin 19 viriilans geni (VG’ler) analiz edildi ve VG’ler ile serovarlar ve sekans tipleri (ST ler) arasindaki iliski degerlendirdi. 19
VG'nin pozitiflik oran1 %1.7 ile %95.2 arasinda degismekte olup, en yaygin (%95.7) vac] ve clpP genleri saptand1. 117 G. parasuis izolatinin
105’i on farkli serovar (1, 2, 4-10 ve 15) igerisinde yer alirken, test edilen izolatlardan 12’si serotiplendirilemedi (NT). Serovar 10 (%17.9) en
yaygin olaniydi. Ayni sekans tipi ve serovara ait olan G. parasuis izolatlar farkli VG’ler barindirir iken, tiim izolatlar 6nemli 6l¢tide genetik
heterojenite sergiledi. VG'ler ile serovarlar, farkli patojenik serovar gruplari ve ST tabanli monofiletik grup 2 (klad 2) tiyeleri arasinda 6nemli
korelasyonlar saptandi. Bulgular, G. parasuis’in epidemiyolojik 6zelliklerini tamamlamakta olup, bilim camiasina, G. parasuis etkenine kars1
as1 gelistirilmesine katki saglayacak genis genetik gesitliliginin ve patogenezinin aydinlatilmasi yoniinde yardimei olacaktir.

Anahtar sozciikler: Glaesserella (Haemophilus) parasuis, Viriilans gen, Serovat, Sekans tipi, Canli domuz yavrusu

To date, 15 serovars have been identified, in addition to
some non-typable (NT) strains [*. Serovar identification

INTRODUCTION

Glaesserella (Haemophilus) parasuis (G. parasuis), the
pathogen that causes Glésser’s disease, has brought huge
economic losses to the global swine industry 2. G. parasuis
is a commensal bacterium in the swine upper respiratory
tract that contains strains ranging from non-virulent to
highly virulent. Virulent strains can invade and cause
systemic disease under certain conditions .

of the isolates is the basis for designing vaccination
programs . Some earlier studies suggested that G. parasuis
serovars were virulence markers and could be divided into
three pathogenic groups ?. However, later studies found
that isolates allocated into non-pathogenic serovars can
also cause disease, and virulence of the isolates allocated
to the same serovar can vary greatly ©'!l. Thus, it remains
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unclear whether serovar can be used as a marker of
virulence in G. parasuis.

It is generally believed that a single virulence gene (VG)
may not be a decisive factor in triggering the pathogenesis
of multifactorial diseases such as Glisser’s disease,
and the pathogenesis of bacteria often depends on the
interaction and expression regulation of many VGs. Thus,
a comprehensive analysis of VGs in clinical isolates
may be helpful to predict the pathogenicity of novel G.
parasuis isolates as they are identified. Although the
characteristics of G. parasuis isolates from clinical cases
have been extensively studied, an in-depth analysis of G.
parasuis isolates from the swine upper respiratory tract
has not been performed. In this study, we analyzed the
characteristics, including serovars and VGs, of G. parasuis

Table 1. Primers used to amplify VGs

isolates from the nasal cavities of live piglets in the south
of China. Our results provide more information on the
epidemiology and pathogenesis of G. parasuis.

MATERIAL AND METHODS
Identification and Serotyping

Nasal swabs were collected from the nasal cavities of live
piglets without obvious clinical symptoms of Gldsser’s disease
between 2007 and 2016 in three provinces (Guangdong,
Jiangxi, and Shanghai) in the south of China. Nasal swabs
were inoculated on blood agar medium with 0.0025% of
NAD immediately after sampling. Suspect G. parasuis
colonies were identified by NAD-dependency and 16S
rRNA PCR "2, The isolates underwent molecular serotyping
via a multiplex PCR assay described in Howell et al.!"*l.



Research Article

347

PENG, LIANG
CHEN, LI, XI

VG Analysis

Nineteen VGs were analyzed using PCR as previously
described 4%, Details of all primers used are listed in
Table 1.

Sequence Types (STs) Analysis

A STs analysis was carried out using the Multi-locus Sequence
Typing (MLST) method as previously described **°l. A
neighbor-joining tree was built using the MEGA version
5.0 software based on the MLST target sequences.

Statistical Analyses

Chi-square and Fisher’s exact tests were used to assess the
associations between serovars, ST, and VGs using SPSS
version 18.0, and p values lower than 0.05 were considered
statistically significant associations.

RESULTS
Identification and Serotyping

A total of 117 G. parasuis isolates were obtained from 710
nasal swab samples. Of the 117 G. parasuis isolates, 105
were assigned to ten distinct serovars, and twelve of the
isolates tested were N'T. Serovar 10 (17.9%) was the most
prevalent, followed by serovars 15 (14.5%), 6 (12.0%),
8 (11.1%), 4 (8.5%), 9 (7.7%), 1 (7.7%), 7 (6.0%), 5/12
(4.3%), and 2 (0.9%) (Fig. 1-A). Serovars 3, 11, 13, and
14 were not identified. Serovars 4, 6, 15, and NT were

observed in all three provinces. However, serovar 2 was
observed only in Shanghai and serovar 7 was observed
only in Jiangxi (Fig. 1-B).

VG Analysis

The VGs vac] and clpP (95.7%) were the most prevalent,
followed by cheY (93.2%), rfaE (92.3%), hsdR (91.5%),
capD (88.9%), fhuA (40.2%), vtal (35.9%), hhdA (33.3%),
hhdB (26.5%), HPM1372 (22.2%), nhaC (21.4%), IsgB
(19.7%), H0254 (10.3%), fimB (10.3%), wbgY (7.7%),
HPM1373 (6.8%), HPM1371 (5.3%), HPM1370 (1.7%)
(Fig. 2). All G. parasuis isolates were clustered according to
the presence of VGs. Four clusters were obtained (clusters
A, B, C,and D) (Fig. 3). Cluster A includes serovars 1, 2, 4,
6,7,8,9, 10, 15, and NT isolates, harboring 4 to 11 VGs;
Cluster B includes serovars 4, 5/12, 6, and NT isolates,
harboring 9 to 17 VGs; Cluster C includes serovars 1, 7,
and 10, harboring 5 to 8 VGs; and Cluster D includes only
NT isolates, harboring 0 to 4 VGs. Interestingly, some
serovars were distributed in 2 or 3 clusters. For example,
serovars 4 and 6 were found in clusters A and B, serovars 1,
7, and 10 were found in clusters A and C, and NT isolates
were found in clusters A, B, and D (Fig. 3).

Association Between Serovars and VGs

The distribution of VGs in the isolates allocated to different
serovars varied greatly, and a significant correlation was
found between serovars and some VGs. A significant
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‘ Fig 3. Clustering of G. parasuis isolates based on VGs

positive correlation was found between the following:
serovar 1 and vtal; serovar 4 and hhdB, H0254, nhaC,
and vtal; serovar 5/12 and fhuA, wbgY, hhdA, hhdB, IsgB,
HO0254, nhaC, vtal, and HPM1373; serovar 6 and both
HPM1371, and HPM1372; serovar 7 and both hhdA and
vtal; serovar 8 and hhdA, hhdB, and HPM1371; serovar 10
and fimB, HPM1371, and HPM1372; serovar 15 and hsdR.

However, a significant negative correlation was found
between serovar 1 and capD, serovar 4 and HPM1371,
serovar 6 and vtal, serovar 8 and vtal, serovar 9 and both
fhuA and HPM1371, and the following: serovar 10 and
fhuA, hhdA, hhdB, nhaC, and vtal, serovar 15 and hhdA,
IsgB, nhaC, and HPM1371, and NT and rfaE, vac], cheY,
cIpP, and hsdR (P<0.05, Table 2).
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Table 2. Association between serovars and VGs of G. parasuis isolates

VG +: Number of isolates in the corresponding serovar but carrying the VG; : Number of isolates in the corresponding serovar but no carrying the VG
—VG +: Number of isolates no in the corresponding serovar but carrying V( G —: Number of isolates no in the corresponding serovar but no carrying VG
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aoie A 0 atio ve ee Dd I: e ero .' oup a 0 para oLa
Pathogenic Serovar Group VGs VG + VG- -VG + -VG- OR 95% CI P
whgY 7 28 1 70 17.5 2.06-148.84 0.002
hhdB 5 30 25 46 0.31 0.11-0.90 0.038
Highly pathogenic fimB 9 26 3 68 7.85 1.97-31.28 0.002
group
HPM 1371 27 8 32 39 411 1.64-10.28 0.002
HPM 1373 6 29 1 70 14.48 1.67-125.66 0.005
hsdR 2 6 78 0 0 / 0.0002
Moderately pathogenic vtal 15 13 2 56 2.94 121-7.17 0.021
group
HPM 1371 4 24 55 23 0.07 0.02-0.22 0.000
H0254 1 ) 10 53 0.13 0.02-1.06 0.026
Non-pathogenic fimB 0 43 12 51 0 / 0.001
group
vtal 9 34 28 35 0.33 0.14-0.80 0.014

VG +: Number of isolates in the corresponding serovar but carrying the VG; VG—: Number of isolates in the corresponding serovar but no carrying the VG
—VG +: Number of isolates no in the corresponding serovar but carrying VG; —VG —: Number of isolates no in the corresponding serovar but no carrying VG

—
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Fig 4. Neighbour-joining tree based on the MLST target sequences of 43 G. parasuis isolates

Oliveira and Pijoan ?'reported that G. parasuis was divided
into three groups based on different serovars: highly
pathogenic serovars (1, 5, 10, 12, 13, and 14), moderately
pathogenic serovars (2, 4, and 15), and non-pathogenic
serovars (3,6,7,8,9,and 11). The current study identified a
significant correlation between different pathogenic serovar
groups and several VGs. The highly pathogenic serovars
had a significant positive association with wbgY, fimB,
1371, and 1373, and a significant negative association
with hhdB. The moderately pathogenic serovars had a

significant positive association with hsdR and vtal, and a
significant negative association with HPM1371. The non-
pathogenic serovars had a significant negative association
with H0254, fimB, and vtal (P<0.05, Table 3).

Association Between ST and VGs

The ST analysis revealed two major clades (clade 1 and
clade 2) based on the MLST target sequences of 43 G.
parasuis isolates. Clade 1 includes 37 isolates of serovars 1,
2,4,6,7,8,9,10, 15, and NT, harboring 1 to 11 VGs each.
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Table 4. Association between MLST clade and VGs of G. parasuis isolates

VG Cladel+ Cladel- Clade2+ Clade2— OR 95% CI P
vtal 13 24 6 0 0 / 0.004
nhaC 8 29 5 1 0.06 0.01-0.59 0.007
hhdA 8 29 5 1 0.06 0.01-0.59 0.007
hhdB 7 30 5 1 0.05 0.01-0.50 0.004
IsgB 5 32 4 2 0.08 0.01-0.56 0.01

H0254 0 37 5 1 0 / 0.000006
whgY 1 36 4 2 0.01 0-0.14 0.001
fimB 1 36 3 3 0.03 0-0.38 0.006
HPM 1373 1 36 3 3 0.03 0-0.38 0.006
+: Number of isolates in the corresponding clade but carrying the VG; —: Number of isolates in the corresponding clade but no carrying the VG

Clade 2 includes 6 isolates of serovars 1, 4 and 5, harboring
8 to 16 VGs each (Fig. 4). Interestingly, isolates in the
second clade had a significantly increased probability of
containing the VGs vtal, nhaC, hhdA, hhdB, IsgB, H0254,
wbgY, fimB, and 1373 (P<0.05, Table 4).

Di1SsCUSSION

In the study, atotal of 117 G. parasuis isolates were obtained
from 710 nasal swab samples from three provinces
(Guangdong, Jiangxi, and Shanghai) in the south of China,
the isolation rate was 16.5%, slightly higher than previous
studies (14.6%) 1°!. Ten distinct serovars were identified,
serovars 10, 15, 6, and 8 were the dominant serovars
identified in this study, with the detection frequency
exceeding 10%. This differs from a previous report that
the dominant serovars of strains in diseased pigs are 5
and 4 #731 This difference may be uniquely associated
with isolates from the nasal cavity of live piglets. In another
study of G. parasuis isolates from the piglet nasal cavity
by Zhang et al.?), the dominant serovars in 6 provinces
of China (Beijing, Shandong, Henan, Shanghai, Sichuan,
and Chongqing) were 7, 3, 2, and 11 (over 10%). Those
authors did not identify any isolates representing serovars
14 and 15. In the current study, we did not isolate any
G. parasuis strains from serovars 3 and 11, and we only
isolated a single strain from serovar 2. This suggests that
serovars of G. parasuis from the swine nasal cavity exhibit
a complex regional distribution across provinces in China.
In both the current study and the study conducted by
Zhang et al.l”?), the detection frequency of serovars 4 and
5 was relatively low. Strains in serovars 4 and 5 are widely
regarded as pathogenic strains, and they are most often
identified from pigs with Glédsser’s disease. Although the
detection frequency of serovars 4 and 5 was not high in
live piglets, these isolates may nonetheless cause disease
when an animal is under stress. Of note, the dominant
serovars identified in this study, serovar 10 and serovar 15,
were previously considered to be highly and moderately
pathogenic, respectively. These two serovars have rarely

been isolated in diseased pigs in China. Further attention
and research are required to determine whether the
presence of strains from serovars 10 and 15 in the
respiratory tract of live piglets would cause localized
disease, or even a potential disease epidemic.

In this study, all G. parasuis isolates were divided into
four clusters according to the presence of VGs. Though
serovars 2, 5, 8, 9, 10, and 15 were only distributed in one
cluster, isolates belonging to the same serovar harbored
different VGs. These differences were also present among
strains that belonged to the same ST and serovar. For
example, strains SG25 and N1-24, isolated from different
farms, were both allocated to ST185 and serovar 8, and
possessed seven identical VGs. However, strain SG25
had five more VGs than N1-24. Similarly, strains OY2
and QY6-1, isolated from the same farm, were allocated
to ST255 and serovar 15, but strain QY6-1 has one more
VG (rfaE) than OY2. Interestingly, strain QY6, isolated
from the nasal cavity of the same piglet as strain QY6-1,
also harbored rfaE. These results suggest that G. parasuis
isolates may undergo multiple gene exchanges while
coexisting in the respiratory tract. The VGs of isolates
allocated to the same ST and serovar varied greatly,
which may lead to differences in the pathogenicity and
immunogenicity of strains belonging to the same ST and
serovar. Once these strains invade the host tissues and
organs, they may cause localized disease and eventually
become epidemics. At that point, even if the serovars of
commercially available vaccines and pathogenic strains
were the same, the differences in VGs may lead to immune
failures. That scenario would pose a substantial challenge
to the development of a new vaccine.

Van et al.B! reported that the detection frequency of the
VGs vtal, HPM-1371, capD, HPM-1372, IsgB, HPM-1373,
and HPM-1370 was 62.5%, 35.7%, 30.3%, 12.5%, 8.9%,
8.9%, and 0%, respectively. Boerlin et al.'”) reported that
the detection frequency of vtal, hsdR, fimB, nhaC, fhuA,
capD, wbgY, and H0254 was 92.5%, 47.9%, 37.2%, 38.3%,
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38.3%, 23.4%, 22.3%, and 17%, respectively; Turni et al.??
reported that the detection frequency of hhdA and hhdB
was 36% and 13.3%, respectively, which differs from our
results for most of the above VGs. Although previous
studies ' have shown that the VGs IsgB, fhuA, capD, HPM-
1372, and HPM-1373 were not observed in any isolates
from non-pathogenic serovar group, our results showed
that 8 of 43 isolates from the non-pathogenic serovar
group were positive for IsgB, 16 were positive for fhuA,
39 were positive for capD, 8 were positive for HPM-1372,
and 1 was positive for HPM-1373. Our results indicate
that the distribution of VGs in G. parasuis is diverse and
complex.

Olvera et al.' reported that isolates without viaAl are
generally avirulent. In this study, the presence of vtal was
associated with a significantly decreased probability of
membership in the non-pathogenic serovar group. This
indicates that isolates allocated to the non-pathogenic
serovar group may be avirulent based on this vtal
analysis. Similarly, a significantly increased probability
of harboring vtal was observed in the highly pathogenic
serovars 1 and 5. Based on only the above analysis, the
virulences predicted by the serovar and vtaAl analyses
were consistent. However, all 21 serovar 10 isolates were
vtaAl negative in the study, which indicates that serovar
10 isolates may be avirulent, but serovar 10 belonged to
highly pathogenic serovars according to the previous
research 1, so, the results of virulence prediction by
the serovar and vtaAl analyses were in opposition. The
correlation between serovars and VGs varied greatly
among different serovars, even if the isolates belonged to
the same pathogenic serovar group. For example, serovar
1 was only positively associated with vtal, while serovar
5 was positively associated with 9 VGs. Although the
average number of VGs in the three pathogenic serovar
groups was similar, the highly pathogenic serovars had a
significant positive association with 4 VGs, the moderately
pathogenic serovars had a significant positive association
with 2 VGs, and no VGs had a positive association with
non-pathogenic serovars. A previous study showed that
G. parasuis MLST STs can be classified into two clades,
with clade one almost completely containing avirulent or
attenuated STs, and clade two mainly containing virulent
STs 21 In the current study, the detection frequency of
VGs in clade two was much higher than that in clade one.
While all isolates of clade two were vtaAl positive, only
30% of clade one isolates were vtaAl positive. We found
a significant positive correlation between clade two and
9 VGs. Based on the VG analyses, it appears that isolates
belonging to clade two are more virulent than isolates
belonging to clade one. Overall, our results show that VG
analyses may be a supplementary method for accurately
allocating serovars or genotypes of G. parasuis into
different pathogenic groups.
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Abstract: Stem cell approaches has been increasing in the conventional medicine. This study was planned to determinate the efficacy of
adipose-derived stem cells (ADSCs) on the bone fracture’s regeneration by histologically, morphologically and radiologically. Primarily
isolated cells were cultivated and identified for the obtaining of the third passage mesenchymal stem cells in the cell culture laboratory.
The right tibias (applicated ADSCs) were planned as experimental group and the left tibias were studied as control on the clinically
healthy 10 rats. The middle diaphysis of the right and left tibias was transversally cut by a thin saw and then fixed by intramedullary pin.
Before surgical closure of the incised area, 10° ADSCs were injected on an absorbent material, which covered the cut site of the right tibia,
in experimental group. At postoperative 45" day, cranio-caudal and lateral radiographs of the tibias pointed out that there was callus
formation in the caudal and lateral parts of the right tibia. After sacrification of the animals, preparations were made for histological
examinations. The results indicate that there were clear differences in the mitotic activity; and also, the experimental tibias were found to
be rich in blood vessel network. As a conclusion, it was found that ADSCs can have a positive potential effect on osteogenesis in
bone tissue.

Keywords: ADSCs, Bone Tissue Regeneration, Histologically, Radiologically, Rat

Sican Yag Dokusu Kokenli Kok Hiicrelerin Kemik Dokusu
Rejenerasyonuna Etkisi

Oz: Kok hiicre teknolojisi, geleneksel tibbi yaklagimlari gelistirmektedir. Caligmada, yag doku kékenli kok hiicrelerin (ADSC) kemik
kirginin rejenerasyon siireci iizerindeki etkinligi histolojik, morfolojik ve radyolojik olarak degerlendirilmesi amaglandi. Oncelikli
olarak; izole edilmis hiicreler, hiicre kiiltiirii laboratuvarinda tigiincii pasaj mezenkimal kok hiicrelerin elde edilmesi i¢in kiiltirlendi ve
tanimlandi. Klinik olarak saglikli 10 rat tizerinde; ADSC uygullanan sag tibialar deney grubu olarak ve sol tibialar kontrol olarak planlandu.
Sag ve sol tibianin orta diyafizi ince bir testere ile enine kesildi. Sag kaval kemigi tizerinde, deney grubuna emici bir malzeme {izerine
10° ADSC enjekte edildi. Deney ve kontrol gruplarinda tibia tizerinde kemik kirig1 olusturulduktan sonra intramediiller tespit yapildi.
Operasyondan 45 giin  sonra tibianin kranio-kaudal ve lateral grafileri gekilerek; sag tibianin kaudal ve lateralinde kallus olusumu dikkati
gekti. Sakrifikasyon sonrasi histolojik incelemeler icin hazirliklar yapildi ve mitotik aktivitede belirgin farkliliklar oldugu saptandi. Aym
zamanda deneysel tibialarin kan damari a8 agisindan zengin oldugu goriildii. Sonug olarak, ADSC ‘lerin kemik dokusunda osteogenez
i¢in olumlu bir potansiyel etki olusturacabilecegi saptand.

Anahtar sozciikler: ADSCs, Kemik Doku Rejenerasyonu, Histoloji, Radyoloji, Sican

INTRODUCTION divisibility for tissue regeneration. In recent years, applications

of MSCs have received increasing attention. Easily extracted
Mesenchymal stem cells (MSCs) are attractive therapeutic ~ from bone marrow and fat, MSCs differentiate into
models for regenerative medicine due to their pluripotent  different cell lines according to the needs of certain
features. These are also undifferentiated cells that have  biomedical applications 2. MSCs are suitable cell sources
capable of self-renewal with symmetric and asymmetric  for tissue regeneration. Thus, in vitro studies have been
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focused on usage of MSCs in bone defect and degenerative
bone-cartilage disease known as progenitor stem cells ).

MSCs from different tissues exhibit various in vitro
characteristics including their proliferation capacity and
differentiation potential, which influence their applica-
bility *. Lendeckel et al.”! stated that ADSCs have more
proliferative capacity than bone marrow derived mesen-
chymal stem cells (BMSCs). When compared to other
sources, adipose tissue is popular stem cell source because it
is easily accessible, abundant, and has less painful collection
procedure. Adipose tissue derived mesenchymal stem cells
(ADSCs) have a capacity of self-renewable, multipotency
and transdifferentiate to several different specific cell
phenotypes such as cartilage, bone, fat, tendon and muscle
tissue 7],

Mohamed-Ahmed et al.® shown that equal amounts of
bioactive factors are given both of stem cells, ADSCs have
inferior capacity and immuno-modulatory effects than
BMSCs. ADSCs stimulate macrophage cells however inhibit
T cells and dendritic cells, inducing angiogenesis, a decrease
in apoptosis and fibrosis leads to an increase in anti-
inflammation process [(IL-6, IL-10, IL-13), (TNF-a),
(TGF-B), (TLR 2, TLR4), (VEGF), (b-FGF)] . In tissue
engineering, MSCs can be considered as an alternative
cell source to ADSCs """ BMSCs have also some
difficulties, such as low MSC concentrations and difficulty
in collecting !""'?.. Moreover, the differentiation of ADSCs
into osteoblasts makes them preferable cells for bone
tissue engineering ).

The aim of this study was to evaluate the efficacy of
ADSCs on the bone fracture’s regeneration process by
histologically and radiologically.

MATERIAL AND METHODS

Ethical Statement

This study was approved by the Bursa Uludag University
Animal Experiments Local Ethics Committee (Approval
no: 2018-02/03).

Animals

Totally 13 male Sprague Dawley rats (clinically healthy,
about 300 g, 3 months-old) were included in the study.
Among them, 10 rats were used for establishment of bone
regeneration, and 3 rats were used for harvesting adipose
tissue.

Isolation of ADSCs

Approximately 1-1.5 g adipose tissue per rat was obtained
under sterile conditions. The non-enzymatic stem cell
method was performed for the isolation of ADSCs as
reported previously '*'7. After adipose tissue was rinsed
with sterile D-PBS (Cat No: BSS-1006), adipose tissue

fragments were chopped into 2-3 mm thickness and
transferred into rat-MSCs specific growth medium (Cat
No: RAXMD-03011-440). Growth medium contained
100 units/mL penicillin-100 pg/mL streptomycin (Cat
No: TMS-AB2-C), 2 mM L-glutamine (Cat No: G7513),
and 10% heat-inactivated Fetal Bovine Serum (Cat No:
TMS-013-B). Tissue fragments were incubated in 25 cm?
tissue culture flask under standard culture conditions. The
culture medium was replaced with fresh medium once
every three days on passage 1, passage 2 and passage 3.

Third-passaged (P3) cells were subcultured in order to
collect the cells for stem cell transplantation. For this
purpose, the cultured P3 cells were centrifugated at 1000
rpm, 25°C for 4 min. After the supernatant was discarded,
the pellet was filtered with 70-micron filter to use MSCs.
The 10° ADSCs were prepared by insulin syringes to apply
the fractured area of the tibias.

Adipogenic, Osteogenic, Chondrogenic Differentiation

After isolating and expanding ADSCs, P3 cells (7x10* cells
per well) were seeded within 24 well plates. The standard
medium was replaced with the MSCgo™ Adipogenic
Differentiation Basal Medium (Cat No: 05-330-1B, 05-
331-1-01 and 05-332-1-15); when cells reached 80%
confluency. After two weeks, the cells were stained with
Oil Red O ["#],

ADSCs (1.5x10° P3 cells per well) were seeded within
24 well culture plates, and then MSCgo™ Osteogenic
Differentiation Medium (Cat No: 05-440-1B) was added,
when cells reached 70% confluency. After 21 days, cells
were stained with Alizarin Red ['*,

ADSCs (1.5x10° P3 cells per well) were seeded within 96
well culture plates. The MSCgo™ chondrogenic differentia-
tion basal medium (Cat No: 05-220-1B and 05-221-1D)
was added when cells reached 80 confluency. The cells
were incubated within the chondrogenic medium for 21
days and stained with Alcian Blue !'*].

Characterization of ADSCs by Immunohistochemistry

Forty thousand ADSCs were seeded on eight-well plastic
culture slide for immunostaining. P3 cells were fixed
with 4% paraformaldehyde (Merck, Germany, Cat No:
1.04005.1000) for 1 h at room temperature. The cells were
incubated with CD 90 (1:900 dilution, Cat number: ab225),
CD 105 (1:150 dilution, Cat No: ab156756), CD 45 (1:200
dilution, Cat No: ab8879) and CD 11b (1:200 dilution, Cat
No: ab10558) stem cell surface primary for 18 h at +4°C
in humidity chamber. The cells were then incubated with
secondary antibody and streptavidin-peroxidase (Cat No:
TP-125-HL) for 10 min, respectively. Finally, the bound
antibody complexes were stained with chromogen solutions
under light microscopic determination and then counter
stained with hematoxylin "?..
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Surgical Experimental Protocol

In 10 rats, the right tibias were evaluated as experimental
group (application to ADSCs) and the left tibias were
planned as control. Before surgery, clinical examinations,
mediolateral and craniocaudal radiographies of the bilateral
tibias were taken in all rats to evaluate cortical and
medullar radio-opacity and to calculate the medullar and
cortical space thickness of the tibias.

Premedication and induction were performed using
xylazine HCI (5 mg/kg, im.) and ketamine HCI (50 mg/
kg, im.), respectively. Isoflurane was inhaled to all rats
for general anesthesia and maintenance. The animals
were restrained in dorsal recumbence and bilateral tibial
regions were prepared aseptically for surgery. The medial
longitudinal incisions were made, and medial surfaces
of the tibias were exposed following to dissections of the
soft tissues. Hemorrhages were controlled with electro-
coagulation. The middle diaphysis of the right and left
tibias was transversally cut by a thin saw, and then a suitable
diameter (0.5-1 mm) Kirschner pin was intramedullary
inserted for fixation to the tibias. The surgical incisions of
the left tibial regions were closed routinely. Moreover, on
the right tibia, 10° the ADSCs was injected on an absorbent
material and this material was covered circumferentially
on the cutting surfaces of tibia, were applied in groups
(Fig. 1). All soft tissues and skin incisions were sutured
routinely.

Postoperatively, carprofen (5 mg/kg, sc, qd) and cefazolin
Na (20 mg/kg, im, bid) were administered as analgesic and

antibiotic for 5 days, respectively. The skin sutures were
taken at postoperative 10" day.

Clinical examinations (general condition, inspection and
palpation of the surgical area) of the rats were routinely
performed at each week in order to evaluate the health
status of the rats and to assess the local surgical area
regarding tissue healing. At the end of the planned study
time (2 months), tibial regions of all rats were clinically
examined again, and then all rats were decapitated to
obtain the tibias of the rats for histological examinations,
as follows.

Histological Examination

After decapitation, the tibias were quickly harvested
and the bone tissue cut into small pieces. Specimens
were fixed in 10% neutral buffered formalin for 3 days.
After the fixation of specimens, they were decalcified in
ethylenediaminetetraacetic acid (EDTA) solution. Until
the specimens were soft enough to allow cutting, solution
was changed day by day. Depending on the size of the
samples, this process took two weeks or more ?*?!], When
decalcification was complete, specimens were briefly rinsed
in water. After dehydration in 70% ethanol, 80% ethanol,
96% ethanol, and absolute ethanol, specimens were
embedded in paraffin wax and then 6-7 pum thickness
tissue sections were cut and stained with Crossman’s
triple staining method *?/. Histology sections were
examined micro-scopically (Nikon® Eclipse 80i Microscope,
Netherlands). Photographs were taken with attached camera
(Nikon®, Digital Sight DS-L1).

Fig 1. The middle diaphysis of the tibia was
transversally cut by a thin saw, and then a 0.5-1
mm Kirschner pin was intramedullary inserted
for fixation (A, B). On the right tibia, the
applications in groups were injected the ADSCs
on an absorbent material which was covered
circumferentially on the cutting surfaces of the
tibia (C, D)
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RESULTS

Characterization and Differentiation of the ADSCs

Lipogenic, osteogenic, chondrogenic differentiation capa-
bility, positive and negative characterization were used to
identify and confirm the ADSCs. On day 3; ADSCs were
observed to adhere to culture flasks (Fig. 2-A) and contained
both fibroblast-like cells with spindle shape and migrating
cells with round shape by inverted microscopy (Fig. 2-B).
The first week isolation of ADSCs, the mononuclear cells
are adhered to the flask. ADSCs reached 80% confluency
on day 7-8. The second and third passage of ADSCs
reached 80% confluency on day 13-18 (Fig. 2-C)
respectively. P3 cells were determined by lipogenic, osteo-
genic and chondrogenic differentiation capability in vitro
that detected using Oil red O, Alizarin Red and Alcian
Blue staining, respectively by inverted microscopy (Fig.
3-A,C). ADSCs are characterized by the presence or
absence of certain surface markers by the expression of
CD 90, CD 105 (Fig. 4-A,B) and CD 11b, CD 45 (Fig.
4-C,D) respectively. ADSCs were showed positive reaction
for CD 90, CD 105 and negative reaction for CD 45, CD
11b, as assessed by immuno-histochemistry.

Histological Results of the Bone Histogenesis

In postoperative 2™ months, new bone formation areas
were examined histologically in the fractured parts of
tibias, and they were determined normal in both tibias
with triple stain. The morphology of the cells in the new
bone formation areas commonly showed mitotic activity

of the osteoblast cells around the fractured part of the
tibias. In addition, the proliferation of the osteoblast
cells increased in the callus zone especially experimental
tibias than control tibias (Fig. 5), and also bone matrix
was strongly eosinophilic in experimental tibias (Fig. 6).
The eosinophilic reactions were weaker in the controls
than the experimental tibias, two months after operation
(Fig. 6). The morphology of the cells pointed out common
mitotic activity and there were much more blood vessels
in the new bone formation areas in experimental tibias
(Fig. 5).

Clinical and Radiological Results

Clinically, there were no clinical abnormalities such as local
tissue damage, ecchymosis and secondary surgical wound
complications in the rats of groups at the postoperative
early stage.

Radiographs taken on postoperative 21% day revealed
radiopaque appearance (callus formation) around to
fractured parts of tibias. In the postoperative 45" days’
radiographs, there was callus formation around to fractured
line, and the fractured line was clearly determined in these
radiographs, as well (Fig. 7). At 45" day, craniocaudal and
lateral radiographs of the tibias in a rat, it might be clearly
seen that there was callus formation in the caudal and
lateral parts of the right tibia (arrows) and bilateral visible
fractured lines.

Di1SCUSSION

The stem cell transplantation system for osteogenesis

Fig 2. Microscopic evaluation of ADSCs: On day 3, isolation of ADSCs (A); ADSCs were detected with fibroblast-like cells morphology and
migrating cells (B); On day13- 18, ADSCs reached 80% confluence (C) (Bar: 100 um)

Fig 3. Adipogenic, osteogenic, chondrogenic differentiation of ADSCs were shown by Oil Red O (A), Alizarin red (B) and Alcian Blue (C)
staining (Bar 25 um)




Research Article

359

ILHAN, OZGUDEN AKKOGC, CETIN
INCEBIYIK, CANATAN, SALCI, ERDOST

Fig 5. Two months after the operation;
in the fractured part of tibia (¥),
mitotic activity (arrows); the control
tibia (A); the experimental tibia (B).
Triple stain (Bar 100 um)

has been investigated histologically, clinically and
radiologically in this study. ADSCs were preferred,
because adipose tissue was a rich source of stem
cells; thus, this study aimed to evaluate the osteogenic
ability of grafted ADSCs on an absorbent material in
rat tibias.

Fig 4. In P3 ADSCs: CD90 (A) and
CD105 (B) were expressed positive
reaction; CD 11b (C) and CD 45
(D) expressed negative reaction by
immunohistochemistry (Bar 100 um)

Fig 6. At 60™ day after the operation;
the control tibia (A); the experimental
tibia (B). Fractured part of tibia
(arrow head) the matrix of decalcified
bone of the experimental tibias (B)
were showed strongly eosinophilic
reaction (*) than the control tibias.
Triple stain (Bar 100 pm)

The distinct mechanisms of tissue regeneration mediated
by stem cells are elucidated for many tissues 1>>?*. Osteo-
genic regeneration depends on several factors including
the biomaterial, bone quality, and surgical technique 122¢],
ADSCs and their extracellular secretions are major factors
in osteogenesis; in this way, ADSCs represent an alternative
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source of osteogenic cell potential . In the presented
study, it has been showed that expression pattern of
cell surface markers on P3 cells are associated with
ADSCs. These markers (CD90, CD105, CD 11b, CD
45) have also been used to determine multi-lineage
differentiation capabilities of ADSCs and examined P3
cells are determined by lipogenic, osteogenic and chondro-
genic differentiation capability in vitro that detected
using Oil Red O, Alizarin red and Alcian Blue staining,
respectively. As a result of these findings, passage 3 cells
ADSCs were safely used in the injected with an absorbent
material. The osteo differentiation of P3 cells increases with
induction by osteogenic culture medium. The capability
of these cells to secrete mineralized extracellular matrix
(ECM) was confirmed by the gradual increase in alizarin
red staining (illustration of mineralized nodules secreted
by differentiated cells).

Because of the role of MSCs in tissue engineering, ADSCs
can be considered as a preferable cell source, as periosteal
stem cells have a higher proliferation rate and osteogenic
potential . This also indicates that both BMSSCs and
ADSCs are unable to differentiate into osteoblasts/
odontoblasts in vivo early in the transplantation process,
but can also induce host cells to participate in tissue
regeneration with the formation of a hematopoietic
marrow and a pulp. Connective tissue aids osteogenesis by
stimulating blood vessel growth and hematopoietic marrow
formation in BMSSC transplants ?*!. In this presented
study, new bone formations (callus) were investigated
radiologically and histologically, and then the experimental
group results evaluated significant differences regarding
new bone formation as compared with the control group.
At two months after postoperatively, there was no necrosis in
both groups and there was granulation tissue. Moreover,
osteoblastic cell proliferation and new bone formation
(callus) were higher in the experimental group than in
the control group. According to these results, it could
be implied that adipose tissue-derived stem cells had
potentiate osteogenesis.

Important role of the periosteum and endosteum is nutrition
of bone cells and provision of osteoblasts for bone

Fig 7. At 45" day after the operation,
cranio-caudal and lateral radiographs
of the tibias in a rat, it may be clearly
seen that there was callus formation
in the caudal and lateral parts of the
experimental (right) tibia (arrows) and
bilateral visible fractured lines

histogenesis and repairmen P\ These cells synthesize
and secrete the osteoid matrix that is composed of glyco-
proteins and collagen. The secreted osteoid matrix has a
high affinity for calcium salts that are brought into the
area of bone formation by the circulatory system '
In this study, at two months after surgery the right
(experimental) tibias had more blood vessels than the left
(control) tibias. It was observed that the developmental
difference in the ADSCs-treated groups sections were
demonstrated with respect to the proliferation activity.
The mitotic activity is prominent on the callus area of the
right (experimental) tibias. It has been shown that ADSCs
also regulate osteogenic activity and bone regeneration.
In this way, in the experimental tibias, regeneration
improved earlier compared with the control tibias, and the
bone regeneration by osteoblasts is observed at fractured
part of the right tibias. Furthermore, a strong eosinophilic
reaction in the bone matrix of the right tibias than left
tibia was also detected. The presence of the eosinophilic
mineralized bone matrix area was suggested the presence
of bone histogenesis *?. These results provide evidence
that ADSCs was stimulated osteoblast activity and
increases mineralized bone volume. Development of the
new growth factors in ADSCs cultures would be induce
superior osteogenesis ). ADSCs has also been found
to act on chondrocytes and osteoblast stimulating their
proliferation. The histologically and radiologically results
of this study strongly support the mesenchymal stem cells
obtained from adipose tissue of rats has been found to
act on osteoblast activity and increases mineralized bone
volume. In addition, allogeneic ADSCs to be an effective
agent that can be used to increase bone regeneration and
osteogenesis.

As a conclusion, it can be emphasized that ADSCs
has superiority for osteogenesis and easily accessible
therapeutic agent, and veterinary practitioners can be use
ADSCs as a ready-to-use product to increase the bone
healing follow up surgery.
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Abstract: The aim of this study was to investigate the effect of gum arabic coating on the quality characteristics of table eggs during 28
days of storage at 4°C and 25°C. Treatments were compared in a 2 x 4 factorial design with two different storage temperatures (4°C and
25°C) and five prestorage coating applications (control, 1% gum arabic (G1), 5% gum arabic (G5), and 10% gum arabic (G10) solution).
Egg quality characteristics that were measured included weight loss, specific gravity, shell strength, Haugh unit, yolk index, and albumen
pH. The eggs coated with 10% gum arabic solution had the lowest egg weight loss (2.71%), and albumen pH (9.18), and the highest egg
specific gravity (1.057 g/cm3) at the end of storage (P<0.05). During the storage period, there were no significant differences between
gum arabic coated and control eggs for shell strength, Haugh unit or yolk index. Eggs stored at 4°C for 28 days had a lower weight loss
(1.86 %) and albumen pH (9.15), and higher egg specific gravity (1.068 g/cm?), Haugh unit (69.96) and yolk index (0.41) than eggs stored
at 25°C. The results suggest that applying a 10% gum arabic coating to eggs before they are stored might be a simple and effective way to
keep them fresh.

Keywords: Coating, Egg quality, Gum arabic, Storage, Table eggs

Sofralik Yumurtalarda Depolama Oncesi Gam Arabik Kaplama
Uygulamasinin Yumurta Kalitesine Etkileri

Oz: Bu aligmanin amaci gam arabik kaplamasi uygulanmis sofralik yumurtlarin 4°C ve 25°C'de 28 giinliik depolama siiresince yumurta
kalite ozelliklerine etkisini aragtirmaktir. Muameleler, iki farkli depolama sicakligi (4°C ve 25°C) ve bes adet depolama oncesi uygulama
(kontrol, %1 gam arabik (G1), %5 gam arabik (G5) ve %10 gam arabik (G10)) ile 2 x 4 faktoriyel deneme deseninde karsilastirilmistir.
Yumurta kalite 6zellikleri olarak yumurta agirlik kaybi, 6zgiil agirlik, kabuk mukavemeti, Haugh birimi, yumurta saris1 indeksi ve ak pH’st
incelenmistir. Depolama sonunda en disiik yumurta agirlig1 kaybi (%2.71) ve ak pH’st (9.18) ve en yiiksek yumurta 6zgiil agirhig: (1.057
g/cm3) degerleri %10 gam arabik solusyonu ile kaplanmis yumurtalarda tespit edilmistir (P<0.05). Depolama siiresince gam arabik kapli
yumurtalar ve kontrol yumurtalari arasinda yumurta kabugu mukavemeti, Haugh birimi ve yumurta saris1 indeksi bakimindan 6nemli bir
fark bulunmamustir. 4°Cde 28 giin siire ile depolanan yumurtalarin yumurta agirlik kaybi (%1.86) ve ak pH (9.15)1 25°Cde depolanan
yumurtalara gore daha diisiik, yumurta 6zgtl agirlig (1.068 g/cm®), Haugh birimi (69.96) ve yumurta sarisi indeksi (0.41) degerlerinin
ise daha yiiksek oldugu tespit edilmistir (P<0.05). Sonug olarak, %10 gam arabik kaplama uygulamasinin, depolama siiresince yumurta
kalitesini korumanin basit ve etkili bir yolu olabilecegi diistiniilmektedir.

Anahtar sozciikler: Kaplama materyali, Yumurta kalitesi, Gam arabik, Depolama, Sofralik yumurta

INTRODUCTION occurs depending on both environmental conditions

and the duration of storage 1. Depending on the storage
Eggs are an important source of animal protein and also  conditions, a loss in egg weight ©*), decreases in albumen
contain various nutritional compounds such as unsaturated  height and Haugh unit ¢, egg yolk index !*”! and an
fatty acids, vitamins, and minerals .. The quality of an  increase in albumen pH ***/ may be observed. After eggs
egg is the highest when it is laid, and deterioration are collected from the egg production system, they must
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be stored under appropriate conditions. On the other
hand, eggs can be exposed to unexpected and undesired
conditions at all the stages through farm to retail.
Nowadays, both researchers and producers have focused
on new technologies such as pulsed light, sonication,
high hydrostatic pressure, ozonation, ultraviolet light,
and coating to extend the shelf life of eggs and minimize
the negative effects of environmental conditions to which
they are exposed 1%,

Various coating materials, such as propolis "', chitosan >4,
proteins '), oils ') and starch " have been used to eliminate
or reduce the aforementioned problems during storage.
Some coating materials extend the shelf-life of eggs. These
materials prevent the penetration of microorganisms
through the shell and the evaporation of albumen water
from the shell, thereby reducing economic losses "%,
Gums are widely used as thickening, gelling and stabilizing
agents '”?" in many different areas including foods, creams
and lotions, adhesives, inks, paper coating and ceramics.
Due to the film forming feature, gum arabic has been
used as an edible coating directly or in combination with
different materials in recent years to extend the shelf life
of fruits and vegetables as well as meat products such as
meatballs ** Such long-term preservation is possible
as the gum arabic film minimizes contact between the
external environment and the coated material. Gum
arabic films have been widely used in recent years as a
coating material because they are natural, water soluble,
can be easily removed and do not have negative effects on
human health when consumed ***. Upadhyaya et al.l*
investigated the efficacy of gum arabic-based coating
materials for reducing Salmonella enteritidis on egg shell,
and found that gum arabic-based coating significantly
reduced the Salmonella enteritidis in the egg shell. Zhang et
al.”” evaluated the effects of pullulan with added glycerin,
gum arabic, lysozyme, and chitinase on egg shell microbial
activity and egg quality during storage, and reported that
the composite pullulan coating could effectively inhibit
the growth of Escherichia coli, Staphylococcus aureus,
Salmonella sp., Mucor sp., and Aspergillus sp. and therefore
have a good preservative effect.

According to the literature survey, there is a lack of
knowledge about the usability of gum arabic as an egg
coating material. So this study aimed to determine the
changes in some quality parameters in table eggs stored
at 4 and 25°C for 28 days after coated with different
concentrations of gum arabic solution.

MATERIAL AND METHODS

Materials

A total of four hundred table eggs were obtained from
H&N Nick-Chick laying hens (40 weeks old) reared on a

commercial poultry farm (Konya, Turkey). The hens were
fed a layer diet containing 2800 kcal of ME/kg and 17%
crude protein.

Preparation of Solutions

Three different gum arabic solutions at concentrations of
1,5,and 10% were used in this study. Briefly, 10, 50, and
100 g of gum arabic were weighed into separate flasks, and
each flask was filled to 1000 ml with ultra pure water. To
obtain homogeneous solutions, each gum arabic: water
mixture was stirred using a magnetic stirrer (MSH-20D,
Wisestir, Dajhan) at 500 rpm and room temperature for 10
hours, and then kept in a fridge at +4°C without stirring
overnight. The gum arabic solutions were prepared the
day before use.

Application of Gum Arabic Solutions

Four hundred eggs were randomly divided into four equal
groups. The eggs in the first group (one hundred) weren't
treated with any gum arabic solutions and were used as a
control group (C). The eggs in the second, third, and fourth
groups were treated with gum arabic solution containing
1%, 5%, and 10%, respectively, and these experimental
groups were named as G1, G5, and G10, in the same order.
The solutions (1000 mL of each solution) were sprayed
onto the eggs, using a hand sprayer (Mertcan, Turkey) to
cover the whole surface. After application, 20 eggs were
taken away from each group to make experiments at the
beginning of the storage, and the rest of the eggs in the
groups were also splitted into eight groups. The subdivided
groups were stored at 4°C or 25°C for 7, 14, 21, or 28 days.
Ten eggs were analyzed from each group (control, G1, G5,
and G10) at every period and storage temperature. Eggs
were collected daily and stored in ambient conditions for
one day before the application of gum arabic. The air flow
of the storage cabinets (Qualitec, Gc-1000, Turkey) was
measured at 0.15 m/sn.

Egg Quality Analysis

After the eggs were coated, they were numbered and
weighed, so that the egg weight loss during storage could
be calculated. The egg weight loss, specific gravity, eggshell
breaking strength, Haugh unit, yolk index, and albumen
pH of ten eggs from each group were measured at the end
of storage periods of 7, 14, 21, and 28 days, respectively.
Egg weight was measured using a balance and recorded
to the nearest 0.01 g. Specific gravity was estimated by
the Archimedes’ method, using the following formula:
Specific gravity = Egg weight (g)/(Egg weight - Egg
weight in water) **. Eggshell strength (kg) was measured
with a device for measuring eggshell resistance (Egg
Force Reader, 06-UM-001, Version B, Orka Food Tech.
Ltd., Hong Kong, China). The height of the albumen was
measured using a digital height gauge (Egg Analyser,
05-UM-001, Version B, Orka Food Tech. Ltd., Hong
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Kong, China). The Haugh unit was calculated using the
following formula: Haugh unit = 100 log (H + 7.57 - 1.7W®*"),
where H is albumen height in millimeters and W is egg
weight in grams . After the eggs had been broken, the
yolk was separated from the albumen and placed on a
flat glass surface. The height of the yolk was measured
using a digimatic height gauge (Tresna, IP54, USA), and
the width of the yolk was measured using a micrometer
caliper (Mitutoyo, Japan). The yolk index was calculated
using the following formula: Yolk index = Yolk height/
Yolk diameter . Albumen pH was measured using a pH
meter (Mettler Toledo, Switzerland).

Statistical Analysis

The study was organized as a randomized plot of trials, with
three covering materials (1%, 5%, and 10% gum arabic),
and a control group. At each measurement period, egg
quality analyses were carried out in 10 replicates for each
group. Variance homogeneity and Gaussian distribution,
which are parametric test assumptions, were checked
by Levene’s test and the Shapiro Wilks test, respectively.
The parametric test conditions were satisfied by various
transformations of non-normally distributed data. The
data on egg weight, egg weight loss, specific gravity, shell
strength, Haugh unit, yolk index, and albumen pH were
analyzed using one way analysis of variance (ANOVA)
followed by a post hoc Tukey’s multiple comparison test
for comparison between different treatment groups. A
value of P<0.05 was considered statistically significant
(Minitab 16).

RESULTS
Egg Weight Loss (%)

Table 1 shows the effects of storage temperature, gum
coating, and storage x gum coating interaction on egg
weight loss (%). Storage x gum coating interaction had
a significant effect on egg weight loss only at 21 and
28 days of storage (P<0.05). The lowest egg weight loss
was recorded in G10 after 21 and 28 days of storage at
25°C. However, there was no significant difference in egg
weight loss among treatment groups at 4°C after 28 days
of storage. Egg weight loss was 3.23% higher in the eggs
stored at 25°C than in the eggs stored at 4°C after 28 days
of storage.

Egg Specific Gravity (g/cm?)

Egg specific gravity values are given in Table 2. The effect
of storage temperature x gum coating interaction on the
specific gravity of eggs was significant only on day 28 of
the storage period (P<0.05). No significant differences in
egg specific gravity were found among treatment groups at
4°C after 28 days of storage, while the highest egg specific
gravity was found in G10 after 28 days of storage at 25°C.
Egg specific weight was affected by storage temperature in
all storage periods (P<0.05). The specific gravity of eggs
stored at 4°C was higher than those stored at 25°C in all
periods.

Egg Shell Strength (kg)
Table 3 presents eggshell strength values and the effects

Table 1. The effect of storage temperature, gum coating and their interaction on egg weight loss

Egg Weight Loss (%)
Treatment n Fresh Egg Weight (g)
7 days 14 days 21 days 28 days
25 40 53.10 1.38 2.56 3.83 5.09
4 40 54.68 0.65 0.82 1.30 1.86
Storage Temperature (°C)
SEM 0.578 0.107 0.046 0.066 0.104
P-value >0.05 <0.05 <0.05 <0.05 <0.05
C 20 54.48 0.82 1.73 2.48° 3.82*
Gl 20 54.90 1.28 1.80 2EPF 3.56"
G5 20 52.88 1.03 1.70 2.64° 3.80°
Gum Arabic !
G10 20 53.32 0.92 1.54 2.21¢ 2.71¢
SEM 0.817 0.151 0.065 0.093 0.147
P-value >0.05 >0.05 >0.05 <0.05 <0.05
25xC 10 52.92 123 2.60 3.82° b5
25xGl1 10 53.63 1.41 2.70 4.37° 5.36°
25x G5 10 52.21 1.37 2.57 3.75° 5.60*
25x G10 10 53.64 1.50 2.40 3.37¢ 3.90°
Storage Temperature (°C) 4xC 10 56.03 0.41 0.85 1.14¢ 2.12¢
x Gum Arabic 4xGl 10 56.16 1.16 0.91 1.48% 177
4x G5 10 53.54 0.69 0.83 1.534 2.01¢
4xG10 10 53.00 0.34 0.67 1.05° 1.52¢
SEM 1.156 0.213 0.092 0.131 0.207
P-value >0.05 >0.05 >0.05 <0.05 <0.05
*f Means within a column with different superscripts differ significantly (P<0.05); ! C: Control (with no application); G1: 1% gum arabic coating; G5: 5% gum arabic
coating; G10: 10% gum arabic coating; SEM: Standard Error Mean
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Table 2. The effect of storage temperature, gum coating and their interaction on egg specific gravity

Treatment . Tevadh l‘Egg Specific Egg Specific Gravity (g/cm?)
Gravity (g/cm’) 7 days 14 days 21 days 28 days
25 40 1.089 1.071 1.059 1.046 1.031
Storage Temperature (°C) 4 40 1.089 1.081 1.077 1.073 1.068
SEM 0.001 0.001 0.001 0.001 0.001
P-value >0.05 <0.05 <0.05 <0.05 <0.05
C 20 1.088 1.077 1.069 1.062: 1.047°
Gl 20 1.089 1.075 1.066 1.055¢ 1.048°
G5 20 1.089 1.075 1.068 1.058" 1.046"
Gum Arabic!
G10 20 1.088 1.079 1.069 1.064* 1.057¢
SEM 0.001 0.001 0.001 0.001 0.002
P-value >0.05 >0.05 >0.05 <0.05 <0.05
25xC 10 1.086 1.072 1.058 1.048 1.027¢
25x Gl 10 1.089 1.071 1.058 1.041 1.027¢
25x G5 10 1.091 1.068 1.058 1.045 1.026¢
25x G10 10 1.089 1.074 1.061 1.051 1.045°
Storage Temperature x 4xC 10 1.090 1.082 1.079 1.075 1.066°
Gum Arabic 4x Gl 10 1.089 1.079 1.074 1.069 1.069*
4xG5 10 1.088 1.081 1.077 1.070 1.066
4xGI10 10 1.088 1.083 1.077 1.077 1.070°
SEM 0.002 0.002 0.002 0.002 0.002
P-value >0.05 >0.05 >0.05 >0.05 <0.05
“¢ Means within a column with different superscripts differ significantly (P<0.05); ' C: Control (with no application); G1: 1% gum arabic coating, G5: 5% gum arabic
coating; G10: 10% gum arabic coating; SEM: Standard Error Mean

of storage temperature, gum coating, and storage x gum
coating interaction. The effect of storage temperature on
eggshell strength was only significant on day 14 of storage
(P<0.05). The egg shell strength of eggs stored at 25°C was
higher than those stored at 4°C on the 14" day of storage.

Haugh Unit

In Table 4, the effects of storage temperature, gum coating,
and their interaction on the Haugh unit are presented.
Storage temperature had a significant effect on the Haugh
unit at 14, 21, and 28 days of storage (P<0.05). The Haugh
unit of eggs stored at 4°C was higher than that of eggs stored
at 25°C on the 14", 21%, and 28" days of storage. There
were no effects of gum treatments and their interaction on
the Haugh unit in any of the storage periods.

Yolk Index

The effects of storage temperature, gum coating, and their
interaction on the yolk index are shown in Table 5. Storage
temperature x gum coating interaction had a statistically
significant effect on the yolk index only on day 21 of
storage (P<0.05). The lowest yolk index was recorded in
G1 after 21 days of storage at 25°C, while the highest yolk
index was obtained for C after 21 days of storage at 4°C.

Albumen pH

In Table 6, the effects of storage temperature, gum coating,
and their interaction on albumen pH are presented. Storage
temperature X gum coating interaction effects on the
albumen pH of eggs were significant only on the 7%, 14%,

and 21* days of storage (P<0.05). The lowest albumen pH
was obtained in G10 after 14 and 21 days of storage at 4°C.

The effect of storage temperature on albumen pH was
significant at 14, 21, and 28 days of storage (P<0.05). The
albumen pH of eggs stored at 4°C was lower than the
albumen pH of eggs stored at 25°C on the 14", 14", and
21+ days of storage.

DI1SCUSSION

As can be seen from Table I, the effect of gum arabic
coating on egg weight loss (%) was significant only on the
21*tand 28" days (P<0.05). The lowest egg weight loss was
found in GI10 after 21 and 28 days of storage (P<0.05).
No significant differences in egg weight loss were found
between the C and G5 after 21 and 28 days of storage.
Similar results were observed in eggs coated with oils '),
chitosan ¥ and proteins .. Ideally, egg weight loss should
be low during storage. Egg weight loss during the storage
period occurs as water in the albumen evaporates through
the eggshell pores ***"). This study found that when gum is
applied to eggs, especially 10% gum, it makes a protective
layer that stops water from evaporating through the
egg shell pores, which reduces egg weight loss while they
are in storage.

The effect of gum arabic coating on egg specific gravity was
significant on the 21* and 28" days of storage (P<0.05).
The highest egg specific gravity was detected in G10 after
28 days of storage. Egg specific gravity is considered an
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Treatment . Fresh Egg Shell Egg Shell Strength (kg)
Strength (kg) 7 days 14 days 21 days 28 days
25 40 3.916 3.678 4.322 4.620 4.681
Storage Temperature 4 40 4.219 3.811 4.665 4.529 4.611
) SEM 0.163 0.122 0.111 0.081 0.099
P-value >0.05 >0.05 <0.05 >0.05 >0.05
© 20 4213 3.845 4.348 4.637 4.778
Gl 20 4.126 3.650 4.608 4.376 4.617
. G5 20 3.955 3.568 4.681 4.511 4.531
Gum Arabic!
G10 20 3.977 3.914 4.336 4.772 4.659
SEM 0.213 0.172 0.156 0.114 0.139
P-value >0.05 >0.05 >0.05 >0.05 >0.05
BxC 10 4.147 3.868 3.901 4.738 4.899
25x Gl 10 3.841 3.767 4.536 4.409 4.573
25x G5 10 3.963 3.224 4.572 4.543 4.344
25x G10 10 3.715 3.851 4.278 4.788 4910
Storage Temperature 4xC 10 4278 3.822 4.795 4.535 4.657
(°C) x Gum Arabic 4xGl1 10 4411 3.534 4.680 4.344 4.661
4x G5 10 3.947 3912 4.789 4.479 4.718
4xGI10 10 4.239 3.976 4.394 4.756 4.409
SEM 0.302 0.243 0.221 0.161 0.197
P-value >0.05 >0.05 >0.05 >0.05 >0.05
LC: Control (with no application); G1: 1% gum arabic coating; G5: 5% gum arabic coating; G10: 10% gum arabic coating; SEM: Standard Error Mean

Table 4. The effect of storage temperature, gum coating and their interaction on Haugh unit

Haugh Unit
Treatment n Fresh Egg Haugh Unit
7 days 14 days 21 days 28 days
25 40 82.03 73.79 61.70 64.11 62.99
Storage Temperature 4 40 77.56 76.22 75.72 78.29 69.96
(°C) SEM 1.937 1.461 1.752 0.869 1.410
P-value >0.05 >0.05 <0.05 <0.05 <0.05
© 20 82.84 71.91 69.45 69.25 67.31
Gl1 20 80.38 77.29 66.35 71.59 64.93
G5 20 80.14 73.73 67.50 70.77 67.19
Gum Arabic! G10 20 75.82 77.09 7152 73.19 66.48
SEM 2.737 2.066 2.422 1229 1.994
P-value >0.05 >0.05 >0.05 >0.05 >0.05
25xC 10 85.10 74.81 59.88 63.70 61.87
25x Gl 10 80.17 73.19 58.12 63.48 63.25
25 x G5 10 83.71 70.81 62.70 63.11 64.72
25xG10 10 79.13 76.35 66.10 66.16 62.13
Storage Temperature 4xC 10 80.59 69.01 79.01 74.80 72.74
(°C) x Gum Arabic 4xGl 10 80.58 81.38 74.59 79.70 66.61
4x G5 10 76.56 76.65 72.32 78.43 69.66
4x G10 10 72.51 77.83 76.95 80.22 70.83
SEM 3.868 2.921 3.351 1.737 2.816
P-value >0.05 >0.05 >0.05 >0.05 >0.05
I'C: Control (with no application); G1: 1% gum arabic coating; G5: 5% gum arabic coating; G10: 10% gum arabic coating; SEM: Standard Error Mean

important indicator of egg shell quality ** Eggs with a
higher specific gravity have a stronger eggshell, which is
good for the egg industry .

The effects of gum coating and storage temperature x
gum coating interaction on egg shell strength were not
significantinany ofthestorage periods (Table 3). Yuceerand

Caner “Y stated that there were no significant differences
in shell strength between coated and uncoated eggs during
storage. On the other hand, the shell of uncoated (control)
eggs exhibited significantly lower puncture strength at
both the top and bottom than chitosan-coated eggs !*!\.
Similarly, Yiiceer and Caner ! reported that coating with
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Table 5. The effect of storage temperature, gum coating and their interaction on egg yolk index

«d Means within a column with different superscripts differ significantly (P<0.05); ' C: Control (with no application); G1: 1% gum arabic coating; G5: 5% gum

arabic coating; G10: 10% gum arabic coating; SEM: Standard Error Mean

Table 6. The effect of storage temperature, gum coating and their interaction on albumen pH

+d Means within a column with different superscripts differ significantly (P<0.05); ' C: Control (with no applica G1: 1% gum arabic coating; G5: 5% gum

arabic coating; G10: 10% gum arabic coating; SEM: Standard Error Mean

the breaking strength, the fewer losses due to breakage
during the collection, transportation, and storage of the
egg, which will provide an economic gain.

shellac and lysozyme-chitosan significantly increased
egg shell strength. The shell strength of a table egg is an
important economic issue for egg producers. The higher
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The fact that coating eggs with gum arabic did not affect
the Haugh unit in any storage period (Table 4) was found
to be consistent with the results reported by Xu et al.l*
who found no significant difference in the Haugh unit
between chitosan coated and control eggs after 31 and 36
days of storage at 25°C. Similarly, there were no significant
differences in the Haugh unit between control and eggs
coated with whey protein concentrate and rice bran oil
for 28 days at room temperature *.. On the other hand,
the Haugh unit of coated eggs was significantly higher
than that of control eggs during storage '*l. The Haugh unit
is the primary indicator of quality in the egg industry ©**
and the higher the Haugh unit, the better the albumen
quality of the egg. The Haugh unit decreases with the
decrease of the albumen height during storage as a
result of the increase in clusterin and ovoinhibitory
concentrations in albumen and the disordering of the
ovalbumin structure .

The effect of storage temperature on the yolk index was
significant in all storage periods (P<0.05). The yolk index
of eggs stored at 4°C was higher than the yolk index of eggs
stored at 25°C on the 7, 14", 21, and 28" days of storage.
This result seems to be in agreement with studies showing
that the yolk index decreases significantly with increasing
storage temperature “*, The effect of the gum treatment
on yolk index was significant at 14 and 28 days of storage
(P<0.05). The lowest yolk index was in G10 on the 14" day
of storage, but the yolk index of G10 did not significantly
differ from control on the 28" day of storage. These results
conflict with the findings of Caner and Cansiz %, Xu et
al.”?], Safavi and Javanmard ) who found that coated eggs
exhibited a significantly higher yolk index than un-coated
eggs during storage. The egg yolk index is a measure of
the strength of the yolk vitelline membrane and can be
used to indicate freshness. The higher the egg yolk index,
the better the yolk quality ). As a result of the weakening
of the egg yolk vitelline membrane, the water in the egg
white diffuses into the egg yolk and the egg yolk index

decreases [+,

The effect of gum treatment on albumen pH was significant
at 14, 21, and 28 days of storage (P<0.05). After 14, 21,
and 28 days, G10 had a lower albumen pH than the other
treatment groups (P<0.05). These results are consistent
with the studies of Biladeau and Keener **, and Caner and
Cansiz ! in which eggs were coated using chitosan and
whey protein, respectively. As the storage period increases,
albumen pH increases due to the removal of CO, through
pores in the eggshell P**%°l According to our results, the
gum arabic coating acts as a barrier against CO, loss from
the albumen through the eggshell pores.

As a result, coating the eggs with gum arabic had no
effect on eggshell strength, Haugh unit, or yolk index.
In addition, it was determined that the eggs coated with

10% gum arabic had better results in terms of egg weight,
specific gravity, and white pH compared to the eggs in the
other experimental groups. It is thought that 10% gum
arabic coating on table eggs will be effective in maintaining
freshness. Similarly, as the storage temperature increased,
most of the egg quality characteristics decreased. This
study may contribute to the preservation of egg quality
characteristics for a longer period of time during storage
in the egg industry. Future research should focus on
combining gum arabic with different coating materials to
enhance its physical barrier properties.
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Abstract: The weaning process in goat breeding is applied in various methods depending on the breeding administration. In this study,
blood and milk samples have been collected from Damascus goats at the weaning day (postpartum 105th day-weaned day) and a week
later (post-weaned day). In addition to determining cortisol and MDA in plasma, COX-2 and NFE2L2 activities have been investigated
both mRNA and protein levels from leucocytes and plasma. Compositional parameters of milk have also been analyzed and the possible
relations between studied parameters have been investigated. While expression levels of COX-2 and SCC of milk decreased, pH of milk
was increased in post-weaned day samples. The MDA, FFDM, protein, lactose and freezing point were decreased in the post-weaned day.
Milk fat was negatively correlated with NFE2L2, and milk protein had positively correlated with SCC and FFDM. On the other hand,
lactose was positively correlated with FFDM and protein. In addition, most of the compositional parameters positively correlated with a
freezing point; they were negatively correlated with electrical conductivity. According to the results obtained from the study, it is thought
that the decrease in milk fat in goats may be an indicator of increased oxidative stress in lactating goats due to the increase in NFE2L2
protein, which has a central role in the antioxidant response.

Keywords: COX-2, Damascus goat, Gene expression, NFE2L2, Weaning in goats

Siitten Kesim Donemindeki Damascus Kegilerinde Oksidatif Stresle
Iliskili Major Molekiiler Parametrelerin Siit Bilesimi Uzerine Etkileri

Oz: Kegi yetistiriciliginde siitten kesme islemi, yetistirme yonetimine bagh olarak cesitli yontemlerle uygulanmaktadir. Bu ¢alismada
Damascus kegilerinden siitten kesim giinii (postpartum 105. giin-Siitten kesim giinii) ve bir hafta sonra (siitten kesim sonrasi) kan ve siit
ornekleri alinmigtir. Plazmada kortizol ve MDAnin belirlenmesine ek olarak, COX-2 ve NFE2L2 aktiviteleri 16kosit ve plazmada hem
mRNA hem de protein diizeyinde arastirilmistir. Stit kompozisyon parametreleri de analiz edilmis ve ¢alisilan parametreler arasindaki
olast iligkiler aragtirilmistir. Siitten kesim sonrasi alinan 6rneklerde COX-2 ekspresyon seviyesi ve SCC azalirken, siit pH’s1 artmugtir. Siitten
kesim sonras1t MDA, FFDM, protein, laktoz ve donma noktasi seviyeleri diismiistiir. Siit yagi, NFE2L2 ile negatif korelasyon gosterirken siit
proteini, SCC ve FFDM ile pozitif korelasyona sahip olmustur. Bununla birlikte laktoz, FFDM ve protein ile pozitif korelasyon gostermistir.
Ek olarak, kompozisyon parametrelerinin ¢ogu donma noktasi ile pozitif, elektriksel iletkenlik ile negatif korelasyon gostermistir.
Caligmadan elde edilen sonuglara gore, kegilerde siit yagindaki azalmanin, antioksidan yanitta merkezi rolii olan NFE2L2 proteinindeki
artiga bagli olarak laktasyondaki kecilerde artan oksidatif stresin bir gostergesi olabilecegi ditgiiniilmektedir.

Anahtar sozciikler: COX-2, Damascus kegisi, Gen ekspresyonu, Kegilerde siitten kesim, NFE2L2
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INTRODUCTION

Goat is one of the precious farm animals in the supply of
quality milk and dairy products . It is reported that there
are more than 1000 goat breeds and more than 1 billion
goats worldwide 1>*. Breeding of goats is mainly preferred
for milk, and dairy products. Goat milk is an exceedingly
valuable animal product, especially for children, the elderly
and those with food allergies. As in other mammals, milk
is an essential requirement for the nutritional necessities
and maintenance of health in goat kids **!. Although there
are various changes between species, the milk sucking
period, which begins with colostrum in ruminants after
birth, ends with the transition to roughage and concentrated
feeds. Weaning is an important stress factor affecting the
health and growth performance of kids *¢. However,
physiological changes related to stress and oxidative stress
that may occur due to weaning in goats are known to a
limited extent ”!. On the other hand, the possible weaning-
related changes in milk composition are directly related to
milk quality are potentially crucial for goat breeding.

The weaning process in goat breeding is applied in
various methods and periods depending on the breeding
administration !, Milk production is also maintained in
varying periods after weaning. In this process, oxidative
stress may occur in mammals. It is known that oxidative
status crucially effects the physiology of the organism and
composition of milk . Although there are studies on
physiological changes in kids after weaning, there are few
studies investigating the remarkable changes in goats >°.
The study aimed to determine plasma cortisol and MDA
(Malondialdehyde) levels in the weaning process in
Damascus goats. COX-2 ((Cyclooxygenase 2) and NFE2L2
(Nuclear Factor Erythroid 2-Related Factor 2) activities
were also investigated both mRNA and protein levels in
leucocytes and plasma. The milk composition was analyzed
in this process, and the possible relations between studied
parameters were investigated.

MATERIAL AND METHODS

Ethical Statement

The study was approved by Hatay Mustafa Kemal University
Animal Experiments Local Ethics Committee (Approval
no: 2021/02-08).

Animals and Sample Collection

The study was conducted on a private farm in Hatay
Province in Tiirkiye in May 2021 (36°18°65.6”N and
36°18’63.9”E). Healthy and lactating Damascus goats
were used in the study (n=24). The health status of goats
was evaluated by veterinarians. Animals were selected by
random sampling method from a herd of approximately
100 goats on similar ages. The animals were at the 3%-4

lactation period and gave singleton birth (44-50 months
old). Approximately 2 m?/goat area was arranged for each
animal. Animals were fed with 1 kg/goat concentrate feed
(88.91% dry matter, 16.51% crude protein, and 2650 kcal/
kg total Metabolic Energy) and 1 kg/goat dry alfalfa.

Animals were weaned at postpartum 105" day (105+5).
Blood and milk samples were collected from goats at the
weaning day (Weaned) and a week later (post-weaned)
at the morning milking time. While blood samples were
collected from the left jugular vein into EDTA-containing
tubes with a volume of 10 mL, approximately 150 mL milk
samples from each animal were collected into falcon tubes
with 50 mL (three tubes were used). Sterile conditions
were complied with during sampling stages and nuclease-
free falcons were used. Before collecting milk samples,
goat’s udders were washed with alcohol-based disinfectant
and cleaned with water and sterile cotton gauze swabs. The
samples were transferred to the laboratory of Genetics in a
cold chain within about 30 min.

Determination of Composition, pH, and Somatic Cell
Count of Milk

Milk samples were manually homogenized before analysis
and 10 mL of each sample was stored at -80°C for MDA
analysis. While compositional parameters were measured
with a milk analyzer (Milkotester Master Classic LM2-P1,
Bulgaria), the pH of samples was determined with a pH
meter (Hanna pH meter, HI83141, USA). At the same
time, somatic cell counts of samples were determined
via somatic cell counter (Lactoscan SCC 6010, Bulgaria).
Validated devices were used to measure the composition,
pH, and somatic cell count of the samples.

Plasma and Leucocyte Collection from Blood Samples

Blood samples were centrifuged at 3000 xg for 10 min
at +4°C for the plasma and leucocyte collection. While
obtained plasma was portioned to 1.5 mL tubes, the
leucocyte layer of samples was transferred to new tubes
and treated with Red Blood Cell Lysis Buffer "'l Then the
samples were centrifuged at 3000 xg for 10 min at +4°C
and aqua phases were discarded. Approximately 1 mL of
TRIzol Reagent (Thermo Fisher Scientific, USA, Cat No:
15596018) was added to leucocytes pellets and samples
were homogenized by pipetting and stored at -80°C until
molecular analysis.

RNA Isolation and cDNA Synthesis

According to the modified Trizol method, total RNA
isolation was performed from leucocytes kept in Trizol
Reagent "%, Following the chloroform-isopropyl alcohol-
ethyl alcohol steps, the total RNA pellets were obtained.
According to the pellet sizes, samples were diluted with
30-50 pL nuclease-free water. Purity (A260/280) and RNA
concentration were measured by the nucleic acid meter
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(SMA-1000 Spectrophotometer, Merinton, China). In
addition, the integrity of RNA was evaluated with 1%
agarose gel electrophoresis.

Following the elimination of possible genomic DNA
contamination via DNA digestion kit (DNase I, RNase
free, Thermo Fisher Scientific, USA, Cat no: EN0521),
cDNA was synthesized using RevertAid First Strand
cDNA synthesis kit (Thermo Fischer Scientific, USA, Cat
no: K1621). Thermal cycler (BioRad T100, USA) protocol
was as follows: 10 min at 25°C, 120 min at 37°C and 5 min
at 85°C, respectively. Then, all samples were completed to
200 uL with nuclease-free water and kept at —~20°C until
the gene expression analysis.

Real-Time PCR Application

Amplifications of COX-2, NFE2L2, and ACTB genes were
performed in Real-Time PCR (Rotor-gene Q MDx 5plex
HRM, Qiagen, USA). SYBR Green dye-containing kit (Power
SYBR Green PCR Master Mix, Thermo Fisher Scientific,
USA, Cat no: 4367659) was used for the amplification.
ACTB was selected as the housekeeping gene. Each sample
was studied in duplicate and a 10 uL volume sample was
used for the reaction. The Real-Time PCR protocol was
as follows: 10 min at 95°C, followed by 15 s at 95°C, 60 s
at 60°C, and 40 cycles. Forward and Reverse sequences of
primers were presented in Table 1.

Determination of MDA Levels and ELISA Application

The levels of MDA from plasma and milk samples were
measured spectrophotometrically according to the method
reported by Esterbauer and Cheeseman "%, Cortisol, COX-
2, and NFE2L2 levels of plasma samples were determined
by goat-specific ELISA kits (E0021Go, E1375Go, E1376Go,
respectively, Bioassay Technology Laboratory, USA) at
450 nm with ELISA reader (AMR-100, Allsheng, China).

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics Software Version 23.0. The sample size was
calculated with G*Power software (Version 3.1.9.2). Result
of the sample size calculation showed that the minimum
number of Damascus goats was 24, considering an
effect size of 0.30, an alpha value of 0.05, and a power
of 0.80. The variables were examined as parametric test

assumptions. Spearman correlation coefficient was
performed to assess the correlation between SCC, MDA,
compositional parameters of milk, plasma concentration
levels of cortisol, MDA, COX-2, NFE2L2. A mixed model
for repeated measures was used to test the differences in
each variable between sampling periods (Weaned, Post-
weaned). Animals were included as a random factor in all
models, while sampling time was included as a fixed factor.
Pairwise comparisons were made using a Bonferroni
adjustment. Gene expression levels were calculated by the
2742 method. The results were determined by comparing
to “Weaned day” and presented as fold changes "°l.
Differences with P<0.05 were considered statistically
significant. Results were calculated as “Mean + Standard
Error of Mean” and presented as a figure.

RESULTS

The SCC of the Post-Weaned day samples were found to
be significantly lower (P<0.001). On the other hand, pH
values of milk increased on post-weaned days (P<0.05).
While the fat percentage and electrical conductivity
were found to be similar between sampled days, MDA
levels, FFDM (Fat-Free Dry Matter), protein, lactose, and
freezing point increased in the post-weaned day (Fig. 1).

The purity (A260/280=1.85%0.01) and concentration
(384.51+23.80 ng/uL) values of samples were appropriate
for conversion to cDNA and gene expression analysis.
Compared to Weaned day samples, the COX-2 gene was
downregulated almost 2-fold in samples of post-weaned
day (P<0.05). As with NFE2L2 gene expression results,
COX-2 and NFE2L2 protein levels were found to be
similar in plasma on both days (Fig. 2).

According to the correlation analysis, variable and
significant correlations were found between studied para-
meters (Table 2). Milk fat levels were negatively correlated
with NFE2L2 protein levels; milk protein was positively
correlated with SCC and FFDM (P<0.05). On the other
hand, lactose was positively correlated with FFDM and
milk protein. In addition, while most of the composition
parameters were positively correlated with the freezing
point, a negative correlation was found between electrical
conductivity and these parameters at varying significance
levels (P<0.05) (Table 2).

Table 1. Forward and reverse sequences of primers used in the study

Genes Forward and Reverse Sequences Product Length Reference
cox:2 R 5" GCCTGCTTGTCTGGAACAAC Y 1425
o e
4o R 5 TGTTGGCATACAGGTCCTTIC > 105%p
Bp: Base-pair
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DISCUSSION sucking the kids is an inevitable application for developing

Goat milk has recently become a valuable animal product
that attracts tremendous attention due to the realization
of its positive effects on health. Therefore, goat breeding
is mainly done for milk production ["”'®.. Even if the milk
yield is a major factor affecting profitable production,

their immunity and sustainable health. Weaning is applied
at different periods among breeders depending on the
type of breeding, breed of animal, and environmental
factors """l After weaning, researchers mainly focus on
the health status and developmental changes of kids 2.
However, there is limited knowledge at the molecular
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Table 2. Correlations between studied parameters

Item Cortisol | COX-2 | NFE2L2 | MDA xli)“; SCC | Fat | FEDM | Protein | Lactose Fr;:iz;‘g Cf::fiﬁ::ty pH
Cortisol 1.000 -0.178 | -0.015 | 0.089 | 0.091 | -0.056 | 0.133 0.239 0.219 0.270 0.264 -0.230 -0.099
COX-2 1.000 -0.102 | 0.084 | 0.130 | -0.084 | 0.049 | -0.116 | -0.051 -0.108 -0.076 -0.144 -0.212
NFE2L2 1.000 | -0.169 | -0.142 | -0.225 | -0.320* | -0.093 -0.097 -0.114 -0.159 0.210 -0.109
MDA 1.000 | -0.041 | -0.169 | -0.025 | -0.037 | -0.091 -0.029 -0.056 0.129 0.014
Milk MDA 1.000 | 0.251 | 0.115 0.153 0.129 0.137 0.193 -0.232 -0.153
SCC 1.000 | 0.163 0.245 0.283% 0.230 0.296* -0.074 -0.190
Fat 1.000 0.058 0.049 0.042 0.231 -0.472%* 0.030
FFDM 1.000 | 0.967 | 0.991°°%* | 0.975%** -0.532* 0.031
Protein 1.000 0.965* | 0.956*** -0.579*** 0.028
Lactose 1,000 0.969* -0.532%%* 0.051
Freezing P. 1.000 -0.619¢* 0.020
Electrical C. 1.000 -0.133
pH 1.000
* P<0.05; ** P< 0.01; *** P<0.001, FFDM: Fat-Free Dry Matter, Freezing P: Freezing Point, Electrical C: Electrical Conductivity

levels about stress and oxidative stress status of goats after
weaning application.

During the weaning process, cortisol levels in plasma
have been found similar in goats in this study. While
plasma cortisol levels have been widely used as a potential
biomarker for the determination of stress, it has been
reported in several studies that the cortisol levels of
plasma might vary depending on the endogenous and
non-specific environmental factors such as circadian
rhythm and season [°.. In addition, the hypothalamic-
pituitary-adrenal (HPA) axis is also responsible for
maternal stress in response to lactation in mammals 2!,
However, considering the postpartum weaning time,
the stable cortisol levels in plasma are thought to be
due to physiological reasons. Indeed, the stress-related
mechanisms become sensitive to various stress factors
starting from late pregnancy ©?'. It is believed that during
the different lactation stages, molecular activities in
physiological and biological pathways might affect these
parameters 10221,

MDA is the main product of oxidative stress, and it
is widely used as a biomarker in tissues and biological
liquids to detect oxidative stress status *l. Although it
has been reported that plasma MDA levels may change
even depending on the differences of ratio ingredients, it
has been found similar in both sampled days . COX-
2 and NFE2L2 are highly active transcription factors for
maintaining oxidative balance. While COX-2 activity
increases on the oxidative stress state, NFE2L2 has
a significant role in response to oxidative stress ['>*°],
NFE2L2 is also an antioxidant transcription factor in the
organism ¢, It has been known that COX-2 and NFE2L2
are the most related genes with the oxidative status of

the tissues and biological liquids "". While COX-2 gene
expression has been found almost 2-fold downregulated
on the post-weaned day, there are no statistical differences
between two different sampled days regarding NFE2L2
gene expression levels. It has been thought that the
response to weaning might be the main reason for the
downregulation of COX-2 gene expression levels.

On the other hand, post-transcriptional mediators such
as miRNAs might be the reason for the similar levels
of the proteins encoded by the COX-2 gene 7., As it is
well known, miRNAs regulate the levels of proteins in
several pathways. On the other hand, there are few studies
on circulating and milk miRNAs in goats. Also, there are
still newly identified miRNAs in ruminants %],

MDA levels, which were at similar levels in plasma, were
significantly reduced in post-weaned milk as somatic cells.
SCC has known as an effective indicator of mammary
gland health. Higher SCC in goat milk is generally
considered physiological because of the apocrine type of
secretion. However, it is reported that milk SCC should
be below one million for the mammary glands to be
considered healthy. In small ruminants, SCC shows a
wide range "'/, Although SCC is within the physiological
limits, it is thought that the number of somatic cells
decreased with weaning may have occurred depending
on the suckling behavior of the offspring °**!l. In contrast
to our findings, it has been found in a study conducted
Murciano-Granadina goats that weaning does not affect
SCC in milk P2, Even if it has been reported that MDA
and SCC are related parameters in milk, no correlation
has been found between these two parameters "%, The
obtained results suggest that the oxidative balance in the
mammary gland has a more complex molecular network
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than anticipated. Furthermore, the pH value of milk was
significantly increased. While it is known that the pH
value of milk is strongly related to the composition and
SCC of milk, it has been thought that other parameters
such as minerals in milk are thought to be the reason for
obtained results 1+,

Although the contents of ration and the lactation period
were similar, the compositional parameters significantly
changed in post-weaned milk. While FFDM, protein,
and lactose content of milk decreased, the freezing point
of milk increased concerning these findings. During
suckling, udder stimulation and evacuation affect milk
composition in the mammary gland "7\ In addition,
hormonal regulation and weaning period have also been
thought to lead to variable changes in milk composition
during the weaning process %+,

Even if variable correlations were detected between
studied parameters, one of the most remarkable findings
was the negative correlation between plasma NFE2L2
protein levels and milk fat. NFE2L2 has an influential role
in cellular defense against elevated oxidative damage !,
In addition to a crucial mission in response to oxidative
stress, it has been reported that the NFE2L2 is a potential
regulator of fatty acid metabolism “"*?!. The study pointed
out that deletion of NFE2L2 gene has led to obesity in
mice fed with high-fat diets [**/. Therefore, the negative
correlation between NFE2L2 and milk fat has been
considered reasonable. While most researchers focus on
the relation between NFE2L2 and oxidative status, energy
metabolism has gained importance with this transcription
factor. According to the results obtained from the study,
it is thought that the decrease in milk fat of goats may be
an indicator of increased oxidative stress in lactating goats
due to the increase in NFE2L2 protein.

In conclusion, it has been thought that notable findings
on several parameters on milk and plasma of goats after
the weaning process have been obtained with this study.
The mechanism of suckling-related stress and molecular
changes in farm animals, particularly in small ruminants,
is still largely unknown. According to the obtained results
about the relation between NFE2L2 and milk fat, it is
thought that possible regulators of NFE2L2 should be
investigated at the molecular levels in ruminants. Due
to the particular importance of goat milk, it is thought
that further studies are required at the molecular level,
particularly in the weaning process.
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Abstract: This study was carried out to determine the effect of silage type, silage consumption, birth type (single or twin) and birth weight
on live weight at the end of fattening in Kivircik lambs. In the experiment, 40 male Kivircik lambs aged 2.5-3 months were used and the
animals were fattened for 56 days. During the fattening period, the lambs fed with 5 different types of silage (100% sunflower silage, 75%
sunflower + 25% corn silage, 50% sunflower + 50% corn silage, 25% sunflower + 75% corn silage, 100% corn silage) pure and mixed in
different proportions and concentrate feed. Data on fattening results were analyzed with MARS and Bagging MARS algorithms. The main
objective of this research is to predict fattening final live weight (FFLW) of lambs using Multivariate Adaptive Regression Splines (MARS)
and Bagging MARS algorithms as a nonparametric regression technique. Live weight value was modeled based on factors such as birth
type, birth weight, silage type and silage consumption. Correlation coefficient (r), determination coefficient (R?), Adjust R? Root-mean-
square error (RMSE), standard deviation ratio (SD ratio), mean absolute percentage error (MAPE), mean absolute deviation (MAD), and
Akaike Information Criteria (AIC) values of MARS algorithm predicting live weight were as follows: 0.9986, 0.997, 0.977, 0.142, 0.052,
0.2389, 0.086 and -88 respectively. Like statistics for Bagging MARS algorithm were 0.754, 0.556, 0.453, 1.8, 0.666, 3.96, 1.47 and 115
respectively. It was observed that MARS and Bagging MARS algorithms have revealed correct results according to goodness of fit statistics.
In this study it has been determined that the MARS algorithm gives better results in live weight modeling.

Keywords: Kivircik lamb, Silage type, Birth weight, Birth type, Data mining

Kivircik Kuzularda Silaj Tipi, Silaj Tiiketimi, Dogum Tipi ve Dogum
Agirhiginin Besi Sonu Canli Agirlik Uzerine Etkilerinin MARS ve
Bagging MARS Algoritmalari ile Saptanmasi

Oz: Bu ¢alisma, Kwvircik kuzularinda silaj tipi, silaj tiiketimi, dogum tipi (tek veya ikiz) ve dogum agirliginin besi sonu canl agirhiga
etkisini belirlemek amaciyla yapilmistir. Deneyde 2.5-3 aylik 40 erkek Kivircik kuzu kullanilmis ve hayvanlar 56 giin beslenmistir. Kuzular
besi doneminde 5 farkls silaj gesidi (%100 aygigegi silaji, %75 aygigegi + %25 musir silaji, %50 aygigegi + %50 musir silaji, %25 aygicegi
+ %75 musir silaji, %100 musir) saf ve farkli oranlarda karistirilmis ve konsantre yem ile beslenmistir. Besi sonuglarina iliskin veriler
MARS ve Bagging MARS algoritmalari ile analiz edilmistir. Bu aragtirmanin temel amaci, parametrik olmayan bir regresyon teknigi
olarak Cok Degiskenli Uyarlanabilir Regresyon Splines (MARS) ve Bagging MARS algoritmalarini kullanarak kuzularin canli agirligini
tahmin etmektir. Canli agirlik degeri, dogum tipi, dogum agirligy, silaj tipi ve silaj titketimi gibi faktorlere gére modellenmistir. Canli
agirhigi tahmin eden MARS algoritmasi igin korelasyon katsayisi (r), belirleme katsayis1 (R?), Diizeltilmis R?, Hata Kareler Ortalamasinin
Karekokii (RMSE), standart sapma orani (SD orani), ortalama mutlak yiizde hatas: (MAPE), ortalama mutlak sapma (MAD) ve Akaike
Bilgi Kriterleri (AIC) degerleri sirasiyla 0.9986, 0.997, 0.977, 0.142, 0.052, 0.2389, 0.086 ve -88dir. Bagging MARS algoritmasi igin
benzer istatistikler sirasiyla 0.754, 0.556, 0.453, 1.8, 0.666, 3.96, 1.47 ve 115dir. MARS ve Bagging MARS algoritmalarinin uyum iyiligi
istatistiklerine gore dogru sonuglar ortaya koydugu gézlemlenmistir. Bu ¢aligmada, MARS algoritmasinin canli agirhik modellemesinde
daha iyi sonuglar verdigi ortaya ¢ikmistir.

Anahtar sozciikler: Dogum tipi, Dogum agirligi, Veri madenciligi, Kivircik kuzusu, Silaj
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INTRODUCTION

Approximately 70% of the expenses of the enterprises
engaged in animal production are roughage and intensive
feed costs . This is very important in terms of showing
how effective and decisive the feed is in the development of
livestock. Today, where the demand for animal products is
increasing, more and more roughage and concentrate feed
production is needed for more animal food production.

In order to obtain high efficiency from animals, it is
necessary to meet the nutrient needs in a balanced and
sufficient level, and for this purpose, it is necessary to use
quality roughage and concentrate feed sources. Roughage
is generally divided into two groups as dry and watery
roughage. Dry roughage, hay, straw and products with a
crude cellulose content of 18% or higher, roughage consists
of green fodder plants such as alfalfa, sainfoin, vetch,
silage, roots and tubers.

One of the main problems of animal husbandry is the
difficulties in obtaining good quality, cheap and sufficient
amount of roughage. Many countries are faced with
important problems, especially in terms of meeting the
need for quality roughage ?.. Problems in the supply of
quality roughage is one of the most important reasons
for the low yield per animal in many countries. It is only
possible to reduce the amount of intensive feed used in
animal feeding, which is expensive, by using quality
roughage. In this context, one of the important sources to
refer to is silage ©\.

It is not possible to meet the nutritional requirements
of ruminant animals only with concentrate feeds. It is
possible to realize both economical and rational feeding
by adding silage as well as concentrate and roughage to the
rations. It is possible to meet the green feed requirements
of animals fresh from nature only in certain periods of the
year due to vegetation conditions. In countries located in
the Mediterranean climate zone, the vegetation period is
approximately 200 days. Therefore, the fresh and green
roughage needs of animals have to be met from different
sources during the rest of the year. Green and fresh
roughage given to animals by grazing or mowing during
vegetation periods cannot be stored for a long time without
spoiling due to the high water content they contain. For
this reason, water-rich roughage should be stored until the
period of use with different methods.

Among the forage crops produced for silage, cereals such as
corn, wheat and sorghum, which have high water-soluble
carbohydrate content and low buffer capacity, come first,
but in many countries, corn silage constitutes a very large
part of the total silage production . However, sunflower,
which is an annual industrial plant in some regions, is
thought to be one of the plants that can be an alternative
to corn in silage production. Although sunflower is mostly

cultivated as a second crop after grains, it is currently used
as a source of roughage by ensiling or grazing. Although
sunflower is grown for different purposes (oil, pulp and
snack food, etc.) around the world, it is also grown as a silage
plant in many countries. Sunflower cultivation is easier
than corn, and it can be used for silage as an alternative
to corn, especially in regions that do not receive much
precipitation and irrigation facilities are limited. It is
possible to benefit from sunflower as an important forage
plant, thanks to its ability to be silage in a shorter time
than corn, its tolerance to high and low temperatures, and
its high adaptability to various soil conditions .

Although silage is one of the most important roughage
sources used in the feeding of sheep and goats as well
as cattle in countries with developed livestock, silage
production and use are still insufficient in some countries.
Especially, the use of silage is very low in small ruminant.
However, it has been reported that silage feed has started
to be used in the rations of small ruminant in recent
years [,

In recent years, it has been reported that there has been a
decrease in the number of Kivircik sheep in the province
of Balikesir - Tiirkiye, due to the conversion of meadow
and pasture lands into field crops production area, and
sheep breeding tends towards intensive breeding ..
Addition of yeast or malic acid to the feed did not have a
statistically significant effect on performance in Kivircik
lambs fed with high concentrate feed. At the end of the
60" day, the average live weight was 35.5 kg in those fed
with yeast addition and 35.8 kg in those fed with malic
acid addition . The change in live weight until the adult
period in sheep breeding gives an idea about whether the
breeding programs and production system are appropriate.

In a study conducted at Istanbul University Faculty of
Veterinary Medicine, 52 Kivircik lambs were included
in the trial. It has been reported that the lambs reared
with the concentrate-based system grew 30% faster than
pasture-based system during the trial period .. Fifty-five
Kivircik lambs selected from Balikesir Sheep Breeding
Research Institute herds in Tiirkiye was determined that
birth weight, weaning weight and final body weight were
significantly affected by gender and birth type !"°.

In Kivircik lambs reared intensively, 211 g live weight
gain and 33 kg body weight after fattening were measured
during the 68-day fattening period "Y. In an another
study, the daily live weight gains of Kivircik lambs raised
by intensive method were reported as 276 g during
the 63-day fattening period and 44.68 kg at the end of
fattening 2.

The main hypothesis of this study is that factors such as
silage type, silage consumption, birth type and birth weight
significantly affect the live weight of lambs.
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In this study, it was aimed to investigate the effects of
different silage type, silage consumption, birth type (single
or twin) and birth weight on the live weight of Kivircik
lambs at the end of fattening by using some data mining
methods.

MATERIAL AND METHODS
Ethical Statement

This study was carried out with the approval of Bursa
Uludag University Animal Experiments Local Ethics
Committee dated 07.01.2020 and numbered 2020-01/02.

Material

This study was carried out in a semi-open barn in a sheep
farm belonging to Bursa Uludag University Agricultural
Application and Research Center. In the study, 40 Kivircik
male lambs aged 2.5-3 months and an average live weight
of 23-25 kg were used as animal material. The fattening
lambs were housed in individual compartments during
the experiment and individual feeding was applied to
the animals during the 56-day fattening period. During
the trial period, the live weights and feed consumptions
of the lambs were determined individually and in 2-week
periods.

During the experiment, lambs were fed 5 different silages
(100% sunflower silage, 75% sunflower + 25% corn silage,
50% sunflower + 50% corn silage, 25% sunflower + 75%
corn silage, 100% corn silage) as pure and mixed. Lambs
housed in individual chambers consumed the silage
mixtures of their groups ad libitum. In addition to the silage
mixtures consumed by the lambs, 700 g of concentrate feed
per animal was given in the first 4 weeks of the experiment.
Later, this amount was increased to 900 g for 4 weeks, and
to 1400 g in the last 2 weeks of the experiment, taking into
account the daily nutrient needs of the lambs.

The lambs were fed once a day at 09:00 in the morning.
The remaining feed from the feeders in the individual
compartments was collected and weighed daily before
new feeding was made the next day, and the amount of
silage mixture and concentrated feed consumed by each
animal daily was determined. Fresh and clean drinking
water was always available in front of the lambs. During
the fattening period, the live weights of the lambs were
determined by control weighing made every 14 days.
Weights of the animals at the beginning of fattening and
other control weights were made on an empty stomach.

Method

Data on fattening results were analyzed with MARS and
Bagging MARS algorithms. MARS (Multivariate Adaptive
Regression Splines) algorithm was proposed by Friedman !**!
in order to study the non-linear relationships between
independent variables and dependent variable(s). For the

MARS algorithm, no assumptions about functional relation-
ships between dependent and independent variables are
needful. It is a nonparametric statistical method that takes
a basis for a divide.

The MARS model is highly flexible with the combination
of hinge functions and two of them multiplied together,
allowing for bends, thresholds, and other departures from
typical linear functions "*'%I.

The optimization procedure of the MARS model primarily
consists of forward and backward phases. During this
process, the forward phase generates basis functions,
and finds the location of potential knots in a stepwise
manner, leading to overfitting and complexity. Thereby,
the backward phase intends to increase the generalization
ability of the model by calculation. Piecewise functions are
divided into three: These are a constant, a hinge function
and a product of two or more hinge functions for different
predictors. A hinge function is as follows .

x—t x>t
max (0,x —t) = { ’ . .
( ) 0, otherwise
here t location t is called knot for the basis function [,
MARS model is established as a linear combination of
basis functions and interrelation, explained as follow [*l.

N
FG) = Bo+ ) BiBi0)
i=1

here each Bi(x) is the i basis function. The coefficient
f%, is a constant, while f§; is the coefficient of the i basis
function, determined by the least-squares method, and
f(x) produces the predicted value. The basis function,
which demonstrates the largest decline in the training
error, will be added to the model up to the specified
maximum number of basis functions are achieved.

Model subsets are compared using generalized cross-
validation (GCV). The GCV is a shape of regularization
that trades off the goodness of-fit against the model
complexity. The GCV of a model is defined as follows 7).

% L — £ (x)?

M+ d(M — 1)/2]2
n

1

here M is the number of basis functions, and d is the
penalizing parameter. The optimal value of d usually falls
in the range of 2 < d < 4, and generally d = 3 is used ["*.

The residuals are the difference between the values (x)
predicted by the model and corresponding response
values y. The residual sum of squares (RSS) is the sum of
the squared values of residuals:
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RSS = ) (i - f(x)?

The total sum of squares (TSS) is calculated as the sum
over all squared differences between the response y and
its mean :

n
1SS = ) 0= 97
i=1

Generalized R? or GRSq is the generalization performance
of the model estimated using the MARS algorithm. GRSq
can be explained as follows "],

GCV
=1-———0

GRS, RSS

GCV is important a statistic for MARS algorithm because
it is used to evaluate model subsets in the backward pass.

Bagging (Bootstrap aggregating) MARS algorithm uses
bootstrapping among resampling techniques. Bagging
models can ensure their own internal estimate of predictive
accuracy correlating well with either cross-validation
estimates or test set estimates ). Bagging method is used
as a tool to shape a more stable classifier. Bagging predictor
is a method to generate multiple versions of predictors
and use them for aggregate predictors . Bagging is used
for the purpose of improve the classification accuracy of
the MARS method. Thus, this study is expected to obtain
better modelling and classification functions through
bagging MARS method '\

To comparatively test the estimate criteria of all the models,
the following goodness of fit criteria were determined >%);

1. Pearson correlation coefficient (r) between the observed
and predicted dependent variable values.

2. Coefficient of determination

o2 g _ L0 =90
Z?:l(yi - }_/)2
3. Adjusted coefficient of determination
1 N (v — 52
Adj.R? =1 - 2= k — 121':1(}’1' )

_— 37)2

4. Root-mean-square error (RMSE) given by the following
formula.

1
=1 2=

RMSE = j S5 = 92

5. Standard deviation ratio (SD,.)

1 ici(& — )3
y)?

SDrgtio =

n— 12 1(Yl

6. Mean absolute percentage error (MAPE)

MAPE _—Z|y‘ y| 100

7. Mean absolute deviation (MAD)

n
1
MAD == Iy, - 3|
i=1

8. Akaike Information Criteria (AIC)

n
L 5.)2
a1c = n[y @23
i=1 "

If its standard ratio value is 0.40 or 0.10, then a regression
model applied had a good fit or a very good fit was
underlined that by Grzesiak and Zaborski .

In order to building MARS and Bagging MARS predictive
models, the earth package proposed by Milborrow 272! in
RStudio software was used 1*°. Also, the ehaGoF package
was used to measure the predictive quality of the evaluated
MARS models 1\,

+ 2k

RESULTS

Introductory statistics on birth weight, silage consumption
and final live weight in Kivircik lambs according to birth
type are given in Table 1.

Table 1. Descriptive statistics for birth type

Statistics BT BW SC FFLW
Single 13 13 13
N
Twin 27 27 27
= Single 4.64 917 37.5
Twin 4.03 932 36.6
- Single 0.188 107 0.889
X
Twin 0.084 72.3 0.478
Single 0.678 388 3.21
s
Twin 0.438 375 2.48
Single 3.6 479 34.1
Min
Twin 3.4 320 32.4
Single 6 2049 45.3
Max
Twin 5 1972 41.3

BT: Birth type, BW: Birth weight (kg), SC: Silage consumption (g), FFLW:

Fattening final live weight (kg)
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Fig 1. Silage consumption, live weight at birth and fattening final live weight at the end of the fattening period by birth type

As seen in Table 1, 13 of the 40 Kivircik lambs were born as
singles and 27 of them were twins. The mean birth weight
of the lambs was 4.64 kg in single and 4.03 kg in twins.
While single lambs consumed an average of 917 g of silage
per day, twin lambs consumed 932 g of silage. The average
live weight at the end of fattening is 37.5 kg in single lambs
and 36.6 kg in twin lambs. The values belonging to single
and twin lambs is presented in Fig. I.

In Table 2, introductory statistics for silage consumption,
birth weight and post-fattening live weight are presented
according to silage type.

When evaluated according to silage type, lambs fed 50%
corn and 50% sunflower and average birth weight (4.56
kg) consumed the most feed. The body weight at the end
of fattening was found to be higher at 37.4 kg (feeding
with 100% corn, 75% maize + 25% sunflower, 50% maize
+ 50% sunflower) in the first 3 groups (Table 2, Fig. 2).

Multivariate Adaptive Regression Splines (MARS) and
Bagging MARS algorithms, which are data mining methods,
were applied in order to examine the effects of factors
affecting the end of fattening body weight Kivircik lambs.

Fattening body weight (LW) variable is the dependent
variable, while delivery type (BT), silage type (ST), birth
weight (BW) and daily average silage consumption (SC)
variables are also independent variables. Goodness of
fit statistics calculated for MARS and Bagging MARS
algorithms are given in Table 3.

Predictive performances of MARS and Bagging MARS
were assessed comparatively in predicting FFLW. Their
goodness-of-fit-criteria outcomes are summarized in
Table 3. The superiority order in the predictive accuracy
of the mentioned algorithms was MARS > Bagging MARS
according to the estimated model evaluation criteria.
Inasmuch as, greater in the first criteria is better, whereas
smaller in the remaining criteria is better. The predictive
performance of the MARS algorithm was found better
than Bagging MARS. Results of the MARS algorithm for
Kivircik lambs are presented in Table 4. The GCV value
of the MARS model was 0.0201. For the Kivircik lambs,

Table 2. Descriptive statistics for silage type

BW: Birth weight (kg), SC: Silage consumption (g), FFLW: Fattening
final live weight (kg)
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Fig 2. Silage consumption and final live weight according to silage type. Here, the graph of the descriptive statistics of these variables

is shown
able Pre perfo 0 RS a Bagging AR go
Methods r R? Adj. R? RMSE SD Ratio MAPE MAD AIC
MARS 0.9986 0.997 0.977 0.142 0.052 0.239 0.086 -88
Bagging MARS 0.754 0.556 0.453 1.8 0.666 3.960 1.47 115
RMSE: Root-mean-square errot, SD ratio: Standard deviation ratio, MAPE: Mean absolute percentage error, MAD: Mean absolute deviation, AIC: Akaike
Information Criteria

the observed FFLW values of the MARS model with the
interaction order of 3 displayed much better fit.

The model equation of the MARS algorithm is as follows.

FFLW = 42.9 - 33 * Typetwin - 2.75 * SilageCorn50Sunflo50 + 8.06
* SilageCorn75Sunflo25 - 4.5 * SilageSunflower100 + 33.5 * max(0,
4.1-BW) -26.7 * max(0, BW - 4.1) - 0.0406 * max(0, silage - 745) +
0.034 * max(0, silage - 774) + 0.0647 * max(0, silage - 838) - 0.0875 *
max(0, silage - 960) - 0.266 * max(0, 1024 - silage) + 0.0265 * max(0,
silage - 1024) - 5.89 * Typetwin * SilageCorn25Sunflo75 -1.27 *
Typetwin * SilageCorn50Sunflo50 + 6.13 * Typetwin * BW-0.0204 *
SilageCorn75Sunflo25 * silage + 7 * Typetwin * max(0, BW- 4.1) +
0.0243* Typetwin*max(0,1024-silage)-4.38* SilageCorn25Sunflo75
* max(0, 4.1-BW) - 34.7 * SilageCorn25Sunflo75 * max(0,
BW - 4.1) + 0.00549 * SilageCorn25Sunflo75 * max(0, 1024 -
silage) + 14 * SilageCorn50Sunflo50 * max(0, 4.1 - BW) +
0.000967 * SilageCorn50Sunflo50 * max(0, silage - 1024)
+ 42.9 * SilageCorn75Sunflo25 * max(0, BW - 4.1) - 0.137 *
SilageCorn75Sunflo25* max(0,silage-1024)-41*SilageSunflower100
* max(0, 4.1 - BW) + 0.00515 * SilageSunflower100 * max(0, 1024
- silage) + 0.0598 * BW * max(0, 1024-silage) + 0.0139 * max(0,
BW - 4.1) * silage-6.39 * Typetwin * SilageCorn25Sunflo75 *
max(0, BW - 4.1) + 0.00468 * Typetwin * SilageCorn75Sunflo25 *
max(0, 1024 - silage) + 30.1 * Typetwin * SilageSunflower100 *
max(0, 4.1 - BW) + 0.049 * SilageCorn25Sunflo75 * max(0, BW -

4.1) * silage

Among independent variables, the most important and
highest positive effects SilageCorn75Sunflo25 * max(0, BW
-4.1),max(0,4.1 - BW) and Typetwin * SilageSunflower100
* max(0, 4.1 - BW) explained the variability in FFLW
in the MARS algorithm, successfully. Likewise, highest
negative effects SilageSunflower100 * max(0, 4.1-BW),
SilageCorn25Sunflo75 and Typetwin defined the variability
in FFLW in the MARS algorithm.

The relative importance of the independent variables is
presented in Table 5.

As seen in Table 5, the greatest importance order was
obtained for silage (100%), BW (96.7%), SilageSunflower100
(83%), SilageCorn25Sunflo75 (74.9%), SilageCorn75Sunflo25
(72%), Type twin (67.4%) and SilageCorn50Sunflo50 (67.4%).

The distribution graphs of observed predicted values of
FLW was indicated in Fig. 3.

In this study, it was observed that there was a bilateral
interaction between the variables. The graph representing
the three-dimensional surface of the analysis results and
the relationship between a pair of predictor variables and
the objective variable is presented in Fig. 4.

The prediction equation of the Bagging MARS algorithm
as below.

FFLW = (32.87505 +17.8484 * max(0, 4-BW) + 13.0234 *
max(0, BW-4) - 18.91613 * max(0, BW-4.4) - 0.008153931
* max(0, 1020.86 - silage) + 0.005381609 * max(0, silage
- 1020.86) + 3.473147 * Typesingle * max(0, BW-4) +
2.749936 * SilageCorn25Sunflo75 * max(0, BW-4) + 21.03818
* SilageCorn50Sunflo50 * max(0, 4-BW) + 0.01457022 *
SilageCorn75Sunflo25 * max(0, 1020.86-silage) - 14.40757
* SilageSunflower100 * max(0, 4-BW) + 50.10852 - 3.484945
* SilageCorn50Sunflo50 - 20.27059 * max(0, BW-3.6)
+19.93425 * max(0, BW-4.2) - 17.32094 * max(0, 4.4-BW) +
8.801585 * SilageCorn50Sunflo50 * max(0, 4.4-BW) - 2.844158
* SilageSunflower100 * max(0, 4.4-BW) + 0.003617947 *
max(0, 4.4-BW) * silage + 0.003469904 * max(0, BW-4.4) *
silage + 38.08742 - 0.005349635 * max(0, 1024.79-silage) -
0.01436351 * SilageSunflower100 * max(0, 1024.79-silage)/3
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Table 4. Results of the MARS algorithm for Kivircik lambs

Significance codes: 0 *** 0.001 ***0.01 **0.05 7 0.1 *’ 1

According to this obtained equation, in the first boot
strap, an increase of 13.02 kg in lambs with BW>4, 3.47 kg in
singles with BW<4, 2.75 kg for BW>4 fed 25% corn and 75%
sunflower, 21.04 kg in BW<4 fed 50% corn and 50% sun-
flower is expected. In the second bootstrap, an increase of
19.93 kg in lambs with BW>4.2, 8.8 kg in those fed with
50% corn and 50% sunflower BW<4.4 is expected. In the
third bootstrap, a small decrease of 0.005 kg in those with
slage<1024.79 and in body weight of 0.014 kg is expected in
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lambs with slage<1024.79 g fed 100% sunflower is expected.

The plot between the predicted and observed FFLW
values is showed in Fig. 5 for Bagging MARS algorithm.

In the Bagging MARS model, there is a dual interaction
between the variables. The graph showing the three-
dimensional surface explaining the relationship between
the independent variables and the dependent variable
is given in Fig. 6.
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Table 5. Relative importance of model independent variables

SilageCorn50Sunflo50

67.4

of subsets that include the variable

BW: Birth weight, GCV: Generalized cross-validation, Number of Subsets:
Variable importance using the “number of subsets” criterion. The number
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Fig 6. Model surface plots in Bagging MARS algorithm

Di1sCcuUsSION

In the present study, two different techniques were used
to determine the effect of silage type, silage consumption,
birth type and birth weight on live weight in Kivircik
lambs: MARS algorithm and Bagging MARS algorithm.
In different studies, the values obtained regarding the
performance of the fattening lambs show significant
differences depending on the feeding method, fattening,
duration, birth type and birth weight. In general, the
results show that birth type and birth weight have an
effect on final weight. Similarly, different feeding methods
(consumption of concentrate feed, dry roughage and
silage) can also have an effect on the final live weight of
the lambs.

In the study, the effects of 4 different parameters (silage
type, silage consumption, and birth type and birth weight)
were found to be significant on the final body weight of
lambs. Among these parameters, the most effective
ones were determined as silage type, birth weight, silage
consumption and birth type, respectively. When evaluated
in terms of silage type, it was determined that the final
live weight increased significantly due to the increase in

sunflower silage in the ration. Altin et al.”*”! determined
the body weights of Kivircik and Karya breeds as 34.70 kg
and 29.92 kg, respectively, in their study on live weight. In
addition, with the regression analysis, it was determined
that the effect of fattening starter live weight on the live
weight at the end of the fattening was significant. The
body weight values obtained are lower than the findings in
this study. In the study of %, live weights of 180-day-old
Kuwvircik lambs were found to be 37.67 kg in singles and 35
kg in twins. The reported findings are in agreement with
the results of this study. In addition, the researchers used
the linear regression model to determine the effect of birth
weight and daily age on body weight. With regression
analysis, they found to be significant the effect of birth
weight on live weight. In addition, the effect of birth
type (single and twin) on birth weight and body weight
was found to be significant. The results obtained were
similar to the findings of this study. Ekiz et al.” found
as 26.74 kg the body weight of Kivircik lambs at Marmara
Animal Breeding Research Institute. The reported values
differed from the results in this study. In another study,
birth weights were investigated in different genotypes and
growth periods. Birth weights in German Black Head
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x Kwvircik x Kiwvircik, German Black Head x Merino x
Kivircik and Kivircik genotypes were 4.08, 4.32 and 3.85
kg, respectively, while their 75-day live weight was 19.33,
19.38 and 17.58 kg, respectively 2. Birth weights were
close to the results obtained in this study.

In a study, Kwvircik lambs housed in cross-ventilated
coops were fed with an average of 600 g/lamb concentrate,
100 g/lamb alfalfa grass and 300 g/lamb vetch-wheat
mixed grass daily until the post-weaning period (135
days). Birth type significantly affected the birth weight and
live weight of lambs "\, Similarly, the effect of birth type
on live weight was found to be significant in this study.

Goodness-of-fit statistics are important in comparing
data mining and other statistical methods used to predict
any trait in lambs as in all living things.

In a study, artificial neural network, multivariate adaptive
regression splines (MARS), support vector regression and
fuzzy neural network models were used to predict the
serum Immunoglobulin G concentration from gamma-
glutamyl transferase enzyme activity, total protein
concentration and albumin in lambs. Correlation coefficient
(r), root mean square error (RMSE) and mean absolute
error (MAE) statistics were used to compare models. It has
been observed that the fuzzy neural network is the most
successful method for the prediction of Immunoglobulin
G value . Although the study in question is similar in
terms of using the MARS method and calculating the
correlation coefficient and RMSE statistics, it differs
in terms of the results obtained with other methods
and several different goodness-of-fit statistics used in
estimating the dependent variable.

In another study on the use of goodness-of-fit statistics
to compare models, different growth models were used
for body weight modeling in Romanov lambs. Adjusted
determination coefficient (R* adj.), mean square error
(MSE), Akaike information criteria (AIC) and Durbin-
Watson (DW) statistics were used to determine the most
appropriate model Y. Goodness-of-fit statistics (R? adj.
and AIC) used by the authors in their study were also used
in this study.

In the current research, final live weight of Kivircik
lambs were evaluated to on the basis of Multivariate
Adaptive Regression Splines (MARS) and Bagging MARS
algorithms showing perfect performance as a robust
algorithm without overfitting problem. MARS algorithm
gave better results than Bagging MARS algorithm in
modeling body weight in lambs. It is expected that good
results can be achieved in data mining applications such
as MARS and Bagging MARS algorithms in livestock data.
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Abstract: Heat stress causes a decrease in the productivity of livestock by negatively affecting some important economic features such as
fertility, growth and milk production. The heat shock transcription factor 1 (HSF1) gene plays a key role in the regulation of the stress
response. Therefore, the present study aimed to predict the most deleterious non-synonymous single nucleotide polymorphisms (nsSNP)
on the cattle HSF1 gene via in silico analyses. Out of 170 nsSNPs in the HSF1 gene, 14 SNPs were predicted as deleterious by all the nine
servers (PredictSNP, Mapp, PADSNP, PolyPhen-1, PolyPhen-2, Sift, Snap, nsSNPAnalyzer, and Panther). Consurf analysis determined that
the vast majority of SNPs predicted to be deleterious were evolutionary conserved. Protein structural analyses were performed I-Mutant,
Mupro, Hope Project server, RaptorX and Swiss Model server. The 12 amino acid substitutions (V15G, F18L, L19R, K21M, I35T, V46E,
V56G, F61L, A67D, Y76D, V81G, L112P) in the DNA binding region of the cattle HSF1 protein were predicted to be highly deleterious.
The P112 variant was predicted to disrupt an a-helix structure. It was determined that the two amino acid changes (K21M, Y76D) on the
surface of the protein were different in terms of hydrophobicity, charge, and size. These variants (M21, D76) might hamper the protein’s
interaction with the heat shock elements.

Keywords: HSF1, Heat stress, Cattle, nsSNP, HSP

Si1g1ir HSF1 Proteinindeki Amino Asit Polimorfizmlerinin Yapisal ve
Fonksiyonel Sonuclarinin In Silico Analizi

Oz: Sicaklik stresi, hayvanlarin dogurganlik, biiyiime, siit {iretimi gibi baz1 6nemli ekonomik &zelliklerini olumsuz etkileyerek verimde
azalmaya neden olmaktadir. Is1 soku transkripsiyon faktorii 1 (HSF1) geni, stres yanitinin diizenlenmesinde 6nemli bir rol oynar. Bu
calisma, s1gir HSF1 geni tizerindeki, en zararli eg anlamli olmayan tek niikleotid polimorfizmlerini (nsSNP) in silico analizler ile belirlemeyi
amaglamugtir. HSF1 geni {izerinde bulunan 170 nsSNP dokuz tahmin programi (PredictSNP, Mapp, PADSNP, PolyPhen-1, PolyPhen-2,
Sift, Snap, nsSNPAnalyzer ve Panther) ile degerlendirildi. 14 nsSNP tiim tahmin programlari tarafindan zararli bulundu. Consurf analizi,
zararli oldugu tahmin edilen SNP’lerin bityiik gogunlugunun evrimsel olarak korundugunu belirledi. Proteinin yapisal analizleri, I-Mutant,
Mupro, Hope Project, RaptorX ve Swiss Model sunucular1 kullanilarak gerceklestirildi. Sonug olarak, sigir HSF1 proteininin DNA baglama
bolgesindeki 12 amino asit ikamesinin (V15G, F18L, L19R, K21M, I35T, V46E, V56G, F61L, A67D, Y76D, V81G, L112P) oldukga zararh
oldugu tahmin edildi. P112 varyantinin, bir a-sarmal yapisini bozdugu belirlendi. HSF1 proteininin yiizeyindeki iki amino asit degisiminin
(K21M, Y76D), hidrofobiklik, yiik ve boyut a¢isindan farkliliga neden oldugu belirlendi. Proteinin, M21 ve D76 varyantlarinin, 1s1 soku
elementleri ile etkilesimini engelleyerek, 1s1 ok proteinlerinin transkripsiyonunu azaltabilecegi tahmin edildi.

Anahtar sozciikler: HSF1, Sicaklik stresi, Sigir, nsSNB, HSP

INTRODUCTION

The most important abiotic stress factor for livestock is the
ambient temperature [l. High environmental temperatures
cause organisms to absorb more heat than they can
dissipate, resulting in heat stress >*.. Heat stress causes
a decrease in the productivity of livestock by negatively

affecting some important economic features such as
fertility, growth and milk production *°\. It also causes
adverse effects on the immune responses of livestock °l.
Therefore, developing cattle breeds that can both tolerate
heat stress and maintain productivity has become an
important goal of researchers and cattle breeders around
the world 7.
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The heat shock response (HSR) begins to produce with
the transcription of heat shock genes in response to
stress signals triggered by proteotoxic conditions such
as elevated temperatures, oxidative stress, heavy metals
and infections ®. The HSR activation allows the cells to
increase the expression of heat shock protein (HSP) genes
known as molecular chaperones. The HSPs whose essential
role is in protein folding, maintain cellular proteome
homeostasis by assisting in the refolding of misfolded
proteins or driving them to degradation *'%. The HSR is
regulated by the heat shock transcription factor family
(HSF) consisting of five-member (HSF1, HSF2, HSF3,
HSF4, HSF5) in mammalians !"!l. The evolutionarily
highly conserved HSF1 acts as a key regulator of HSPs
expression 213,

The HSF1 gene (ENSBTAG00000020751) is located on
chromosome 14 in cattle and consists of 13 exons that
encode 525 amino acids . The bovine HSF1 protein
(UniProtKB ID: QO08DJ8) contains several functional
domains according to UniProtKB; DNA binding
domain (position; 15-120 amino acids), N-terminal
oligomerization domains-hydrophobic repeat (HR)-A/B
(position; 130-203 amino acids), D domain (position;
203-224 amino acids), regulatory domain (position;
221-310 amino acids), oligomerization domain HR-C
(position: 380-405 amino acids), transactivation domain
and disordered region (position; 367-525 amino acids).
The best-conserved region in the HSF family is the DNA
binding domain (DBD) " The HSF1 binds to DNA as a
trimer. The trimer recognizes a specific nGAAn sequence
in DNA known as heat shock elements (HSE) . In
the absence of stress, the majority of HSF1 exists in a
monomeric conformation with a little affinity for the HSE.
Spontaneous trimerization of the HSF1 is suppressed by
the HR-C ['"!8] In stress conditions, the HSF1 is converted
into a trimeric form that is a transcriptionally active form.
The trimerization is regulated by the HR-A/B. The D
domain interacts with JNK1 and MAPK3 and is involved
in the translocation of HSF1 to the nucleus. The HSF1
is transported to the nucleus and post-transcriptional
modifications occur. The regulatory domain is necessary
for transcriptional activation through its phosphorylation.
The transactivation domain is involved in directing HSF1
to specific target genes and regulating the extent of its
activation 17,

It has been reported in previous studies that the HSF1 gene
variants are associated with tolerance to heat stress !,
meat quality traits ?°), reproductive traits '/ and milk
yield "’l. The present study was designed to identify the
deleterious nsSNPs in the bovine HSF1 gene using in
silico analyses. These nsSNPs that are detrimental to the
structure and function of the protein may be associated
with susceptibility to heat stress in cattle.

MATERIAL AND METHODS
SNP Dataset

The SNPs in the HSF1 gene (ENSBTAG00000020751)
were obtained from the Ensembl genome browser (www.
ensemble.org). The amino acid sequence of HSF1 protein
(Transcript ID: ENSBTAT00000083220.1) in the fasta
format was retrieved from the Ensembl.

Prediction of Functional Effect

PredictSNP 2 was used to predict the effect of missense
mutations in the bovine HSF1 gene. This tool is a consensus
classifier that comprises scores from different predictors
(MAPP, PhDSNP, PolyPhen-1, PolyPhen-2, SIFT, SNAP,
nsSNPAnalyzer, and PANTHER) and classifies the variants
as “Deleterious” and “Neutral”. In addition, it converts
the individual confidence scores of each estimator into a
comparable scale that represents the expected percentage
of accuracy, ranging from 0-100%. MAPP, PhDSNP,
PolyPhen-1, PolyPhen-2, SIFT, SNAP, nsSNPAnalyzer,
and PANTHER tools use different classification methods;
physicochemical properties and alignment score, support
vector machine, expert set of empirical rules, Bayesian
classification, alignment score, neural network, random
forest, and alignment score respectively *). SNPs that
were found to be predicted as neutral by one tool have
been excluded from the study.

Prediction of Protein Stability and Amino Acid
Conservancy

The protein stability changes resulting from missense
variants were predicted using I-Mutant 3.0 ?* and Mupro °!
servers. I-Mutant, a support vector machine-based
automated web server, estimates the effect of an amino acid
substitution effect on protein stability by calculating the
free energy change value (DDG) of the native and mutant
protein. The range of -0.5<DDG<0.5 values is classified
as neutral mutation, while <-0.5 as a large decrease and
0.5< as a large increase. The Mupro is a server based on
support vector machines and neural networks machine
learning methods, which predict how single amino acid
substitution affects protein stability. A negative DDG
score indicates that amino acid substitution decreases
protein stability, while a positive score indicates that
protein stability increases. The bigger the DDG score, the
more confident the result.

Conservation analysis of the HSF1 protein was performed
using the Consurf webserver %, Utilized the phylogenetic
relationships between homologous sequences, Consurf
calculates the conservation scores of amino acid positions
and determines functional regions. These conservations
scores (1-3 is variable, 4-6 is average and 7-9 is highly
conserved) are organized in color-coded regions depicted
in the structure of the protein for representation.



Research Article

393
ATALAY

Prediction of Protein 3-D Structure

The 3-D structural analysis and modeling studies of
HSF1 protein were performed using the HOPE server 7/,
RaptorX [, Swiss-PdbViewer v4.1 ), and PyMOL
v2.5 (The PyMOL Molecular Graphics System, Version
2.5 Schrédinger, LLC). The Hope server was used to
investigate the effects of missense variants on protein
structure. Hope server utilizes Protein Data Bank (PDB),
UniProt databases, What IF web services, Reprof, Yasara
programs, and Distributed Annotation System servers to
estimate the effect of substitution amino acid on protein
structure. It predicts hydrophobicity, charge, size change,
and modeling of 3-D structure for natural and mutant
amino acids.

The full-length 3-D structure of bovine HSF1 protein is not
available in PDB. Hence, RaptorX was used to make a 3-D
structural model for HSF1. It is a web server predicting
the structure property of a protein sequence without using
any template. Furthermore, the Swiss-Model server was
used to predict the 3-D structure of the DNA binding
domain of the HSF1 gene. The quality of models was evaluated
according to Ramachandran Plot and MolProbity score
by Swiss-Model Structure Assessment. PyMOL v2.5 and
Swiss PDB Viewer v4.1 were used to visualize the HSF1
protein 3-D structures.

RESULTS
Retrieval of nsSNPs and Function Prediction

The nsSNPs (n: 170) of the HSF1 gene were retrieved from

the Ensembl SNP database. The retrieved nsSNPs were
analyzed using PredictSNP, Mapp, PhD-SNP, PolyPhen-1,
PolyPhen-2, Sift, Snap, and Panther. PredictSNP classified
51 out of 170 missense mutations to be deleterious,
Mapp predicted 46 out of 170 missense mutations to be
deleterious, PhD-SNP predicted 40 out of 170 missense
mutations to be deleterious, PolyPhen-1 predicted
57 out of 170 missense mutations to be deleterious,
PolyPhen-2 predicted 80 out of 170 missense mutations
to be deleterious, Sift predicted 85 missense mutations
to be deleterious, Snap predicted 44 out of 170 missense
mutations to be deleterious, and Panther predicted 22 out
of 170 missense mutations to be deleterious. Forty-four
missense mutations were classified as “unknown” by the
Panther tool. The effect of 14 SNPs (Table 1) categorized
as “deleterious” in all tools on the protein structure and
stability was investigated.

Prediction of Protein Stability and Amino Acid
Conservancy

I-Mutant 3.0 and Mupro were used to predict changes
in protein stability caused by functionally damaging
14 nsSNPs. The DDG value and binary classification
estimate in I-Mutant 3.0 showed that thirteen amino acid
substitutions (V15G, F18L, L19R, I35T, V46E, V56G,
F61L, A67D, Y76D, V81G, L112P, V172E, F496C) were
able to cause largely decreased stability (<-0.5 DDG) of
the protein. The K12M mutation was classified as neutral
(DDG=-0.14) by I-Mutant 3.0 (Table 2). The Mupro made
similar predictions for amino acid substitutions other
than K21M. It predicted that the K21M mutation could

Table 1. Results of nsSNPs predicted with I-Mutant, Mu-Pro and Consurf servers

+sIDs Allele lé;siﬁue I-Mutant DDG Value | Mu-Pro DDG Value Consurf Results
8¢ Lol Ll Functional/ Structural | Score Domain
rs481839785 A/C V15G -2.43 -2.12 Structural 9 DNA binding
rs474682793 G/T F18L -1.10 -0.97 Structural 9 DNA binding
15459488723 A/C L19R =175 -1.43 Structural 9 DNA binding
1rs451876582 T/A K21M -0.14 0.18 Functional 9 DNA binding
rs445864779 A/G I35T -2.49 -1.97 Structural 9 DNA binding
rs454788300 A/T V46E -0.95 =122 Structural 9 DNA binding
1rs442669059 A/C V56G -2.19 205 Structural 9 DNA binding
;:igigg?giz g;g F61L -1.21 -1.05 Structural 9 DNA binding
15456086940 G/T A67D -0.76 -0.77 Structural 9 DNA binding
rs470395900 A/C Y76D -1.17 -1.20 Functional 9 DNA binding
15477899807 A/C V81G 25 -1.98 Structural 9 DNA binding
15443947366 A/G L112P -1.67 -1.87 Structural 9 DNA binding
N-terminal
rs481574682 A/T V172E -0.50 -0.81 = 8 oligomerization
domains
rs439067006 A/C F496C -1.34 -1.06 - 6 Disordered
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Table 2. The HOPE server analysis results for deleterious nsSNPs
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Fig 1. The Consurf analysis of the bovine HSF1 protein. The positions of the amino acid
substitutions predicted to be most deleterious are marked with a red rectangle
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Fig 2. The 3-D structure of the bovine HSF1 protein generated by RaptorX; DNA binding domain (green),
N-terminal oligomerization domain HR-A/B (magenta), D domain (yellow), transactivation domain (red),
regulatory domain (blue), disordered regions (black). The locations of deleterious amino acid substitutions are
shown on the structure; a- The three mutations (F18L, L19R, K21M) on the first a-helix of the DBD and a mutation
(V15G) on the coil, b- The two mutations (A67D, Y76D) on the fourth a-helix of the DBD, ¢c- A mutation (V81G)
on the third beta-sheet of the DBD, d- Two mutations (V56G, F61L) in the third a-helix of the DBD, e- A mutation
(V46E) on the second beta-sheet of the DBD, f- The mutation (I35T) on the first beta-sheet of the DBD, g- The
mutation (L112P) on the last a-helix of the DBD, h- The mutation (V172E) on the N-terminal oligomerization

domain, i- The mutation (F496C) on the disordered region

result in increased protein stability (DDG= 0.18). Since
the DDG values predicted by the I-Mutant (DDG= -0.14)
and Mupro (DDG= 0.18) programs for the K21M were
less than 0.5, it was accepted as neutral (Table 2).

The fasta sequence of the HSF1 protein was analyzed on
the Consurf server. Of 14 amino acid residues, twelve
(V15G, F18L,L19R, I35T, V46E, V56G, F61L, A67D, V81G,
L112P, V172E, F496C) were categorized as structural
residues, and two (K21M, Y76D) as functional residues
(Fig. 1). It was determined that 13 (V15G, F18L, L19R,
K21M, I35T, V46E, V56G, F61L, A67D, Y76D, V381G,
L112P, V172E) of them had a high conservation score
and one (F496C) of them had an average conservation
score. According to the Consurf analysis results, the
most conserved region of the HSF1 protein is the DBD
region. Out of 106 residues in the DBD region, 93 residues
(87.74%) are in the range of 7-9 conserved scores (Fig. 1).

Hope Result and 3-D Structure Prediction

The fourteen amino acid substations were also submitted
for the HOPE project analysis. According to the hope
results it was found that, out of the 14 mutations, 10
have altered hydrophobicity, 6 differed in charge, and
all mutated amino acids differed in size (Table 2). Hope
server determined that the L112P mutation will disrupt
the last a-helix of the DBD (Fig. 3). The structural effect of
this mutation was examined using the Swiss PDB viewer.
It was observed that the H-bond formed by L122 with

E109 was not formed by P122. The proline residue can
disrupt the a-helix in the absence of the hydrogen bond
(P122 with E109), and this can have serious effects on the
structure and function of the protein.

The HSF1 protein fasta sequence (525 amino acids) from
the Ensemble genome browser was the input for the
RaptorX server. The five 3-D models were generated by
RaptorX. The obtained structures were assessed according
to Ramachandran Plot and MolProbity score in the Swiss-
Model server. The 3-D model of the HSF1 protein with
the best score (MolProbity Score: 3.26, Ramachandran
Favored: 90.06) was visualized using the PyMOL (Fig. 2).
The positions of the amino acid mutations predicted to be
deleterious were shown in this model (Fig. 2).

Fasta sequence of the DBD (between 15-200 amino
acids) was submitted as the input file for Swiss-Model.
The human HSF1 protein (PDB ID: 5D5U.1.b) having
sequence coverage of 80% and sequence identity of 98.11%
was selected as a template for bovine HSF1 protein and the
3-D model was constructed automatically in Swiss-Model.
The amino acid substitutions in DBD were evaluated using
this model in Swiss PDB viewer (Fig. 3, Fig. 4).

Di1sCcuUsSION

The HSF1, the main regulator of the HSPs expression,
plays an important role in cell survival under stress 1**.. The
HSPs are the major molecular chaperones that modulate
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Fig 3. Structural effect of the L112P mutation on the native structure of HSF1 protein visulated by Swiss PDB Viewer.
The backbone, sidechain and ribbon presentation structures are presented in the upper pictures, and the backbone
and sidechain structures are presented in the lower pictures. H-bonds are indicated by green discontinuous lines.
a- In the native HSF1 protein, L112 forms two H-bonds with E109 (3.06 A) and E113 (2.95 A), b- In the mutant
HSF1 protein, P122 forms one H-bond with E113 (2.82 A)

protein folding. They maintain protein homeostasis under
stress factors such as increasing temperatures, infectious
diseases, and heavy metals %2l The expression of the
HSF1 gene is increased in cattle under heat stress *°!. It has
been suggested that the HSF1 gene expression level may
be an indicator of thermotolerance in cattle . Moreover,
SNPs in the HSF1 gene are associated with susceptibility
to heat stress in cattle %,

SNPs cause alteration of a single base pair in both
coding and non-coding regions. SNPs in non-coding
regions can affect gene expression at the transcriptional
and posttranscriptional levels. nsSNPs alter amino acid
sequences, affect protein structure and function, and have
potentially deleterious effects . Today, thanks to rapidly
developing sequencing technologies, there are many
nsSNPs in variation databases. However, determining
the effects of nsSNPs by molecular genetic experiments

is a time-consuming and laborious task *°l. The fastest
and cheapest way to predict the potential consequences
of an nsSNP is to perform bioinformatics analysis %),
Using multiple bioinformatics tools that evaluate different
parameters helps to identify results with higher confidence
levels [*¥),

In this study, 13 bioinformatics tools (PredictSNP,
MAPP, PhDSNP, PolyPhen-1, PolyPhen-2, SIFT, SNAP,
nsSNPAnalyzer, PANTHER, Consurf and Hope project,
I-Mutant, MUpro) were used for the prediction of
deleterious nsSNPs in the HSF1 gene. Fourteen nsSNPs
were predicted to be deleterious SNPs by these tools.
Of these nsSNPs, twelve are in the DBD, one in the
N-terminal oligomerization domain, and one in the
disordered region (Table I). After activation by stress,
HSF1 trimerizes and binds to HSEs in the promoter
regions of HSPs. DBD, the most conserved region of HSF1,
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Fig 4. The 3-D surface structure of the DNA binding domain of the bovine HSF1 protein. K21M and Y76D
mutations cause charge changes on the protein surface. a- Positively charged amino-acid residues are shown in
blue, b- Negatively charged amino-acid residues are shown in red

plays a major role in recognizing and binding to HSEs 2.,
The N-terminal oligomerization domain is responsible
for the trimerization of HFS1. The binding affinity of the
HSF1 trimer to HSE is significantly increased relative
to the monomer HSF1 . The disordered regions that
remain unstructured have important roles in determining
the function and structure of the protein “Y. Thus, the
mutations in these three domains may reduce the affinity
of HSF1 to HSE and result in decreased stability of HSF1
structure !,

Evolutionarily conserved protein residues are the
most important parts of protein folding, function, and
structure. Mutations in conserved amino acids can
cause changes in the 3-D structure of the protein and its
interaction with other molecules 2. Therefore, evolutionary
conservation analysis was done with the Consurf server.
All twelve nsSNPs predicted by the bioinformatic tools
to be potentially deleterious in the DBD were found
to have high conservation (scores=9) (Table I1). Two
(K21 and Y76) of them were categorized as functional
residues (exposed) and ten (V15, F18, L19, I35, V46,
V56G, F61, A67, V81, L112, V172, F496) as structural
residues (buried). Conservation scores for the residues
in the N-terminal oligomerization domain (V172) and

disordered region (F496) residues were estimated as 8
and 6, respectively. These results are similar to previous
studies %], which suggest that nsSNPs that cause sub-
stitution in evolutionarily conserved residues may change
the function of the protein.

For a protein to perform its functions efficiently, it must
be folded correctly. Interactions between hydrophobic
amino acids have an important role in accurately folding
a protein chain **.. The Hope Project server determined
that wild type 9 amino acids (V15G, LI19R, I35T, V46E,
V56G, A67D, Y76D, V81G, V172E) in the HSF1 protein
are more hydrophobic than the mutant type. Seven of
these residues are buried and one (Y76D) is on the
surface of the protein. These mutations will cause a loss
of hydrophobic interactions either in the core of the
protein or on the surface. It is known that hydrophobic
residues on the surface and core of the protein support
protein stability .

Prolines are known to have a very rigid structure, some-
times forcing the backbone in a specific conformation !“°!
and it may disturb the a-helix structure 7. L112P
mutation in the last a-helix of the DBD in HSF1 may cause
a significant deterioration in the function and structure
of the protein by disrupting this a-helix structure (Fig.
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3). It is also predicted that mutation results in loss of
interaction in the core of the protein because proline is
smaller than leucine. When the mutant residue is smaller
than the wild type residue, it causes an empty space in the
core of the protein 145,

For the exposed Y76D variation, tyrosine is more
hydrophobic than aspartic acid. In addition, tyrosine
(Y76-mutant type) is neutral and aspartic acid (D76-wild
type) is negatively charged (Fig. 4). This mutation can
both decrease protein stability and significantly hamper
interaction with other molecules. Another amino acid on
the surface, lysine (K21-wild type) is positively charged,
while methionine (M21-mutant type) is neutral (Fig. 4).
The difference in charge disrupts the ionic attractions
that are important for protein structure and function .
For these two exposed variations (K21M, Y76D), mutant
residues are smaller than native residues. Smaller residues
may cause a loss of external interactions “°\. Considering
these physicochemical changes, K21M and Y76D mutations
can cause a significant decrease in binding HSF1 to HSEs.

The results of this study suggest that the 14 nsSNPs in the
HSF1 in cattle might represent associated with heat stress
susceptibility. The deleterious nsSNPs on the biological
function of the HSF1 protein provide a starting point for
genetic marker-assisted selection against heat stress of
cattle. These findings need to be validated by performing
wet-lab experiments.
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Abstract: Some morphological and physiological data are needed to scientifically describe animals and distinguish breeds from one
another. Except for those who are not experts in the field, it is difficult to distinguish goat breeds from each other. Using data mining
algorithms, this study aimed to develop a new phenotypic characterization for Honamli and Hair goats via some body measurement
characteristics. In the study, some body characteristics of the Hair goat (65 animals) and the Honamli goat (83 animals) were used as
independent variables. The dependent variable of the data mining algorithms, on the other hand, was defined as the binary response
variable of Honamli and Hair breeds. The success of the CHAID, Exhaustive CHAID, CART, QUEST, and MARS algorithms in breed
discrimination was determined at 87.80%, 85.80%, 87.80%, 77.00%, and 88.51%, respectively, while the area under the ROC curve
was detected 0.880, 0.853, 0.868, 0.784, and 0.942, respectively, and Cohen’s Kappa coefficient (k) 0.755, 0.711, 0.749, 0.549 and 0.739,
respectively. As a result, the phenotype characterization of Honamli and Hair goats, whose morphological distinctions could not be made
exactly, in MARS and CHAID algorithms, achieved with high success compared to other methods. The present study showed that Honamli
and Hair goats may be distinguished by suitable statistical algorithms based on morphological data, which can be integrated with goat
breeding studies to detect the origin of breeding animals.

Keywords: CART, CHAID, Classification, Exhaustive CHAID, MARS, QUEST

Simiflandirma Agaci Algoritmalari ve Cok Degiskenli Uyarlanabilir Regresyon
Uzanimlar1 (MARS) Kullanilarak Kil ve Honaml1 Keg¢ilerinin Fenotipik
Karakterizasyonu

Oz: Hayvanlar1 bilimsel olarak tanimlamak ve 1rklar1 birbirinden ayirt etmek igin bazi morfolojik ve fizyolojik verilere ihtiya¢ vardur.
Alaninda uzman olmayanlar disinda kegi irklarini birbirinden ayirt etmek giigtiir. Bu ¢alisma, veri madenciligi algoritmalari kullanilarak
bazi viicut 6zellikleri tizerinden Honamli ve Kil kegileri i¢in yeni bir fenotipik karakterizasyon gelistirmeyi amaglamistir. Calismada, Kil
kegisi (65 hayvan) ve Honaml kegisinin (83 hayvan) bazi viicut ozellikleri bagimsiz degiskenler olarak kullanilmigtir. Veri madenciligi
algoritmalarinin bagiml degiskeni ise Honamli ve Kil irklar: ikili yanit degiskeni olarak tanimlanmistir. CHAID, Exhaustive CHAID,
CART, QUEST ve MARS algoritmalarinin irk ayrimindaki basarisi sirasiyla %87.80, %85.80, %87.80, %77.00 ve %88.51 iken, ROC
egrisi altinda kalan alan ise sirasiyla 0.880, 0.853, 0.868, 0.784 ve 0.942 ve Cohen’s Kappa katsayilar1 (k) 0.755, 0.711, 0.749, 0.549 ve
0.739 oldugu tespit edilmistir. Sonug olarak, morfolojik ayrimlari tam olarak yapilamayan Honamli ve Kil kegilerinin MARS ve CHAID
algoritmalarinda fenotip karakterizasyonu diger yontemlere gore yiiksek bagari ile ger¢eklesmistir. Bu ¢alisma, Honamli ve Kil kegilerinin
morfolojik verilere dayali uygun istatistiksel algoritmalarla ayirt edilebilecegini ve damizlik hayvanlarin kokenini tespit etmek igin kegi
1slahi galigmalari ile entegre edilebilecegini gostermistir.

Anahtar sozciikler: CART, CHAID, Siniflama, Exhaustive CHAID, MARS, QUEST

INTRODUCTION separated until the 2000s, and total numbers were evaluated

as if all were the same breeds ?!. However, it is stated
Approximately 97% of the existing goats in Turkey consist  that the Honamli goat breed has higher productivity in
of the Hair goats 'l. Hair and Honamli goats have some  terms of birth weight, live weight, lactation milk yield,
morphological similarities. Therefore, the breeds were not  and reproduction **. The lack of scientific research on
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the Honamli goat breed is possibly due to the continuous
transhumance of the Turkish Yoruks (nomads) ©l. The
Honamli goat, which is defined as a new goat breed in
animal genetic resources, was taken under protection by
the Turkish General Directorate of Agricultural Research
and Policies in 2015 [,

To date, the morphological characteristics of Honamli
have been defined and numerous studies have aimed to
compare Honamli and Hair goats. Generally, these studies
indicate that the phylogenetic similarity of Honamli
and Hair goats is over 85%, and these breeds cannot be
distinguished via microsatellite markers 7. Therefore,
the phenotypic characterization may be useful to separate
these breeds. Because of Honamli and Hair goats
morphologically having body clours are similar to each
other, they can be separated subjectively by experienced
breeders “. The reliability of this separation should be
tested by robust quantitative methods and these methods
could fill an important gap in the literature. Considering
both the conservation of genetic resources and economical
aspects, discrimination against the Honamli breed should
be beneficial for goat breeders. Due to their very different
morphological and physiological characteristics, goat
breeders in Turkey have preferred Honamli goats in recent
years, which are reared within the scope of the improve-
ment projects in breeder conditions, to Hair goats ..

Identification and classification of breeds within a certain
species according to phenotypic characteristics play a key
role in the basis of breeding and conservation program
strategies. The identification and classification of breeds
are of great importance to separate and define the breeds.
For this purpose, comparisons of somelocal goat genotypes
reared worldwide in terms of morphology traits and
breed discrimination have been made using multivariate
statistical methods (MANOVA), principal components
analysis (PCA), canonical analysis, hierarchical, k-means
clusters and step-wise, linear and nonlinear discriminate
analysis """ To use these traditional statistical methods,
the data must be multivariate normally distributed, the
covariance matrix must be equal across all groups, the
independent variables must be independent of each other,
and the number of observations must be at least 10 times
the number of independent variables included in the
model °\. The most significant distinction between data
mining algorithms and traditional statistical methods is
that they are not subject to any preconditions and can
control classification through cross-validation using the
sampling method "®l. As a result, it will be possible to classify
with much greater accuracy and reliability 7).

This study, it was aimed to determine the phenotypic
characterization of Hair and Honamli goats using data
mining algorithms and MARS algorithm together on
morphological characteristics.

MATERIAL AND METHODS
Ethical Statement

Ethical rules were considered by following all applicable
international, national, and institutional guidelines for the
care and use of animals. In the study, there is no need for
ethical approval due to the lack of blood sampling from
the animals and the absence of any surgical procedures.
All data were collected with the approval of the breeder.

Animals

The animal material of the study consists of 65 Hair goats
(45 female, 20 male) and 83 Honamli goats (73 female,
10 male) at different ages (1, 2, 3, 4, 5, and 6 years and
over), which were reared extensively on a private farm in
the Calca district of Kiitahya province, Turkey. In 2015,
Honamli goats with pedigree records were brought from
a farm that is a member of the Antalya Sheep and Goat
Breeding Association. Hair goat breeding has been carried
out on the farm, where the study was conducted since
2008. Pedigree records of the breeds were checked through
the TurkVet system. During the heavy winter season or
in adverse weather conditions, goats were fed in the barn.
Concentrated feed was given for one month before the
breeding season for flushing, and in addition to pasture,
straw, alfalfa, and fescue grass are given as roughage sources.

Measurement of Morphological Characteristics of
Breeds

A special scale designed for weighing small ruminants was
used in determining the live weight of animals. All body
characteristics of the goats were measured as described
by 1", and live weight (LW) was taken with 0.1 kg precision.
All body measurements were taken after the animals had
adapted to the environment on a flat platform and the
stress factors were minimized. Withers height (WH),
back height (BH), rump height (RH), body length (BL),
and chest depth (CD) were taken using a measuring stick
and body circumference measurements (chest girth
(CG), and leg girth (LG)) were taken using a measuring
tape. Head length (HL), nose length (NL), ear length (EL),
and tail length (TL) values were measured using calipers.
All animals were measured by the same expert.

Statistical Analysis
Regression Tree-Based Data Mining Algorithms

The data structure created by using all arguments and
dividing the data into subgroups is termed a classification
tree. Therootnode, which does not contain any fragmentation
and contains only the dependent variable, is at the top of
the classification tree. First, this root node is divided into
two or more parts. These separated parts are called parent
branches. The breaking up of parent branches created
child nodes or subsets ). The node, which is appeared
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when the fragmentation is complete in additional nodes
and there is no more branching is called a terminal node °.
By testing the independent variables in the model, the cut-
off values of the explanatory variable are determined in
a way to provide the specified category in the new node
to be formed ',

In all algorithms of this study, LW, WH, BH, RH, CD, BL,
CG, LG, HL, NL, EL, TL variables and sex, age, and ear
type factors were taken, while the dependent variable was
binary goat breeds such as Honamli and Hair. In literature,
many algorithms were used to create classification trees.
In the study, tree-based data mining algorithms were used
Classification and Regression Tree (CART), Chi-Square
Automatic Interaction Detector (CHAID), Exhaustive
CHAID, Quick Unbiased, Efficient Statistical Tree (QUEST),
and Multivariate Adaptive Regression Spline (MARS)
algorithm, which is a not tree-based algorithm. The main
reason for using these algorithms is that they were simple
to understand and allow for the determination of the cut-
off points of the independent variables. In the classification
trees, the maximum tree depth was used as CHAID (3),
Exhaustive CHAID (3), CART (5), and QUEST (3),
respectively. In the formation of classification trees, the
minimum number of parent and daughter (child) nodes
were taken as 10 and 5. Also, the multicollinearity
problem was not detected to exist due to the pearson
correlation coefficients and variance inflation factor
(VIF) values between the independent variables used by
the classification tree algorithms being smaller than the
critical values specified in the literature 122,

CART (Classification and Regression Trees)

The CART algorithm is a non-parametric regression method
developed by some researchers [**). The CART is a tree-
based data mining algorithm that reveals the relationship
between the dependent variable and the independent
variable, as well as the relationships between the independent
variables. The branching in the tree structure is based on
the division into two sub-homogeneous groups. As the
split criterion in the CART algorithm, impurity and Gini
index variability are taken into account in the selection
of the best independent variable in the classification. The
Gini index takes values between 0 and 1 and provides
assignments to classes. The Gini index is calculated by
subtracting the sum of the squares of the probabilities of
each class from one and is obtained using equation 1.

J
Gini Index (L)=1- ) p’ (1)
i=1

j: number of class; L: a data set with j th class; pi: relative
frequency if class T in ‘T

CHAID (Chi-squared-Automatic-Interaction-Detection)
Some researchers ** developed the CHAID algorithm,

which is a non-parametric regression method in the tree
structure created by taking statistical significance ratios
and cross tables into account. Branching in the tree
structure is based on the split of two or more sub-homo-
geneous groups. CHAID algorithm with merge, split, and
stop stages iteratively creates homogeneous nodes starting
from the root node, increasing/decreasing variance between/
within nodes ! Because the whole population can be split
into stable sub-nodes using a strong translation algorithm,
aregression equation to be obtained is kept independent of
classical assumptions (normality, linearity, homogeneity,
etc.) in CHAID analysis. With this process, normality and
homogeneity can be achieved in the distribution of the data.

Exhaustive CHAID (Exhaustive Chi-squared-Automatic-
Interaction-Detection)

It is a modified version of the CHAID algorithm that looks
into all possible splits for each predictor developed by
some researchers .. As a result, transactions take longer
than with the CHAID algorithm. Exhaustive CHAID
keeps combining the prediction variable’s categories until
only two supercategories remain. It identifies the category
with the strongest relationship to the dependent variable
and computes the adjusted p-value for these. Although it
depends on the data, it can be said that there will be no
significant difference between the results of the CHAID
algorithms.

QUEST (Quick Unbiased, Efficient Statistical Tree)

Some researchers 7! created QUEST as a classification
algorithm, and the branching in the tree structure, like
the CART algorithm, is based on the separation of two
sub-homogeneous groups. Unlike CHAID and CART,
it handles variable selection and split point selection
separately. In the QUEST algorithm, the association
between each independent and dependent variable for
each separation is found by calculating the F test, Levene
test, or Pearson Chi-square value. In the algorithm, the
variable with a small p-value is selected for explanatory
variable selection.

MARS (Multivariate Adaptive Regression Splines)

The MARS algorithm, developed by some researchers %,
is a non-parametric regression technique used to examine
complex relationships between the dependent variable
and a set of independent variables. In order to apply this
non-linear technique, there is no need for any assumptions
between the dependent variable and predictor variables.
The MARS algorithm, which is a modified version of the
CART algorithm, makes better predictions than binary
logistic regression thanks to the hinges function in its
structure . Using appropriate transformation techniques,
the MARS technique converts nonlinear relationships
between dependent and independent variables into linear
ones. The MARS method can calculate the best trans-
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formations and interactions of variables, as well as analyze
complex relationships in high-dimensional data. To
prevent these relationships from causing multicollinearity
problems in the MARS algorithm, it is recommended
that a model be created in the earth package of the R soft-
ware with penalty=2 [,

k-Fold Cross-Validation

Cross-validation is a popular method for assessing the
effectiveness of a machine learning model. This method
is used for small datasets and is based on the resampling
procedure. It can also be done using cross-validation
instead of dividing the data into training and test sets
because it works based on validation in machine learning
algorithms ©°\. Cross-validation is used to train and validate
the model by dividing all the data into k multiples, also
known as subsamples. In this way, it reduces overfitting
and determines the model’s hyperparameters. For this
purpose, usually 10-fold or 5-fold cross-validation is used.
In this study, after all data set (148 records) was randomly
divided into 10 parts, nine parts of the training set of
the models were created, while the model was validated
5 times with the remaining part in this study.

Model Evaluation Criteria

CART, CHAID, Exhaustive CHAID, QUEST, and MARS
data mining algorithms were utilized to compare in terms
of accuracy, sensitivity, specificity, Matthews correlation
(Phi), Cohen’s Kappa coefficient (x), and area under
Receiver Operating Characteristics (ROC) curve. The
Phi coefficient was used to determine the relationship
between the real classes and the classes estimated by the
algorithms, and Cohen’s Kappa coefficient was used to
determine the concordance. Accuracy is the proportion
at which a classification algorithm correctly separates
Honamli and Hair goats. Sensitivity is the proportion at
which the algorithm correctly classifies Honamli goats,
while specificity is the proportion at which the algorithm
correctly classifies Hair goats. Table I presents the confusion
table for classifying algorithms.

The expressions T+, T-, F+, and F- used in the accuracy,
sensitivity and specificity equations represent numbers
of true positive, true negative, false positive, and false
negative, respectively. The formula is used below to
determine the area under the ROC curve (AUC) and the
area under the ROC curve’s standard error (AUCse) as
developed by P!l.

Table 1. Confusion table for the classifier algorithms

Predicted as Breeds
Observed
Honamli Hair
Honamli T+ F*
Hair F T

Accuracy = (T*+D)/(T*+ F'+ F+ T)
Sensitivity = T*/ (T*+ F*)
Specificity =T / (F+ T)

Error proportion = 1 - Accuracy

AUC(1-AUC -1)(q1-AuUc? -1)(q2-AUc?
see = \/ (1-4UC)+(na )(annB )+(ns-1)(q ) (2)

ng= T*+Fandng =F+T
ql = AUC and g2 = 2AUC?
2—-AUC 1+AUC

Statistical analyses of the classification trees, Phi and
Cohen’s Kappa (k) coefficients were performed in IBM
SPSS 23 package program 2. Earth (v5.1.2) ** and caret
(v60.86) ©** packages of R software were used for MARS
analysis . The trial version (19.5.1) of the MedCalc
package program was used to determine the areas under
the ROC and to compare (z test) the area under the ROC
curve of the algorithms.

RESULTS

Categorical variables belonging to Honamli and Hair goats
in the study are given in Table 2. Descriptive statistics of
continuous variables obtained from Honamli and Hair
goats are given in Table 3. Honamli females were larger
than males because females in the herd were older (Table
3). Young billy goats were preferred in the herd to reduce
generation intervals.

aoie l‘.'" aovies veilong g 10 onda and g0

Factors Levels N | Percentage (%)
Female 73 49.32%
Honamli
Male 10 6.76%
Breed-Sex
Female 45 30.41%
Hair
Male 20 13.51%
1 16 10.81%
2 6 4.06%
3 14 9.46%
Honamli
4 4 2.70%
5 2 1.35%
6 41 27.70%
Breed-Age
1 32 21.62%
2 2 1.35%
3 4 2.70%
Hair
4 6 4.06%
5 2 1.35%
6 19 12.84%
Comuk (native terms) | 27 18.24%
Honamli
Lop 56 37.84%
Breed-Ear
Comuk (native terms) | 21 14.19%
Hair
Lop 44 29.73%
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Table 3. Descriptive statistics on live weight and some body measurements in Honamli and Hair goats of different age
g Bt gt

Live weight (LW), Withers height (WH), Back height (BH), Rump height (RH), Chest Depth (CD), Body length (BL), Chest girth (CG), Leg girth (LG), Head length (HL),
Nose length (NL), Ear length (EL), and Tail length (TL)
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The MARS algorithm, which provided one of the best
classifications of Honamli and Hair goats, takes the form
of body characteristics “LW”, “BH”, “CD”, “HG”, and
“HL” as independent variables in the prediction model.
In addition, the model also includes “Age” variable and
“Sex” factors that do not have body characteristics. The
remaining characteristics were not included in the MARS
model because they were found to be statistically non-
significant (P<0.05). In the MARS model which was given
below, GLM indicates the general linear model, while max
denotes the basic function of the MARS.

GLMgonamur = -0.5232799 - 3.033782 * SexMale + 1.5192 *
max(0, 4 - Age) - 1.068315 * max(0, 35.4 - LW) + 0.4609831
* max(0, BH - 72) + 25.86152 * max(0, BH - 82) - 0.6795643
* max(0, 25 - CD) + 1.559002 * max(0, 77.5 - HG) -
0.5741605 * max(0, 21.5 - HL). The probability of any goat
being Honamli can be estimated by PHONAMLI =
expGLMuonamr/(1+ exp GLMponamur). The “exp” value
used in the equation refers to the base of the natural
logarithm of 2.718. Using the basic MARS model, it is
possible to derive a new prediction equation used in
the classification of females. If the goats used in breed
discrimination estimation are female animals older than
four years old, the following equation can be used.

GLMonans = -0.5232799 - 1.068315 * max(0, 35.4 - LW) +
0.4609831 * max(0, BH - 72) + 25.86152 * max(0, BH - 82)
- 0.6795643 * max(0, 25 - CD) + 1.559002 * max(0, 77.5
-HG) - 0.5741605 * max(0, 21.5 - HL).

For example, a 4-year-old female Honamli goat with body
characteristics which was LW = 40 kg, BH = 78 cm, CD =
25 cm, HG = 75 cm, and HL = 20 cm in the dataset could
be estimated discrimination of breed. As follows by the
MARS estimation equation;

1- GLMuonamu = -0.5232799 - 3.033782 * SexMale
(Female=0) + 1.5192 * max(0, 4 - 4) - 1.068315 * max(0,
35.4 - 40) + 0.4609831 * max(0, 78 - 72) + 25.86152 *
max(0, 78 - 82) - 0.6795643 * max(0, 25 - 25) + 1.559002 *
max(0, 77.5 - 75) - 0.5741605 * max(0, 21.5 - 20)

2- GLMyonamir = -0.5232799 + 0.4609831 * max(0, 78 - 72) +
1.559002 * max(0, 77.5 - 75) - 0.5741605 * max(0, 21.5 - 20)

3- GLMpuonamur = -0.5232799 + 0.4609831 *6 + 1.559002 *
2.5-0.5741605 * 1.5

4- GLMyonamu = 5.27888295

5- Pronamu = eXpGLMpoxami/(1+ exp GLMgonamir)
6- Pronamu = 2.7185.27888295/(1+ 2.7185.27888295)
Pronamir = 0.994924974

The estimated goat with a probability of 99.49% belongs to
the Honamli breed.

Classification performances of data mining algorithms
used for breed discrimination are shown in Table 4. The
areas under the ROC curve (AUC) were statistically
significant for all algorithms for breed discrimination
(P<0.01).

The sensitivity and specificity values of the model’s criteria
were close to each other and the AUC values were close to
1, which indicated the accuracy of the classification (Fig.
I). Models compared statistically with the z-test in terms
of AUC could be mathematically expressed as MARS =
CHAID = CART> = Exhaustive CHAID> = QUEST (Table
4). When all data mining algorithms were compared
among themselves in terms of AUC performance criteria,
it was determined that the most successful algorithm used
in breed discrimination were MARS, CHAID, CART,
and Exhaustive CHAID. The performance of the MARS
algorithm was determined as 0.916, 0.846, and 0.937 in
terms of sensitivity, specificity, and general accuracy rate
respectively. The MARS algorithm was able to classify 75
of 83 Honamli goats, 55 of 65 Hair goats, and 88.50% of all
goats correctly. The MARS algorithm was found to have
the highest breed discrimination diagnostic test with the
area under the ROC curve of 0.942. Also, the concordance
(x) and correlation (Phi) coefficients between the breeds
estimated by the MARS algorithm and the actual breeds
were found to be 0.739. It was determined that the CHAID
algorithm had the best diagnostic test performance and
other performance criteria among the classification tree
algorithms. The discrimination performances made by the
CHAID algorithm had the values of sensitivity, specificity
and accuracy respectively as 0.911, 0.841, and 0.878. The
CHAID algorithm allocated 11 of 83 Honamli incorrectly
and 72 correctly, while it separated 58 of 65 Hair goats
correctly. CHAID has the second-largest AUC value as
0.880 after the MARS algorithm. In addition, among the

Table 4. Classification performances of the data mining algorithms for each diagnosis test

gt | Sty sty | o, Nothe | s | sy | Ay | Comety Clusy| Comely 3.
MARS 0.916 0.846 0.739 0.739 0.942+0.028° 0.885 0.894 0.892 <0.001
CHAID 0.911 0.841 0.756 0.755 0.880£0.027* 0.878 0.867 0.892 <0.001
CART 0.849 0.927 0.756 0.749 0.868+0.023° 0.878 0.952 0.785 <0.001

Exhaustive CHAID 0.861 0.855 0.711 0.711 0.853+0.030* 0.858 0.892 0.815 <0.001
QUEST 0.889 0.682 0.569 0.549 0.784+0.032° 0.770 0.675 0.892 <0.001
“abb The difference between AUC with letter in any data mining algorithm column is significant (P<0.05)
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tree-based data mining algorithms, the CHAID algorithm
had the highest concordance with a Kappa (k) value of
0.755, while it had the same correlation coefficient (Phi)
as the CART algorithm with a value of 0.756. Although the
CART algorithm correctly classified Honamli goats with
a high rate (95.20%), the correct classifying percentage
of Hair goats (78.50%) remained low. The performances
of CART were determined as 0.849, 0.927, and 0.848 for
sensitivity, specificity, and accuracy rate respectively. The
CART algorithm estimated 79 of 83 Honamli goats, 51 of
65 Hair goats, and 87.80% of all goats by classifying them
correctly. Moreover, the CART algorithm had the third-
largest AUC (0.868), and the coefficient of agreement
between actual breeds and breeds estimated by the CART
algorithm was 0.749. The Exhaustive CHAID algorithm
had performance values as 0.861 for sensitivity, 0.855 for
specificity 0.855, and 0.858 for accuracy rate. While the
Exhaustive CHAID algorithm classified 74 of 83 Honamli
goats correctly, this algorithm assigned 12 of 65 Hair
goats incorrectly. Exhaustive CHAID had the 4™ largest
area under ROC among algorithms, with an AUC of
0.853. The coefficient of concordance (k) and correlation
(Phi) between the predicted values of this algorithm and
the actual values were 0.711. Although the Exhaustive
CHAID algorithm correctly separated both breeds in
close percentages, their performance values were a little
low compared to other algorithms (MARS, CHAID,
and CART). The QUEST algorithm correctly separated
Hair goats with a high rate (89.20%) but, the separation
percentage of Honamli goats (67.50%) remained quite
low. It was also the algorithm with the worst prediction
performance in terms of other performance criteria.

It has been determined that the CHAID algorithm was
one of the best classifiers among classification trees for
Honamli and Hair goat discrimination (Table 4). When
the CHAID diagram is examined, it was determined that
the first order effective independent variable on breed
discrimination was RH (Adj. P-value = 0.000, x2 = 59.332),
second order was Age (Adj. P-value = 0.014, x2 = 9.981),
and BH (Adj. P-value = 0.036, 2 = 6.313), and third-order
independent variables were LG (Adj. P-value = 0.045, x2
=13.362) and CD (Adj. P-value = 0.003, 2 = 12.577) (Fig.
2). Branches generated by independent variables in the
entire tree structure were statistically significant (P<0.05).

All goats considered in the study were divided into 3 sub-
groups (nodes) in terms of RH variable. In the first node,
39 (83%) of the goats with RH = <71.00 cm shorter were
Hair and 8 (17%) of them were Honamli. In the second
node, 25 Hair (43.1%) and 33 Honamli (56.9%) of 58 goats
were classified in a range of 71.0 <RH = <79.0. In the third
node, it was determined that 42 of the goats (71.9 <RH)
with RH traits more than 79 cm were Honamli (97.7%)

and only one of them was Hair goat.

Goats (3" node) with RH characteristics greater than
79 cm formed the 6™ and 7™ nodes in terms of GH
characteristics. In the 6™ node, 83.30% of the goats with
the BH trait less or equal to 79.50 cm were classified as
Honamli and 16.70% as Hair goat. All of the goats with the
BH trait values greater than 79.50 belong to the Honamli

breed (7" node).
While the 3 and 4™ nodes of the CHAID algorithm

diagram showed a division according to the age variable,
it did not have a direct effect on breed discrimination.

MARS CHAID CART
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Breed
Node 0
Category % nl
pomen=s ®Har 89 65
| ® Hair H ®Homamli 561 &3
) 8 sl Total 1000 122 |:
......... =
RH
Adj. Povalue=0,000, Cha.square=59,
332, df=2
|
! 9
<= 71,00 (71.&,139,03] > 79,00
Node | Node 2 Node 3
Category % n Category % n Category % n
® Hair 830 39 ® Hair 481 025 ® Hair a3 1
® Honamb 170 8 ® Homamli 569 33 ® Honamli 977 42
Total g 47 Total »2 B Total 2,1 4
| S [ =
A BH . g .
Adj. Pvaboe=0074, Chi.square=g, Adj. Pvalus=0,036, Chisequare=s, F_‘g 2. CHAID ) Classfﬁcanon tree
981, dfi=l 313, df=1 diagram of the diagnosis test of breed
| | discrimination
<-JJ,0 » JL,O <=17950 »79,50
Node 4 Node 5 Node 6 Node 7
Category % n Category % n Category % Category % B
® Har 22 6 ® Hair 61,3 19 ® Hair 167 1 ® Haw 00 0
® Homamli 778 21 ® Homamli 387 12 ®Honamli 833 5| (®Honamb 1000 37
Total 182 27 Total 209 31 Total 41 6 Total 250 37
T E T
10 cD
Ad). Povalue=0,045, Chi.equare=13, Ad). Povalue=0,003, Chi-square=12,
362, df=2 577, df=1
[ | yl
<= 5350 (53,50, 59,50] » 59,50 <=3 50 »2350
Node & Node 9 Node 10 Nede 11 Node 12
Category % n Category % n Category % n Category % n Category % n
® Hair R ® Hair n4a s ® Hair 00 0 ™ Hair 933 14 ® Hair 312 5
S Honamb 920 13| |WHomawli 286 2| |®Honsmli 1000 6| (WHovambh 67 1| |®Homaml 1
Total 95 14 Total 47 7 Total 41 6 Total 101 15 Total 108 16

Accordingly, it was determined that 13 of the goats aged
3 and under were Honamli (92.9%), and one of them was
Hair goat (7.1%) (LG = <53.50) in terms of LG (8" node).
In 9th node, the goats between 53.50 <LG = <59.50 were
classified as 2 Honamli (28.6%) and 5 as Hair (71.4%). At
the 10™ node, 100% of all goats with the LG trait larger
than 79 cm belong to the Honamli breed. In the 11" node,
when the CD of goats older than three years was less than
and equal to 23.50 cm, (CD = <23.50), 93.30% of goats
are classified as Hair and 6.7% as Honamli. If the CD trait
is greater than 23.50 cm (23.50 <CD), the probability of
finding a Honamli goat is 68.80% and 31.20% is a Hair
goat (12" node).

Di1sCcusSION

The most successful data mining algorithms used in the
phenotypic characterization of Honamli and Hair goats
were MARS and CHAID. While the MARS algorithm
used “LW”, “BH’, “CD”, “CG” “Sex’, “Age’, and “HL
traits as independent variables in breed discrimination,
the CHAID algorithm used “RH”, “Age”, “BH”, “LG”, and
“CD” The reason why these two algorithms use different
independent variables was their different working
principles. While the CHAID algorithm created a more
homogeneous subset, the MARS algorithm reveals the
independent variables and coefficients of regression that
affect the prediction model. Also, the CHAID algorithm
determines the independent variables by using the Chi-

square statistics and the Bonferroni corrected P-value after
categorizing the independent variables and converting
them into binary crosstabs “*¥l. The MARS algorithm,
on the other hand, selects the independent variable using
the generalized cross-validation error (GCV) method.
The non-significant variables in the model are eliminated
using the penalty function (M) in the GCV term, and in
this way, the multicollinearity problem is avoided **!.

It is claimed that the distinction between Honamli and
Hair goats will be made by experienced breeders using HL,
NL, and TL characteristics. This, however, is a subjective
statement that has not been scientifically proven by
any literature. Based on the findings of our study, it is
understood that this is just a discourse with no scientific
value. BH and CD features are common independent
variables used by MARS and CHAID algorithms in
the current study. It can be used in both algorithms to
discriminate between these two breeds. However, because
the CHAID algorithm uses fewer explanatory variables
than the MARS algorithm, it may be preferred by breeders
or researchers in terms of time and labor.

Essentially the same key variables can be used to describe
closely related animal species ©**. Nsoso et al.""! reported
that the effect of age is important for the phenotypic
characterization of indigenous Tswana goats reared
in Bostwana. Body length (BL) and chest girth (CG)
characteristics were reported to differ significantly in the
distinction between Brown and Gray Bengal goats . It
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was emphasized that cannon bone circumference (CBC),
chest girth (CG), chest depth (CD), rump height (RH),
rump length (RL), and withers height (WH) traits are
important for the distinction of five different indigenous
goat breeds in Spain "], Gonzalez-Martinez et al.l"!
reported that the chest depth (CD) and rump height
(RH) characteristics of the Murciano-Granadina and
Malagueiia dairy goat breeds reared in Spain are important
in breed discrimination. In Jordan, four indigenous
breeds and crossbred goats were separated by simple,
cluster, canonical, and stepwise discriminant analysis by
using the morphological characteristics. The independent
variables used in this distinction were reported as nose
shape, withers height (WH), live weight (LW), ear type
(ET), color, teat placement, chest width (CW), withers
depth (WD), and rump width (RW) “. Although the
statistical methods used in these studies were different,
the goat breeds were reared in different environmental
conditions, and their genetic structures are different, they
were partially compatible with our study results.

Bourzat et al.?! proposed two different indices for a simple
classification of goats. The first index is the difference
between withers height (WH), and chest depth (CD), while
the other is the difference between ear length (EL) and
chest depth (CD). Based on a univariate statistic for such
a classification, it should not be discussed how successful
these methods can be when all body characteristics of
goats are considered together. The classification should
be determined by a multivariate method and the methods
used should be quite powerful. In the literature, they
classified goats by using multivariate analysis methods
such as discriminant, clustering, canonical, principal
components analysis (PCA), multivariate statistical
methods (MANOVA), etc. 1011134143451 'However, a strong
classification could not be made since the multivariate
classification methods have some prerequisites and
the methods used do not have calibration (validation)
capabilities '), In this context, it would be a more accurate
approach to use data mining algorithms that are more
powerful than the methods used and that can control the
algorithm by cross-validation ©**l.

Orhan et al."! reported that there was a statistical difference
in terms of strength, thickness, cuticle, medulla, and cortex
characteristics of the hair structure of Honamli and Hair
goats (P<0.05), but there was not any difference in terms
of bulbous pili and scapus pili characteristics (P>0.05).
Although they are phenotypically different and the individual
comparison of the hair structure characteristics of goats
is an important finding, it is not known what the result
will be for breed discrimination when all the features
are examined together. In our current study, although
the data set has a very heterogeneous structure, it is seen
that the characteristics of goats that are important for

breed discrimination can be successfully made using
data mining algorithms.

In this study results, showed that a new phenotypic
characterization successfully allows distinguishing of
Honamli and Hair goat breeds by using some body
measurements and factors by data mining algorithms.
Considering the successful performances of three different
classification trees and MARS in breed distinction, CHAID
and MARS methods can be used to make a more accurate
classification. Moreover, data mining algorithms enable
the discrimination of breed, which is phenotypically
similar. In this way, the separation of phenotypically
similar animals with powerful classification tools can be
used as a preliminary step in selection programme. The
results suggest that data mining algorithms could contribute
to future studies about breed distinction of animals and
might have a good potential for the protection of animal
genetic resources. In addition, there is a need for studies
that will be used in different species of animals by using
data mining algorithms with both genetic and phenotype
data. In this way, it is hoped that by doing so, a new
quantitative method for the supply of breeding material
can be developed.
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Abstract: In this study, it is aimed to compare several data mining and artificial neural network algorithms to predict body weight from biometric
measurements for the Thalli sheep breed. For this purpose, the prediction capabilities of Bayesian Regularized Neural Network (BRNN), Support
Vector Regression (SVR), Random Forest Regression (RFR) and Multivariate Adaptive Regression Splines (MARS) algorithms were comparatively
investigated. To measure the predictive performances of the evaluated algorithms, body measurements such as body length, heart girth, ear length,
ear width, head width, head length, withers height, rump length, rump width neck length, neck width of Thalli sheep were used for predicting
the body weight. In this context, 270 female Thalli sheep were used to predict body weight. Model comparison criteria such as root-mean square
error (RMSE), standard deviation ratio (SDR), performance index (PI), global relative approximation error (RAE), mean absolute percentage error
(MAPE), Pearson’s correlation coefficient (r), determination of coefficient (R?) and Akaike’s information criteria (AIC) were used to compare all
algorithms. In conclusion, the MARS algorithm can be recommended to enable breeders to obtain an elite population of Thalli sheep breed.

Keywords: Bayesian regularized neural network, Multivariate adaptive regression splines, Random forest regression, Support vector regression,
Thalli sheep

Thalli Koyunlarinda Biyometrik Ol¢iimlerden Viicut Agirligi Tahmini I¢in Bayesian
Regularized Neural Network, Random Forest Regresyon, Support Vector Regresyon
ve Cok Degiskenli Regresyon Uzanimlar1 Algoritmalarinin Karsilagtirilmasi

Oz: Bu galismada, Thalli koyun 1rki i¢in biyometrik dlgiimlerden viicut agirligini tahmin etmek igin cesitli veri madenciligi ve yapay sinir ag1
algoritmalarinin karsilagtirilmas: amaglanmigtir. Bu amagla BRNN, SVR, RFR ve MARS algoritmalarinin tahmin performanslar1 karsilagtirmali
olarak incelenmistir. Degerlendirilen algoritmalarin tahmin performanslarini 6lgmek amaciyla viicut uzunlugu, gogiis gevresi, kulak uzunlugu,
kulak genisligi, bas genisligi, bas uzunlugu, cidago yiiksekligi, sagr1 uzunlugu, sagr1 genisligi boyun uzunlugu ve boyun genisligi gibi viicut
6lgiileri canli agirhigini tahmin etmek i¢in Thalli irki koyunlar kullanilmigtir. Bu kapsamda canli agirhik tahmini icin 270 adet disi Thalli koyunu
kullanilmistir. Téim algoritmalarin karsilastirilmasinda RMSE, SDR, PI, RAE, MAPE, r, R? ve AIC gibi model karsilagtirma kriterleri kullanilmustir.
Sonug olarak, yetistiricilerin elit bir Thalli koyun 1rki popiilasyonu elde etmelerini saglamak icin MARS algoritmas1 6nerilebilir.

Anahtar sozciikler: Bayesian regularized neural network, Cok degiskenli regresyon uzanimlari, Random forest regresyon, Support vektor
regresyon, Thalli koyunu

INTRODUCTION

According to the FAO 2019-year database, there are
14.810.000 head meat sheep in Pakistan [ In total, Pakistan
has 31 sheep breeds reared for meat, milk and wool
products .. Among those, the Thalli breed is a thin-tailed
sheep breed kept under tropical regions of Punjab province
located in Pakistan, and medium size breed that has white
body color, brown/black head with black spots on its legs.

Sheep is an invaluable small ruminant breed that is used
in many civilizations not only to obtain animal products
such as meat, milk and fleece, but also to improve the
rural economy . Body weight is the major economical
trait for all meat animals because income for farmers is
directly gained by the weight of the animal. More sustained
attention has been drawn to describe the relationship
between body weight and linear biometric measurements
(body measurements) for increasing meat production.
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Body measurements of sheep may reflect production
performance and genetic characteristics as well as growth
and development in sheep *.. Some body measurements
taken at early growth periods were reported to be
beneficial for early selection to improve superior offspring
in body weight in next generation and these measurements
provide helpful in practice for sheep breeders who are
willing to predict body weight, which is essential in flock
management.

In rural conditions where there is no weighing scale,
estimation of live weight in sheep by using body
measurements provides an important advantage in flock
management by making it easier to know the optimum
feed amount per sheep in the herd, marketing price,
medical doses, optimum slaughtering time . Estimation
based on body measurements used as one of the positive
effects on body weight is considered as an indirect selection
criterion in animal breeding .. In this framework, the
best way to ascertain the effective body measurements
are to implement reliable statistical techniques such as
multivariate analysis methods and data mining algorithms
for performing phenotypically breed description of sheep.

Many studies have been reported about the prediction of
body weight from body measurements in different animal
species such as sheep ", cattle "®!, rabbit 12, dog %)
and camel ", In the literature, there are many practical
approaches to estimate body weight for sheep breeds
by body measurements within the scope of multiple
regression "%, Classification and Regression Tree (CART)
and Chi-square automatic interaction detection (CHAID)
and MARS algorithm * and artificial neural networks !"°.
However, the application of Bayesian Regularized Neural
Network, Random Forest Regression and Support Vector
Regression is still rare for prediction of body weight
in sheep breeds. For Thalli sheep, there is a dearth of
information about revealing predictive performances of
various data mining and artificial neural network algorithms
to model the causal relationship between body measurements
and body weight in Thalli sheep. Thalli sheep related further
studies are necessary for developing economic situation
of smallholder farms under tropical regions of Pakistan.
Thalli sheep are a breed originating from the Thall region,
with a black mouth, Roman nose, black long ears, and
white colored other parts of the body.

In literature, there is an absence of information about
Thalli sheep raised in Pakistan such as the description of
the inbreeding effect on before weaning period of growth
features, identification of influential environmental factors
on before weaning time characteristics '’ and quantitative
genetic evaluation of after weaning period characteristics %,
Nevertheless, information on the body weight prediction
in Thalli sheep by body measurements emphasize
insufficiently. The prediction is of great importance for

making much better decisions on flock management,
breed standards, breeding schemes and conserving gene
reserves of the Thalli sheep. In this respect, sophistical
statistical techniques can help to produce more reliable
estimates within the scope of indirect selection criteria to
be applied in sheep and to reveal body measurements that
affect body weight. In recent years, use of these techniques
such as Artificial Neural Networks (ANNs), Classification
and Regression Tree (CART), Exhaustive Chi-square
Automatic Interaction Detector (Exhaustive CHAID),
Chi-square Automatic Interaction Detector (CHAID)
and Multivariate Adaptive Regression Splines (MARS)
has gained importance for the prediction of body weight
in various sheep breeds 1**'¢l. The current study has been
carried out both to fill this gap in the literature and to
compare the prediction performances of these algorithms.

MATERIAL AND METHODS

The research was carried out at Livestock Experiment
Station in Punjab, Pakistan. The animals were sent to graze
on the pasture between 9:00 am and 3:00 pm. The animals
were given water twice a day. They were vaccinated for
enteroxemia, peste des petits ruminants and pox. Wheat
bran was daily given 250 g/animal during the pregnancy
period. The rams were kept separately, and the natural
mating methods were done in August or September. As a
material, 270 female Thalli sheep were used. The age range
of Thalli sheep used in the study is between 1-2 years old.
The data on body measurements were recorded based on
some phenotypic traits in Thalli sheep. A digital weighing
device is used to determine body weight and a flexible
measuring tape (special tape) to record different body
measurements. Body measurements such as body length,
heart girth, ear length, ear width, head width, head length,
withers height, rump length, rump width, neck length,
neck width were used to predict of body weight.

Statistical Analysis

The data set can be assumed normally distributed by the
Kolmogorov-Smirnov normality test (P>0.05). Descriptive
statistics of all quantitative characteristics for Thalli sheep
breed were reported as mean, standard deviation. The
Thalli sheep data was partitioned two different data sets,
75% - 25% training and test sets, respectively. Additionally,
Bayesian Regularized Neural Network, MARS, Random
Forest Regression and Support Vector Regression algorithms
were used to estimate body weight from body measurements
in Thalli sheep.

Statistical evaluations were made using the R software ["*.
To provide information about the structure of the data,
descriptive statistics were performed. Descriptive statistics
for all variables were estimated by using “psych” package in
R environment *°. In addition, correlation plot drawn by
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“corrplot” package in R software *!!. The “caret” packages
in the R software were used to perform the analyzes of
the BRNN and MARS algorithms 2. The random forest
regression was performed by using “randomForest”
packages . Also, support vector regression algorithm
was performed by using “e1071” package in R software 2%,
To display the performances of the constructed BRNN,
MARS, Random Forest and Support Vector Regression
models, the “ehaGoF” package was employed /.

Bayesian Regularized Neural Network Algorithm
(BRNN)

Artificial Neural Networks (ANNs) are known as
mathematical models utilized in many scientific fields
with the scope of solving prediction problems /. ANNs
as one of the powerful artificial intelligence algorithms
is structurally similar to the human brain and can be
manipulated for sequential, nominal, scale-dependent
variables. ANNs topologically consist of three layers such
as input layer, hidden layer and output layer, respectively.
The input layer consists of explanatory variables that the
hidden layer depends on to start the process. The hidden
layer consists of the activation functions and computes the
weights of the explanatory variables in order to explore
the effects of explanatory variables on the response
variable I, Two types of ANNs algorithms such as radial
basis functions neural networks (RBFNN) and bayesian
regularized neural networks (BRNN) enable analysts
to construct better models in predictive performance in
comparison with linear models *°/.

The BRNN function fits into a neural network that has

input, hidden and output layers as described as given
below 252,

yi = 8(xp) + e = X1 Wik (bk + ij=1 XijBl[(k]) +e,i=1,...,n()

where, s is number of neurons for hidden layers, by is
the bias for the kth neuron for k=1, ..., s, wy is the

weight of the k™ neurons for k=1, ..., s, Bl[(k] is the weight
of the j™ input of the network, x;; is the input of jth
predictor in ith observation, e; is the error term of the
model, g is the activation function that equation as
given below:

exp(2x)—1
exp(2x)+1

gr(x) = 6)

It uses Nguyen and Widrow algorithm to assign starting
weights while performing this function and Gauss-Newton
algorithm to provide optimization *°.. The Nguyen and
Widrow initialization algorithm generates the initial weight
and bias values to evenly distribute the active regions of
neurons over the input area %2,

Support Vector Regression (SVR)

An important branch of the support vector machine,
which is one of the machine learning algorithms, is the
support vector regression (SVR) algorithm **. While the
statistical method used in classification is called support
vector classification (SVC), the statistical method used
with modeling and prediction is called SVR 3. Since
SVR is a supervised learning method, the performance of
SVR varies depending on the training and test dataset 7.,

In linear SVR model, the main goal of SVR is to define
a function f(x) that can have the maximum deviation (g)
from the training set and should be as straight as possible.
Training data points are placed within the limit between
—¢ to +e 1, However, most of these studies cannot be
modeled within the scope of linearity. Therefore, in the
case of nonlinear SVR, the input data is matched to a higher
dimensional Hilbert space () so that the regression line
can be linear %,

The nonlinear regression hyperplane to be obtained is as
follows.

y=(w,p(xX))+Db ©)

In this equation, w is a weight vector, ¢(x) is non-linear
kernel functions, {.,.) indicates vector inner product and
is a bias term. There are many nonlinear kernel functions
and one of these kernel functions is gaussian radial basis
function kernel. The kernel function used in this study is
the gausian radial basis function.

Random Forest Regression (RFR)

Random Forests is a popular method among multivariate
statistical methods because of its easy applicability in
classification and regression type problems. The Random
Forest algorithm, which adds a layer of randomness to
the bagging algorithm, was proposed by Breiman ©**. The
RFR algorithm is a learning algorithm by combines sets of
regression trees. A regression tree is represented as a set of
constraints that are applied hierarchically from root to leaf
of the tree ***%, The biggest advantage of this algorithm is
that it can be easily used in the case of nonlinearity.

The algorithm requires a process that includes three stages *\.

The first procedure is to build the number of trees (n..)
bootstrap samples from original data. The second procedure
is to develop an un-pruned classification or regression tree
for each sample. The last procedure is to estimate the new
data from the tree. For the Thalli sheep data set, model
parameters such as n,.. and the number of variables tried
at each split are selected (m,,) 500 and 3, respectively.

Multivariate Adaptive Regression Splines Algorithm
(MARS)

One of the tree-based algorithms are used to solve regression-
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type problems while estimating based on quantitative
traits I, To solve classification problems, The Multi-
variate Adaptive Regression (MARS) algorithm, which
is a non-parametric regression technique that enables
more effective identification of nonlinear and interaction
effects between response and explanatory variables, was
proposed by Friedman " and derived from the CART
algorithm. In the algorithm, there is no need for any
assumptions about both the distribution of variables and
the relationships between variables 1“>*!. The algorithm is
a non-parametric regression technique in which various
slopes in the training data set are divided into individual
segmented linear segments (splines) .. Splines connect
seamlessly and form connection points called “knot”.
Candidate nodes are randomly placed within the range of
each estimator, so the model estimation to be made with
the MARS algorithm is more flexible and interpretable
with the help of piecewise linear regressions *°!.

The algorithm consists of two different stages, a forward
and backward pass stage [”\. The first stage for the algorithm
is the forward pass stage. At this stage, the algorithm starts
with an intercept in the first model and to improve the
model recursively includes the basic function pairs
with the least training error. The forward pass stage
characteristically produces an over-fitted pattern that
reaches maximum complexity “*. The model constructed
from the forward pass stage fits particularly good.
Nevertheless, its generalization ability can be weak for
a data set before an undetermined constructed model
which means an overfitting problem. The basic functions
that provide the least amount to the prediction model are
eliminated in the backward pass stage and this situation
is used in the solution of this problem 7],

At the beginning of the analysis, the multicollinearity
between the explanatory variables was checked and it
was found that there was no multicollinearity between
the variables. To estimate BW using the training data set,
the cross-validation method was used to decide the best
MARS model among 324 MARS model with degree = 1:10
and nprune = 2:38 in determining the number of terms
to be selected in the model. Ten-fold cross-validation was
used for MARS model in the training data set.

RMSE, rRMSE, SDR, PI, RAE, MAPE, r, R? and Adj-R?
criteria were used to compare the performance of the
model. To compare the model performances were made
according to the lowest RMSE, rRMSE, SDR, PI, RAE,
MAPE values and the highest r, R? and Adj-R? value 5.

RESULTS

Mean and standard deviation as the descriptive statistics
of each trait in the present study for Thalli sheep are
given in Table 1.

Fig. 1 showed that Pearson’s correlation coefficient to
determine the relationship between body measurements
and BW. All correlation coefficients were determined to
be statistically significant (P<0.01).

To compare the algorithms, some model comparison
criteria were used for determining the performances of
the algorithms in Table 2. Using metrics, the performances
of all models at each stage were evaluated with test data
from the respective stages and compared to determine the
best model.

The metric methods used were evaluated for both the train
and the test set, and the methods were compared to find
the best method. According to Table 2, the performance in
the test for each model was determined to be weaker than

Table 1. Descriptive statistics for each measurement

Variables Mean Standard Deviation
Withers height 63.92 7.66
Body length 63.71 9.08
Head length 24.63 431
Head width 9.53 1.64
Ear length 26.5 2.82
Ear width 11.69 1.31
Neck length 24.26 3.54
Neck width 15.62 2.25
Heart girth 68.15 9.58
Rump length 12.93 2.54
Rump width 18.16 4.36
Body weight 23.77 6.89
i
=N
@
F -
¢ g
@ jo)
;C_/ | ~4
= T 0§
g 5
withers_height 1.00 8 £
3
body_lengih 0.871.00 £ = _
© o
head_length 075078100 £ 5
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head_width 065061052100 & = &
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ear_length 0.62 0.57 0.480.451.00 & — <
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ear_width 0.62 0.54 0.41 0.55 0.75 1.00 2 i| &
neck_length 0.72 0.68 0.64 0.61 0.480481.00 & °I §
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Fig 1. Correlation matrix
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Table 2. Model comparison criteria for BRNN, SVR, RFR and MARS algorithms

BRNN SVR RFR MARS
Model Comparison Criteria
Train Test Train Test Train Test Train Test
Root mean square error (RMSE) 11.093 10.41 7.272 11.21 11.797 11.684 9.375 10.076
Standard deviation ratio (SDR) 0.477 0.476 0.386 0.496 0.492 0.507 0.439 0.460
Pearson’s correlation coefficients (PC) 0.879 0.880 0.922 0.868 0.871 0.863 0.899 0.888
Performance index (PI) 7.467 7.197 5.909 7.514 7.733 7.694 6.793 7.05
Relative approximation error (RAE) 0.018 0.017 0.012 0.018 0.019 0.019 0.015 0.016
Mean absolute percentage error (MAPE) 12.063 13.177 7.764 12.537 11.615 12.884 10.39 12.086
Coefficient of determination (R?) 0.772 0.758 0.851 0.74 0.758 0.729 0.808 0.766
Akaike’s information Criterion (AIC) 490.881 154.620 404.737 159.511 503.435 162.245 474.571 170.467
B1 B2
withers_height 11
body_length 2
head_length 13
head_width {14
ear_length 15
— o o1 Ppresentweight | | Fig 2. BRNN architecture to predict BW
neck_length 17
neck_width 18
heart_girth {19
rump_length 110
rump_width (111

the training dataset. When all metrics were evaluated, it
turned out that the algorithm with the best fit for both
the train and the test set was the MARS algorithm.

The Bayesian regularized neural network (BRNN) models
were trained using the training data sets to predict the
body weight. BRNN network algorithm produced a
topologically 11-1-1 structure (the number of neurons in
the input, hidden and output layers, respectively (Fig. 2)
for the body weight prediction. In addition, the optimum
BRNN model was achieved in the 12™ epoch of the training
phase. The network with one neuron gave the lowest
RMSE value (Fig. 3). The goodness of fit criteria revealed
that BRNN algorithm produced the best fit among the
candidate algorithms (Table 2). Sensitivity analysis was
carried out to estimate the relative importance values of
the explanatory variables on body weight (Fig. 4).

At the beginning of the SVR algorithm was trained training
data. After the training process the SVR were examined to
estimate the body weight for Thalli sheep breed. Gaussian
radial basis kernel function for SVR estimation of body
weight. The reliability of the model depends on the
selection of parameters such as cost (C) and epsilon. These
parameters were tested for various values and analysis was

applied for C and epsilon values, which would give the
most reliable model. Sensitivity analysis was carried out
to estimate relative importance values of the explanatory
variables on body weight for SVR (Fig. 5).

For RFR, the model performance metrics were given in
Table 2. In addition, sensitivity analysis was carried out
to estimate relative importance values of the explanatory
variables on body weight for RFR (Fig. 6).

The optimum MARS model with 9 terms and degree: 1
is selected as the optimum model with the lowest cross-
validated RMSE value among 324 candidate MARS
models. The optimum MARS model obtained is as bellow
in Table 3.

Di1sCcUSSION

Methods based on body measurements are widely used
in determining the relationship between BW and the
structure of the animal species. However, the validity of
the statistical method used to estimate BW from these
body measurements is also important. In this context,
many studies have been carried out for different animal
species. In multivariate statistics within the scope of data
mining and artificial neural networks, the use of model
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comparison criteria has been proposed in the selection of
the best model 2. In this context, model performances
are compared according to the lowest RMSE, rRMSE,
SDR, PI, RAE, MAPE values and the highest r, R* and
Adj-R? values 48,

Table 3. Obtained optimum MARS model

Intercept 10.8827049

(19.05-head_length) 1.5792126

(head_length-22.86)

-1.2350427
(neck_length-27.94) 0.6855337

(heart_girth-53.34) 0.1611244

With the use of these algorithms, by determining the
selection scheme in Thalli sheep, the variables that are
effective in BW estimation can be determined, and this
will lead to sustainable livestock breeding. However,
there are deficiencies in the literature on studies using



Research Article

417
TIRINK

these algorithms. In this context, it has been determined
that only the MARS algorithm and some of the ANN
algorithms are used in the literature.

Ali et al.®! compared the ANN, CART, Exhaustive
CHAID and CHAID algorithms in their study on the
Harnai sheep breed. When the study was evaluated within
the scope of R?, Exhaustive CHAID was estimated 0.8421,
CHALID as 0.8377, CART as 0.82644 and ANN as 0.81999.
The proposed method was the Exhaustive CHAID
method to define the standards of Harnai sheep breed.
Our obtained R? values were found lower than the results
in comparison of ANN algorithm which is comparable for
both studies. Breed and evaluated traits may be the factors
of these differences.

Eyduran et al.®™ used CART, CHAID and ANN (RBE,
MLPI1 and MLP2) algorithms for BW prediction for
Beetal goat and this study, which was evaluated within
the scope of the correlations found between predicted and
actual values, the highest correlation was determined for
RBF of the ANN algorithm. In this context, the current
study is thought to have different results due to differences
between species.

Celik et al.”! aimed to compare CART, CHAID, Exhaustive
CHAID, MARS, MLP, and RBF on Mengali rams. Within
the scope of model comparison criteria R?% SDratio and
RMSE the best prediction model was determined as the
CART algorithm. However, the MARS algorithm appears
to have an R? value of 0.88. In the current study, it has been
seen that the R? value for the train set is similar.

Compared to the results of previous studies, the breeds
used in the studies, the age of the animals, the differences
in flock management systems and the statistical methods
used can be attributed to this wide variation. In this
context, compared to results from other studies, it was
determined that provide similar results according to the
chosen model of evaluation criteria. However, different
methods have been proposed in terms of the methods
used. Suggesting different statistical methods for BW
estimation using body measurements reveals that there is
a need for more studies on this subject.

In the literature, variability in BW estimation in sheep may
be due to differences in the number of samples used, breed,
sex, flock management systems and statistical methods. For
this purpose, the correct use of the factors that cause these
differences is very important for a sustainable livestock
breeding and selection. The correct use of statistical
methods, which is one of the factors that cause variability,
will create the make a right decision mechanism with
more reliable estimates.

The results show that the BW estimation to be made with
the MARS algorithm is more reliable within the scope
of model comparison criteria. For the MARS algorithm,

body length, head length, head width, neck length and
neck width measurements were determined to be the
most effective BW estimation.

There is no available information to estimate body weight
from body measurements within the scope of BRNN,
SVR, RFR and MARS algorithm for Thalli sheep. In the
present study, body weight was estimated from body
measurements by using these algorithms for Thalli sheep
breed. Although all algorithms have their own advantages
and disadvantages, the model performances obtained
from the MARS algorithm were better determined.

In conclusion, the MARS algorithm can be recommended
to enable breeders to obtain an elite population of Thalli
sheep breed. In addition, it provides to increasing BW as
a selection criterion for determining appropriate body
measurements and flock management standards. The
results of this study, based on model selection criteria for
the selection of the most suitable model, showed that data
mining and artificial neural network algorithms can be
successfully applied to BW estimation based on measured
body measurements. Even if there are some differences in
the value of the comparison criteria, more reliable models
can be obtained by conducting similar studies.
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Abstract: This study aimed to determine the effects of milk supplemented with different amounts (10-15 mL/day) of probiotics (effective
microorganism-EM) during the period until weaning (70 days) of the calves on the growth performance [live weight (LW), live weight gain
(LWG), the feed conversion ratio (FCR), body measurements], rumen volatile fatty acids (VFA), health status and profitability. A total of
42 calves were divided into three groups as control and two treatment groups (EM10 and EM15) containing 14 calves in each with similar
live weights (42+5 kg), ages (7+3 days), breeds (7 Holstein and 7 Simmental), and sex (7 female and 7 male). The control group had no
supplement in the milk, whereas the calves in the treatment groups received 10 mL of EM per calf per day orally or 15 mL of EM with milk.
According to the study results, using the 10 and 15 mL/day of EM in calves had no significant effect on the performance (LW, LWG, FC,
body measurements), VFA, disease rates, and profitability (P>0.05). However, in the first 30 days of the study, the FCR of the EM10 group
was positively affected compared to the control group (P<0.05). In conclusion, slightly better results were obtained in both treatment groups
regarding body measurements, VFA, disease rates, treatment costs and profitability than the control group.

Keywords: Calf feeding, Effective microorganism, Performance, Probiotic, Profitability

Buzag1 Beslemede Probiyotik Kullaniminin Biiyiime Performansi,
Rumen Ucucu Yag Asitleri, Saglik Durumu ve Karliliga Etkisi

Oz: Bu galismada siitten kesilene kadarki dénemde (70 giin) buzagilara farkli oranlarda (10-15 mL/giin) siite ilave edilen probiyotigin (efektif
mikroorganizma-EM) bityiime performanst [canli agirlik (CA), canli agirhik artist (CAA), yemden yararlanma orani (YYO), viicut dlgiileri],
rumen ugucu yag asitleri (UYA), saglik durumu ve karlilik tizerine etkilerinin belirlenmesi amaglanmigtir. Caliymada toplam 42 buzagi, canli
agirliklart (4245 kg), yaslar1 (7+3 giinliik), irklar1 (7 Holstayn, 7 Simental) ve cinsiyetleri (7 disi, 7 erkek) benzer olacak sekilde bir kontrol ve
iki deneme grubu (EM10 ve EM15) olmak tizere her grupta 14 buzag: olacak sekilde toplam 3 gruba ayrilmistir. Deneme grubunda bulunan
buzagilarin siitlerine kontrol grubundan farkli olarak, EM10 grubunda buzag bagina giinlitk 10 mL EM ve EM15 grubunda ise 15 mL EM
katilarak oral yolla igirilmistir. Calisma bulgularina gore, buzagilarda 10 ve 15 mL/giin EM kullanilmasi, performans (CA, CAA, YT, viicut
olgiileri), UYA, hastalik oranlar1 ve karlilik degerlerini 6nemli oranda etkilememistir (P>0.05). Ancak, ¢alismanin 0-30. giinleri arasinda
EM10 grubunda, YYO kontrol grubuna gore olumlu etkilenmistir (P<0.05). Sonug olarak, deneme gruplarinda viicut dlgiileri, UYA, hastalik
oranlari, tedavi maliyetleri ve karlilik agisindan kontrole gore nispeten daha iyi sonuglar elde edilmistir.

Anahtar sozciikler: Buzag: besleme, Etkili mikroorganizma, Karlilik, Performans, Probiyotik

INTRODUCTION problems of the dairy cattle industry globally and in our

country is the high calf diseases and losses, especially in
Healthily raising calves is very important for the economic  the pre-weaning period. The rate at which dairy calves
sustainability of dairy cattle farms. One of the most critical ~ die in farms is estimated to be over 10% in Turkey and
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5-10% in Europe !\ The growth performance of young
calves is strongly related to the type of consumed feed,
the rearing system, and intestinal microbiota balance 7).
Nowadays, more intensive rearing is carried out due to
the increasing scale of farms in animal husbandry, which
brings hygiene, care-feeding, and management problems.
Because of these problems, gastrointestinal infections, and
diarrhea, which are seen in calves in the first months of
life due to enteric bacteria imbalance, are the leading
health problems that cause the deaths of calves, yield and
economic losses. It has been claimed that the composition
and individual variations of the intestinal microbiota
of calves may play an essential role in the pathogenesis
of gastrointestinal diseases and diarrhea and may be
associated with susceptibility to enteric infections *°).
Therefore, developing a healthy intestinal microbiome
is vital for the sustainability of animal production and
its economic aspect " Since the enteric infection causes
growth retardation, increases the risk of diseases and
death, and adversely effects on fertility and fertility para-
meters (delay in first calving age and first lactation) in the
future, prevention of diarrhea and enteric diseases should
be the primary goal in calves "¢,

The use of antibiotics in calf nutrition, either directly or
in whole milk or milk substitute formula, has been widely
accepted as a strategy to reduce early diarrheal morbidity and
mortality '8l However, the possibility of the emergence
of microbial resistance due to antimicrobials in animal
production and the potential risks for human health and
food safety have led to legal regulations regarding the
use of antibiotics in animal husbandry. Therefore, new
strategies are needed to minimize the susceptibility of
calves to intestinal infections and diarrhea and improve
intestinal health. Thus, studies on giving safer food additives
instead of antibiotics to calves in the suckling period
have increased. Probiotics have become a good option
for manipulating the intestinal microbiome to improve
calf health and development ">?’l. Despite the increasing
interest in the use of probiotics to improve the performance
and health of animals by balancing the gastrointestinal
microbial ecosystem in recent years, the mechanism of
action of probiotics is still not fully elucidated. Different
mechanisms have been proposed to explain the effects
of probiotics. Most common observed and hypothesized
mechanisms include probiotics competing for nutrients,
producing antibacterial compounds (e.g., organic acids,
hydrogen peroxide, bacteriocins) in the intestinal lumen,
production of biofilms by changing the bacteria population
of the gastrointestinal tract, stimulation of fecal shedding of
coliforms, invading certain areas of the intestinal mucosa,
decrease concentration of stress hormones (cortisol), and
activating the pre-existing immune system of calves (72!,
Agazzi et al.”? reported that the administration of probiotic
to calves altered the microbiota balance and nutrient

utilization in the GI tract and increased the growth
performance.

It has been reported that the use of probiotics in calf
nutrition reduces the weaning age, increases the number
of rumen microorganisms and the digestion of feed, and
thus contributes to the development of rumen flora and
fauna earlier .

While probiotics were primarily used in monogastric
animals, it has been observed that probiotics in ruminants,
especially in preruminants, have become widespread
in recent years. It has been reported that proper and
enough probiotics can be added to milk or starter feeds in
preruminant calves to improve intestinal health, promote
early solid feed intake (FC) and improve growth !"’l In
some of these studies, it was determined that probiotics
significantly increased live weight (LW) 27, live weight
gain (LWG) 227281 feed consumption ¥, feed efficiency ¥
and significantly decreased the incidence/duration of
diarrhea, and the fecal counts of coliforms 1*?*, On the
other hand, in some studies, probiotics did not affect the
growth performance and the survival of calves /. The
diversity of the results in the previous studies which do not
fully support each other may be due to factors such as; the
strain of the probiotic microorganism used, the dose, the
quality of the feed consumed (nutrient and energy level),
the amount of feed/milk consumed, the addition of the
probiotic to the feed or milk, and the rearing conditions
of the calves.

This study was performed to determine the effects of
probiotics (effective microorganism-EM) added to
the milk in different amounts (10-15 mL/day) during
the pre-weaning period on the growth performance,
rumen volatile fatty acids, health status, and profitability
of calves.

MATERIAL AND METHODS
Ethical Statement

This study was approved by the Erciyes University Animal
Experiments Local Ethics Committee (Approval date and
number: 03.11.2021 and 21/235).

Commercial Probiotic Product

The probiotic additive used in the study (EM Agriton®,
Okinova, Japan) contains Lactobacillus fermentum, Lacto-
bacillus plantarum, Lactobacillus rhamnous, Lactobacillus
casei, and Lactobacillus delbrueckii lactic acid bacteria
and Saccharomyces cerevisiae yeast. This commercial
additive contains 1*10” cfu/g microorganisms, and its pH
value is 3-3.85.

Study Design and Calf Nutrition

In the study, 42 calves were divided into three groups
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containing 14 calves with similar live weights (42+5 kg),
ages (73 days), breeds (7 Holstein, 7 Simmental), and
gender (7 female, 7 male) in each as a control group and
two treatment groups (EM10 and EM15); Unlike the
control group, the calves in the treatment groups were
given either 10 mL of EM per calf per day or 15 mL of EM
per calf per day via the oral route.

Calves of cows in 2" and/or 3" lactation were used in
the study. All calves were fed from a bottle within the
first 30 min after birth. In the study, all calves were given
colostrum 8-10% of live weight (LW) in 3 meals. The
calves were housed in individual compartments, and they
all received pelleted calf starter feed (90%) and alfalfa hay
(10%) mixed, and water ad libitum during the experiment.
Calf starter feed (90%) and alfalfa hay (10%) mixed were
given to the calves starting from the age of 10 days. A 5.8
L/day of full-fat milk (35°C) was given with a nursing
bottle to each calf in all groups in two meals (at 8:00 and
18:00) during the 1#-30™ days of the study, and during the
31°-70" days of the study, all the calves received 7.4 L/day
of full-fat milk (35°C) in two meals.

All liquid and solid feeds given to the calves were weighed
and recorded daily. Daily dry feed consumption was
determined by collecting and weighing the remaining
amounts of starter feed and alfalfa hay mix given to the
calves every day. Total dry matter consumption was
calculated from the sum of DM from milk and DM from
dry feed (starter feed + alfalfa hay). The FCR was calculated
by dividing the consumed total dry matter (DM) (milk
DM + solid feed DM) to the total LWG of calves.

Health and Growth Records of Calves

The calves were individually weighed at the beginning
(day 0), middle (day 30), and end (day 70) of the study
on a scale with an accuracy of 0.1 kg, and their LW's were
recorded. In the beginning and at the end of the study, the
height at wither (WH), height at rump (RH), body depth
(BD), chest circumference (CC), body length (BL), and
rump width (RW) of all calves were measured individually
before feeding using a tape measure and a measuring
stick. The calves were observed for any disease symptoms
(diarrhea, fever, etc.), and the treatment procedures
and drugs used in the diseases were recorded during
the study.

Determination of Volatile Fatty Acids in Rumen Fluid
of Calves

At the end of the study, rumen fluids (approximately 2
hours after feeding) of 8 calves from each group were taken
by a rumen tube. First 10 mL of rumen fluid discarded to
minimize the saliva contamination and then collecting
about 20 mL of rumen fluid (both solid and liquid
fractions) for analysis. The rumen fluid was immediately

brought to the laboratory in an aerobic environment and
the thermos with the ice-bag into a falcon tube (50 mL
volumetric) with screw cap to prevent volatile fatty acid
loss. The concentrations (mmol/L) of volatile fatty acids
(VFA’) (acetic, butyric, propionic, iso-butyric, valeric,
hexanoic, iso-caproic, n-heptanoic, and iso-valeric acids)
in the rumen fluids were identified in a GC-FID device
(Thermo Trace 1300, Thermo Scientific, USA) with a
polyethylene-glycol-based phase GC Column (Thermo
ScientificTM, TRACE TR-WAX GC Column, USA) BY
using the Xcalibur™ software (Thermo Scientific™, USA).

Determination of Chemical Compositions of Starter
Feed and Lucerne Hay and Milk

The feed samples were ground in a laboratory-type mill
(IKA Werke, Germany) with a diameter of 1 mm. Dry
matter (DM), diethyl ether extract (EE), crude protein
(CP) (nitrogen x 6.25), and ash compositions of grounded
samples were analyzed according to the AOAC 2. The
analyses of all these chemical compositions were carried
out in triplicate. At the beginning of the experiment and
regular intervals during the rest of the study (three-day
intervals), analyses for nutrition and quality of the whole
milk used in the experiment were carried out using a milk
quality analyzer (Milkana® Superior Plus).

Economic Analyses

In the economic analysis, calf feeding (milk=$0.22/L;
alfalfa hay=$0.11/kg; starter feed=$0.22/kg), treatment,
and control expenditures were considered in the cost
calculation. The calf price was assumed as $3.7/kg LW in
the total income calculation (personal communication).
Profitability was calculated by subtracting total cost
from total income. A partial budget analysis applied
for determining the effects of using EM in calf feeding.
Partial budget analysis aimed to determine the positive
or negative effects of change made in the production
system. In the analysis, “Additional Income Increase” and
“Decreased Costs” have a positive effect on the production
system; “Decreased Income” and “Additional Costs” have
a negative effect. The net income increase obtained as a
result of the partial budget analysis was calculated with
the help of the following formula;

Net Income = (Additional revenue increase + Reduced
costs) — (Decreased revenue + Additional costs) .

Statistical Analyses

In the study, calf LWs, body sizes, solid and liquid DM
amounts, rumen volatile fatty acid amounts, and the
financial results were analyzed by using the One-Way
ANOVA. Disease rates were evaluated with the chi-square
test (SPSS, 22.0). Duncan’s multiple range test was applied
to determine the differences between the groups. Data
were given in meantstandart error (X+Sx).
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RESULTS

The nutrient amounts of the milk, calf starter feed, and
alfalfa hay consumed by the calves are given in Table 1.

The LW, LWG, FC, and FCR of the calves by the groups in
the study are given in Table 2.

The use of 10 and 15 mL/day EM per animal in the study
did not significantly affect the LW and LWG values on
the 30" and 70™ days (P>0.05). However, the highest
LW and LWG values were found in the EM15 group.
Although the DM consumption from liquid and solid
feeds was highest in the EM15 group, no significant
difference was determined (P>0.05). Compared to the
control group, while the FCR was positively affected in
the EM10 group (P<0.05), there was no difference in
the EM15 group (P>0.05) for 0-30 days. On the other
hand, there was no significant difference between the
groups regarding FCR during days 31-70 and 0-70 (P>0.05;
Table 2).

The body measurements (WH, RH, BL, BD, CC, RW) of
the calves throughout the study are given in Table 3.

Table 1. Chemical compositions of starter feed and lucerne hay and milk

Supplementation of EM to calves in different amounts
(10 mL-15 mL) did not significantly affect their body
measurements (WH, RH, BL, BD, CC, RW) on the 70
day (P>0.05). However, it can be said that the changes in
WH, BD, and BL (cm/day) were positively affected in the
EM10 group (Table 3).

The amounts and ratios of volatile fatty acids obtained
from the rumen fluids of the calves at the end of the study
are given in Table 4.

There was no statistical difference between the groups
regarding the VFA rates in rumen fluids taken from calves
at the end of the study (P>0.05). The highest ratios of acetic
acid (51.0%) and propionic acid (30.8%) were found in the
group given 10 mL/day of EM. The highest butyric acid
ratio was found in the control group (Table 4).

Disease rates in the calves throughout the study are given
in Table 5.

Although there was no statistical difference between the
groups regarding disease rates, the highest number of diseases
was observed in the control group (P>0.05; Table 5).

DM: dry matter, CP: crude protein, EE: diethyl ether extract, CF: crude fiber

Table 2. Live weight, average daily gain, feed intake, feed efficiency of calves treated with or without probiotic (EM) during the first 70 days

* Dry matter consumption from milk, g/calf/day + dry matter consumption from starter feed, g/calf/day + dry matter consumption from roughage, g/calf/day
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Table 3. Body measurements of calves treated with or without probiotic (EM) during the first 70 days

Table 4. Rumen volatile fatty acids (VFA) amounts and ratios

VFA: Total volatile fatty acids

Table 5. Disease rates in calves
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Table 6. Nutrition, treatment and disease control costs of calves

$=13.5 TRY

Table 7. Economic reflection of use of EM in calf feeding

$=13.5 TRY

The costs of feeding, treatment, and disease control
throughout the study are given in Table 6.

According to the study’s findings, there was no statistically
significant difference between the groups regarding
total cost between days 0-30, 31-70, and 0-70 (P>0.05).
In addition, when a comparison of feeding-related
costs was made throughout the study, the highest cost
($120.2/calf) was that of the EM15 group. When the
groups were compared in terms of treatment costs, the
cost of treatment in the period covering 0-30 days, which
had the highest disease rate, was higher than that of the
cost of the period covering 31-70 days. In terms of the
groups, the treatment cost was higher in the control group
($4.4/calf) than in the treatment groups. It was calculated
that calf feeding cost alone constituted 88-90% of the total
cost (Table 6).

The results of the economic analysis (total cost, total
income, and profit) of the study groups are given in Table 7.

According to Table 7, there was no statistical difference
between the groups in terms of the total cost, total income,
and profit (P>0.05). However, the total cost was calculated
to be the lowest in the EM10 group ($130.9/calf) and the

highest in the EM15 group ($133.3/calf), while the highest
income ($359.3/calf) and profit ($226.0/calf) were seen
in the EM15 group.

Di1SsCcUSSION

In recent years, studies on the use of probiotics have
increased for purposes such as; increasing calf feeding
performance, reducing mortality, and improving intestinal
health. In this study, although the LW and LWG increased
numerically at the end of the study in calves given
probiotics at different amounts (10-15 mL/day), they
were not significantly affected. This finding was consistent
with the results of the studies, which reported that
probiotics positively but not significantly affected LW in
calves >33 However, it was determined that the daily
use of 10 mL and 15 mL of probiotics in calf feeding
increased profitability by 2% and 6%, respectively.

In contrast to the findings of this study, Gryazneva et
al.’¥ claimed that probiotic application consisting of
Lactobacillus strains significantly increased the end-of-
experiment LW in calves. Timmerman et al.? reported
that veal calves, when fed with milk substitute feed with
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probiotics, showed an increase in LW gain at one week
old but showed limited beneficial effects during the first
two weeks of life. The lack of the effect of the EM additive
used in this study on LW and LWG or obtaining mixed
results from some literature findings may support the
view that the effects of probiotics are directly related to
the type and dose of probiotic strain consumed by the
calves, the feed consumed by the calves, the duration of
the probiotics supplementation as well as the age and the
rearing system of the calves.

A probiotic function may be associated with improved feed
efficiency, especially in diets containing a high proportion
of dry matter such as grain and forage "%, which positively
affect ruminal development.

Similar to the results of the studies reporting that pro-
biotics improve the FCR of calves %3351 in this study,
the FCR of calves receiving 10 mL/day EM for the first 30
days of their lives improved significantly. However, it was
determined that EM consumption did not substantially
affect FCR in the following periods (days 31-70). This
finding supports the view that probiotics are most effective
on calves in the neonatal period. In this study, compared to
the control and EM10 groups, the total DM consumption
from liquid and solid feeds was also numerically higher
in the EM15 group, in which the highest LW and LWG
values were observed. This study determined that feeding
with EM did not significantly affect DM consumption
in calves. This finding has supported the results of
previous studies reporting no effects of probiotics on
DM consumption “#2. On the other hand, Ruppert et
al.’l reported that probiotics increased the FC between
the 2™ and 28™ days.

Giving 10 and 15 mL/day of EM to calves up until their
weaning slightly but not significantly increased their
body measurements (withers height, rump height, body
depth, chest circumference, body length, rump width)
when compared to the control group. These findings have
supported the results of studies reporting that probiotics
do not significantly affect body measurements *¢*,
However, some studies reported that probiotics affected
calves’ CC %1, WH B745471 and BL >4 developments
positively.

Gastro-intestinal and respiratory diseases are the two
main causes of calf mortality in early life. Gastrointestinal
diseases, which are common in intensive breeding systems
due to intestinal microbial imbalances, are among the most
important factors affecting the growth and development
of calves in the first few weeks of their lives, and thus
the performance of calves in their later years and the
financial status of the enterprises *****!, Producers are
at great risk of sustaining significant direct and indirect
economic losses due to negative effects on calf health and

productivity and the investment in therapeutics . Calves
are particularly susceptible to intestinal infectious diseases
in the first postpartum period and diarrhea, among other
health problems, poses a significant risk. The use of
probiotics in this period has been a frequently used tool
in recent years to maintain the intestinal microbial balance
and prevent the formation of opportunistic pathogenic
bacterial populations 6411,

It has been noted that probiotics reduce intestinal pH
with the organic acids they secrete, stimulate the hydrogen
peroxide and lactoperoxidase thiocyanate system, which
have a bactericidal effect, thus preventing the increasing
of E. coli that cannot grow in a neutral and acidic
environment % It has been reported that the use of
probiotics prevents pathogen colonization in the digestive
tract ®' or significantly reduces the prevalence of diarrhea
in young calves 2.

Despite the lack of statistically significant differences
between the groups regarding disease rates in the groups
given EM, a slight decrease in diarrhea cases and tendency
of improvements in the general health status of animals
were observed in the groups receiving EM. In addition to
this, it can be said that the use of EM reduces the treatment
costs from $4.4 (control group) to $2.7 (EM10) and
$1.8 (EM15). It is thought that this will also positively
affect the future performances of the calves.

In some studies, similar to the current study, it has been
reported that probiotics have a positive effect on intestinal
health and at the same time reduce the severity, duration,
and adverse effects of digestive system diseases such as
diarrhea, which is a significant cause of mortality [2536423-5¢],
Isik et al.” reported in their study that diarrhea was not
observed in the group given probiotics, but that it was
observed in the control group. Diler and Aydin %), in their
study, detected a decrease in the rate of diarrhea in the
treatment groups in comparison with the control group.
Signorini et al.** also reported a significant reduction in
gastrointestinal diseases with probiotic supplementation.
On the other hand, studies report that probiotics are not
effective on the disease rate in calves /1.

It is believed that supporting the growth of calves in this
first period of their lives will significantly affect their
fertility and fertility performance in the future. Thus, this
improvement in the performance provided by probiotics
will contribute to improving the production and economic
indexes of the farms -1,

During the liquid feeding period of calves after birth, rumen
fermentation is stimulated by providing concentrated feed
(calf starter feed) with high starch and protein digestibility.
It is aimed to provide rumen fermentation (feed digestion
and microorganism flora) as in adult ruminants 7). The
effectiveness of rumen fluid VFA concentration in the pre-
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weaning period on rumen development varies according
to the diet consumed %, It is stated that the use of lactic
acid producing Streptococcus bovis and Lactobacillus
together with lactate-using Probionibacterium acnes or
Aspergillus oryzae increases rumen papillae development
and VFA production .

In this study, percentages of acetate, propionate, butyrate,
iso-butyrate, iso-valerate, and valerate in VFA and molarity
of VFA of rumen fluid level in calves fed with milk + dry
feed before weaning was like the findings of previous
studies .. In the present study, the fact that the addition
of probiotics to milk in pre-weaned calf does not change
the individual volatile fatty acids percentages in VFA
during the milk feeding period may be due to the content
of the consumed feed probiotic dose or environmental
factors. Unlike the current study, in the study conducted
by Windschitl %, it was determined that probiotics
increased the rate of VFA in the rumen. The present study
determined that the molarity of VFA in the rumen fluid
of calves consuming probiotics increased numerically.
This result shows that probiotic supplementation may
positively affect feed fermentation in the rumen. Adding
probiotics to the milk of calves during the milk-drinking
period (numerically; 28.5+4.4 vs. 49.7+9.3 and 36.1+7.7)
positively impacts the molarity of volatile fatty acids in
the rumen fluid taken at the time of weaning; commercial
probiotics additive shows that the bacteria in its content
will have the potential to increase rumen fermentation.

In conclusion, the results of this study have revealed
that although the use of additional probiotics in the
pre-weaning period does not affect some performance
parameters (LW, LWG, FC, WH, RH, BL, BD, CC, RW) in
calf feeding, it can be suggested that it has a potential to
positively affect the molarity of volatile fatty acids in the
calf rumen and in 0-30 days it has significantly improved
FCR. Additionally, EM slightly decrease the disease rates
and treatment costs.
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If the reference is a book, it should follow surnames and initial letters of the authors, title of the book, edition
number, page numbers, name and location of publisher and year of publication. If a chapter in a book with an
editor and several authors is used, names of chapter authors, name of chapter, editors, name of the book, edition
number, page numbers, name and location of publisher and year of publication and the formatting should be
performed as shown in the example below.

Example: Mcllwraith CW: Disease of joints, tendons, ligaments, and related structures. In, Stashak TS (Ed):
Adam’s Lameness in Horses. 4™ ed., 339-447, Lea and Febiger, Philadelphia, 1988.

DOI number should be added to the end of the reference.

In the references can be reached online only, the web address and connection date should be added at the end
of the reference information. The generally accepted scientific writing instructions must comply with the other
references. Abbreviations, such as “et al” and “and friends” should not be used in the list of the references.

Follow the link below for EndNote Style of Kafkas Universitesi Veteriner Fakultesi Dergisi;
https://researchsoftware.com/downloads/journal-faculty-veterinary-medicine-kafkas-university

8- Latin expression such as species names of bacteria, virus, parasite, and fungus and anatomical terms should be
written in italic character, keeping their original forms.

9- The editorial board has the right to perform necessary modifications and a reduction in the manuscript
submitted for publication and to express recommendations to the authors. The manuscripts sent to authors for
correction should be returned to the editorial office within a month. After pre-evaluation and agreement of the
submitted manuscripts by the editorial board, the article can only be published after the approval of the field
editor and referee/s specialized in the particular field.

10- All responsibilities from published articles merely belong to the authors. According to the ethical policy of our
journal, plagiarism/self-plagiarism will not be tolerated. All manuscripts received are checking by plagiarism
checker software, which compares the content of the manuscript with a broad database of academic publications.

11- No fee is charged at any stage in Kafkas Universitesi Veteriner Fakiiltesi Dergisi (No APC/APF).




SUBMISSION CHECKLIST
Please use below list to carry out a final check of your submission before you send it to the journal for review.
Ensure that the following items are present in your submission:
- Cover letter

« Importance and acceptability of the submitted work for the journal have been discussed (Please avoid repeat-
ing information that is already present in the abstract and introduction).

« Other information has been added that should be known by the editorial board (e.g.; the manuscript or any
part of it has not been published previously or is not under consideration for publication elsewhere.

- Title page

« Title, running title (should be a brief version of the title of your paper, no exceed 50 characters)
« The author’s name, institutional affiliation, Open Researcher and Contributor ID (ORCID)
« Congress-symposium, project, thesis etc. information of the manuscript (if any)
« Corresponding author’s address, phone, fax, and e-mail information

- Manuscript

» Title, abstract, keywords and main text

o All figures (include relevant captions)

« All tables (including titles, description, footnotes)

« Ensure all figure and table citations in the text match the files provided

« Indicate clearly if color should be used for any figures in print

- Availability of Data and Materials

- Acknowledgements

- Funding Support

- Competing Interests

- Authors’ Contributions

Further considerations

« Journal policies detailed in this guide have been reviewed

« The manuscript has been “spell checked” and “grammar checked”

« Relevant declarations of interest have been made

« Statement of Author Contributions added to the text

o Acknowledgment and conflicts of interest statement provided




	00
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	7. Scharf B, Carroll JA, Riley DG, Chase Jr CC, Coleman SW, KeislerDH, Weaber RL, Spiers DE: Evaluation of physiological and blood serumdifferences in heat-tolerant (Romosinuano) and heat-susceptible (Angus)Bos taurus cattle during controlled heat challenge. J Anim Sci, 88 (7): 2321-2336, 2010. DOI: 10.2527/jas.2009-2551

	13
	1. Atay O, Gökdal Ö, Eren V: Reproductive characteristics and kid marketingweights of hair goat flocks in rural conditions in Turkey. Cuba J Agric Sci, 44 (4):353-358, 2010.
	40. Gonzalez-Martinez A, Herrera M, Luque M, Rodero E: Influence of farmingsystem and production purpose on the morphostructure of Spanish goat breeds.Span J Agric Res, 12 (1): 117-124, 2014. DOI: 10.5424/sjar/2014121-4673

	14
	15
	16



