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Research Article

The effect of potassium sorbate on the survival of Brucella melitensis during ripening
of Tulum cheese

Ahmet Hulusi Dincoglu', Bahti Patit?

'Department of Nutrition and Dietetics, Faculty of Health Sciences, Burdur Mehmet Akif Ersoy University, Burdur, Tirkiye
“Department of Food Hygiene and Technology, Faculty of Veterinary Medicine, Bingél University, Bing6l, Tiirkiye

ABSTRACT

The objective of this study was to evaluate the antimicrobial effect of potassium sorbate on the
viability of Brucella melitensis in Tulum cheese, as well as the resulting microbiological and physicoc-
hemical changes during ripening. Five groups were formed, with group A serving as the control and
group B inoculated with B. melitensis. Groups C, D, and E were also inoculated with B. melitensis and
treated with potassium sorbate at concentrations of 0.05%, 0.10%, and 0.20%, respectively. During

Key Words:
Brucella melitensis
chemical quality
microbiologica? quality
potassium sorbate
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E;Cf‘i?si‘e’gd‘ | 1135 %Et?lféé%%% the ripening process, the total number of mesophilic aerobic bacteria, fecal streptococci, staphylo-
Accepted  : 21 October 2024 cocci-micrococci, coliforms, and yeasts and molds in the samples varied depending on the amount
Published  : 31 December2024 and presence of sorbate. The presence of potassium sorbate affected B. melitensis at different rates

Atticle Code 1611142 during ripening. The level of B. melitensis was found to be higher in group B compated to groups

C, D, and E. There were no significant differences in the acidity of the treatment groups. During
ripening, the pH values of the samples with sorbate were lower than those without sorbate. No
significant differences in salt amounts and moisture levels were observed between the groups with
sorbate and those without sorbate. The addition of definite concentrations of potassium sorbate
to the formulation of Tulum cheese revealed a shortened lifespan of B. melitensis and a significant
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reduction in the number of other harmful microorganisms. This suggests that the use of sorbate in
Tulum cheese manufacturing has the potential to improve microbial safety in this type of product.

INTRODUCTION

Brucellosis is a zoonotic disease that was clinically defined
by Morston in 1859 and has been known since ancient times.
It remains the most common zoonotic disease worldwide,
with over 500,000 new cases reported annually, despite its low
mortality rate. Brucellosis is associated with significant perma-
nent disability and is a major cause of travel-related morbidity
(Pappas et al., 2006). Brucella has been reported as a possible
type B biological weapon (Shakir, 2020).

Eleven species of the Brucella genus have been identified to
date. However, only B. abortus, B. melitensis, B. suis, and B. canis
affect humans (Seleem et al., 2010; Shakir, 2020). Brucello-
sis remains a neglected disease in many developing countries.
Based on data published between 1983 and 2019, it has been
reported that the prevalence of brucellosis is high in Kosovo,
Kuwait, Qatar, Venezuela, Syria, and Iraq (Franc et al., 2018).
In endemic areas, humans can contract brucellosis by coming
into contact with infected animals or consuming dairy prod-
ucts, particularly unpasteurized cheeses made from ewe and
goat milk (Seleem et al., 2010). Brucella melitensis infections are
more common in the general population than other Brucella
species, while B. abortus and B. suis infections typically affect
occupational groups. In some countries, including Italy, 99%

To cite this article:

of human brucellosis was caused by B. melitensis (De Massis et
al., 2005).

According to the report, B. melitensis (29.48%) is the most
prevalent Brucella species found in dairy products. This is at-
tributed to the unregulated raising and transportation of nu-
merous ewe and goat herds, as well as the production of milk
and dairy products without processing in small-scale goat and
ewe farms (Capparelli et al., 2009). Research results show that
in regions where the disease is endemic, raw milk has a higher
level of Bracella contamination (16.97%) compared to cheese
(7.1%). This is due to the role of fermenting bacteria in reduc-
ing the growth of Brucella species in cheese, as well as ambient
pH and nutrient competition (De Massis et al., 2005; Dadar et
al., 2020).

Tulum cheese is a traditional cheese made from raw ewe
milk in Turkey. It can also be made from goat’s milk, a com-
bination of ewe and goat’s milk, or cow’s milk. The cheese
has a granular or open texture, is semi-hard, and is white or
cream-colored with a sharp aroma (Tekin and Giler, 2019).
Microorganisms, particularly yeasts present in the milk and
ripening medium, play a crucial role in the ripening process
of cheese. Tulum cheese is produced locally from raw milk
without the use of a starter culture, which means that its mi-

Dincoglu AH, Patr B. The effect of potassium sorbate on the survival of Brucella melitensis during ripening of Tulum cheese. Medit Vet J. 2024; 9(3): 337-344.
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crobial content is solely derived from the natural microbiota
of raw milk (Tomar et al., 2020). This poses a potential public
health risk to individuals who consume Tulum cheese made
from raw milk. Studies have reported different levels of bac-
terial isolation in commercially available Tulum cheeses when
testing for the presence of Brucella species (Patir and Dingog-
lu, 2001). According to Oztiirk and Nazli’s (1996) report, the
number of bacteria in Tulum cheese produced with cow and
ewe milk inoculated with B. melitensis was 1.5x10° and 2.0x10°
cfu/g at the beginning of ripening. However, on the 20" day
of ripening, the number of bacteria decreased significantly to
1x10% and 2.8x10* cfu/g, and bactetia could not be isolated in
the subsequent days.

As a result of studies examining the effects of many anti-
bacterial components against Brucella spp., both in vivo and in
vitro, have obtained results at different levels (ljaz et al., 2021).
Many antimicrobial additives ate used alone or in combination
in foods, including sorbic acid and its salts as a preservative.
Potassium sorbate is an antimicrobial compound widely used
in the food industry since the mid-1950s. It is a salt of sorbic
acid and has many advantages over other preservatives. Potas-
sium sorbate is considered a substance ‘generally recognized as
safe’ (GRAS) and its usage should not exceed 0.2%. (Alzate et
al,, 2017; Palou et al., 2016). As per the United States Code of
Federal Regulations, specifically Title 21 and Section 182.3640,
potassium sorbate is a recommended general-purpose preset-
vative when used by good manufacturing practices (Lungu and
Johnson, 2005). Sorbic acid and its salts are primarily used in
the milk and dairy industry and are commonly employed in
cheese production. Although antifungal effects are primari-
ly used in dairy products, research has also been conducted
on their inhibitory effects against pathogens in various foods

(Mohammadzadeh-Aghdash et al., 2018).

This study investigates the survival of B. melitensis and the
microbiological and physicochemical changes in Tulum chees-
es produced from raw ewe milk by adding B. melitensis and po-
tassium sorbate at different concentrations during the ripening
process.

MATERIALS and METHODS
Milk samples

Tulum cheese was produced using commercially obtained
ewe milk samples. The milk was collected in the early morning
and transported to the laboratory under cold chain conditions.
Two hundred milliliters of the milk were analyzed for micro-
biological and physicochemical properties as well as antibiotic
residues and kept at 4°C.

B. melitensis strain used in inoculation

The study utilized the B. melitensis biotype 3 strain, which
was previously isolated and identified by Patir and Dingoglu
(2001) from Tulum cheese sold in Elaz1g. Before inoculation,
the strain was incubated in Mueller-Hinton Broth (MHB, Mer-
ck) at 37°C for 22 hours. The final inoculum contained 10°
CFU/ml of bacteria.

338

Preparation of experimental Tnlum cheese samples

Raw ewe milk, free of antibiotics and inhibitory substances,
was divided into five groups (A-E) as shown in Table 1. Group
A served as the control, while the other groups (B-E) were in-
oculated with fresh B. melitensis strain. The milk was heated to
32°C and rennet at the strength of 1/6000 was added to coag-
ulate the milk within approximately 90 min. The coagulum was
cut into pieces 4 cm X 4 cm X 4 cm cubes and the curd pieces
were transferred into cotton bags for whey drainage and then
pressed for 24 hours using metal weights (first press). After the
first press, the curd was broken into pea-size pieces by hand
and potassium sorbate at the concentrations indicated in Table
1 and 2% (w/w) salt was added, mixed, and transferred into
the bags for the second press (24 h). At the end of the peri-
od, the steps of the previous press were repeated for the final
press, except for the addition of potassium sorbate. Following
the third press, the curds were broken into small pieces and air-
dried for 24 hours at ambient temperature. Subsequently, the
plastic containers were tightly filled with curd using a wooden
stick, and the packaged samples were ripened at 4 + 1°C for
90 days (Tekinsen et al.,, 2002). The study was conducted in
four replicates.

Table 1. Presence of B. melitensis and potassium sorbate
concentrations in Tulum cheese samples.

Groups B. melitensis Potassium sorbate (%)
A . .

B + -

C + 0.05

D + 0.10

E + 0.20

Microbiological analyses

Isolation and identification of Brucella spp. from Tnlum cheese sam-
Pples

Each cheese sample (10 g) was homogenized with a Stom-
acher in 90 ml of Brucella broth (Himedia, M348). Then, a 0.1
ml aliquot of each homogenate was inoculated in duplicate
using the spread plating technique onto the Brucella Medium
Base (Oxoid CM169) with 5% inactivated horse serum (Oxoid
SR35), 10 g/1 glucose (Metck 1.08346.1000), and 1 vial/500 ml
of Brucella selective supplement (Oxoid SR83). The first set
of plates was incubated aerobically, while the second set was
incubated in 10% CO? for 5 days at 37°C. Petri dishes without
colony formation were incubated until the 10" day (Alton et

al., 1988).

Identification of Brucella species was performed togeth-
er with colonial morphology, Gram staining properties, and
biochemical tests including H.S formation, urease, and cata-
lase activities, CO, requirement, growth in thionine and basic
fuchsine, and serological screening, and Brucella phage test.

Detection of other microorganism groups

Samples of 10 g were taken aseptically from the Tulum
cheese. A sterilized ringer solution with a dilution of 1:9 (w/v)

Medit Vet J, 9(3): 337-344, 2024



was added, and the samples were homogenized for 3 minutes
in a stomacher. Bacterial counts were determined by plating
serial decimal dilutions.

Plate count agar (PCA-Oxoid CM0325B) was used to deter-
mine total mesophilic acrobic microorganisms after incubation
at30£1°C for 72 h (ISO, 2003). The detection of coliform bac-
teria was performed using Violet Red Bile Agar (VRBA-Oxoid
CM0968) and incubated for 24 hours at 30+1°C (ISO, 2000).
Fecal streptococci were grown on Barnes’ Thallous Acetate
Tetrazolium Glucose Agar (TITA) and incubated for 48 hours
at 4521°C (Barnes, 1959). Staphylococcns-Micrococens wete enu-
merated by plating on Mannitol Salt Agar (MSA-Difco) at
37°C for 48 hours (ISO, 2015). Yeast and molds were quan-
tified on Potato Dextrose Agar (PDA) using the surface plate
method. The samples were incubated at 22+1°C for 5-7 days,
following ISO (2008) guidelines. All determinations were per-
formed in duplicate and expressed as log,  cfu/g.

Phystcochenical analyses
Analysis of milk samples

The milk samples’ pH was measured using a digital pH me-
ter (EDT, GP353). The titratable acidity was determined by
the titration method and the results were expressed as % lactic
acid. The fat content in the samples was determined by the
Gerber method (AOAC, 1984). In the determination of an-
tibiotic residues in milk, 50 ml of milk was pasteurized and
cooled to 42°C. At this temperature, 3% of the yogurt culture
was added to the milk and incubated for one hour. The acidity
level was measured every 15 minutes, and changes in acidity

were monitored. Decisions were made based on the recorded
values (APHA, 2004).

Analysis of cheese samples

The samples were analyzed for pH, acidity, and dry matter
content following AOAC (2019) guidelines. The salt content
of the cheese was determined using the Mohr method (ISO,
2007).

Statistical Analysis

All analyses were conducted in quadruplicate. The effect of
potassium sorbate and time on the microbiological and phys-
icochemical profile of the Tulum cheeses during ripening was
determined using analysis of variance (ANOVA), followed by
the Tukey test. The results were expressed as meantstandard
deviation (SD). Statistical analysis was performed using SPSS
version 17.0 (SPSS Inc., Chicago, IL, USA). Significant differ-
ences were compared using the Mann-Whitney U test at a sig-
nificance level of P<(0.05.

RESULTS

Microbiological and chemical properties of raw milk used in making
cheese samples

Total mesophilic aerobic bacteria, fecal streptococci, Saph-
ylococens-Micrococens, coliforms, and yeast and mold counts of
raw milk used in production were determined as 8.33, 5.97,
5.57, 7.08, and 7.75 log cfu/ml, respectively. Brucella was not

Dingoglu, Patir

detected in any of the milk samples. The acidity, pH, fat con-
tent, and dry matter content of the raw milk used in mak-
ing experimental Tulum cheese were found to be 0.20, 6.48,
7.00%, and 17.51%, respectively.

Changes in Tulum Cheese during ripening
Microbiological changes

Table 2 presents the microbiological changes that occur
during ripening. The total mesophilic aerobic bacteria count in
Tulum cheese samples was highest at the beginning of ripen-
ing and tended to decrease over time. Throughout the ripening
period, groups C, D, and E, which contained varying amounts
of potassium sorbate, had lower TMAB counts than groups A
and B, which did not contain potassium sorbate. As the con-
centration of potassium sorbate increased to the highest level
(0.20%), the TMAB counts decreased, and a statistical differ-
ence was observed between the A and B groups during the
period up to the 60* day of ripening (P<0.05).

Throughout the ripening process, fecal streptococci counts
were consistently lower in the groups that contained potassi-
um sorbate compared to those that did not. By the end of mat-
uration, groups C, D, and E showed no presence of bacteria.
The decrease in bacterial presence observed during ripening
was highly significant between the first and last days of ripen-
ing (P<0.05).

The Staphylococens-Micrococens counts were determined on the
first and last days of ripening in all groups, with the highest
and lowest counts recorded (P<0.05). The number of bacteria
decreased steadily in all samples until the end of ripening, ex-
cept for a small increase on the 15" day in group A. Through-
out the ripening process, the samples with sorbate had lower
Staphylococens-Micrococens counts compared to those without
sorbate, with counts below <10 log,  cfu/g on the 90™ day.

The count of coliforms generally decreased during ripen-
ing, with the most significant change observed in groups D
and E. Tulum cheeses with sorbate had lowet bactetia counts
during ripening compared to those without sorbate (P<0.05).
Bacteria were not isolated from groups D and E after the 45"
day, and from group C after the 60" day.

Cheeses containing sorbate exhibited lower yeast and mold
counts, as demonstrated in Table 2 (P<0.05). The number of
yeast and mold decreased during ripening in groups with sor-
bate. Similar to coliforms, and yeast and mold were not detect-
ed in the analyses after the 45" day in groups D and E and the
60™ day in group C.

Changes in the survival of Brucella melitensis

Table 3 shows the mean levels of B. melitensis detected in the
experimental Tulum cheese samples as log | cfu/g The sam-
ples in group B, which did not contain potassium sorbate, had
the highest number of B. melitensis at the beginning of ripening,
The counts of B. melitensis in this group remained constant un-
til the 15" day, after which they rapidly decreased and reached
their lowest level (P<0.05) by the 30™ day. By the 45" day of
ripening, B. melitensis could not be isolated. In contrast, the

Medit Vet J, 9(3): 337-344, 2024
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Table 2. Microbiological changes observed in Tulum cheese samples during ripening (log10 cfu/g).

Ripening period (day)

Groups

0 15 30 45 60 90
TMAB
A 7.08+0.09 6.45+0.07%" 6.40£0.09 5.94+0.07% 6.00+0.06" 5.7240.06™
B 6.67£0.08" 6.48+0.094 6.34£0.08" 6.04£0.08" 5.93+0.04"5 5.9240.05"
C 6.45£0.08“ 5.954+0.08" 5.95+0.08"" 5.56+0.07" 5.8340.094P¢P 5.5240.05%
D 6.26£0.06“ 6.26+0.07" 6.23+0.074 5.580.08" 5.7940.07% 5.51£0.07%
E 6.20+0.07" 6.11£0.09P 5.6940.95 5.26£0.06% 5.6940.04 5.5940.09%
Fecal streptococci
A 4.63£0.08* 4.34+0.07% 3.76£0.08" 3.81£0.09% 3.76£0.07% 1.2340.08"
B 4.58+0.04* 4.28+0.074 3.96£0.08" 3.88+0.05% 3.89+0.09% 1.0840.06™
C 4.2630.04" 3.76£0.09%" 3.63£0.04"" 3.30£0.06" 3.2620.06" 0
D 4.08+0.09“ 3.64+0.07"" 3.3610.08 3.42+0.09% 3.2040.05" 0
E 4.23£0.05%* 3.23+0.09< 3.304+0.08 3.20+0.07¢ 3.1840.06"" 0
Staphylococcus-Micrococcus
A 4.69£0.05% 4.81£0.05% 4.34+0.05% 4.26x0.07% 3.17£00.8" 0.850.07"
B 4.91£0.094 4.54£0.09"" 4.48+0.07% 4.23£0.08% 3.49£0.05 1.15+0.08"
C 4.32+0.08P* 3.93+0.07°" 3.71£0.04% 3.26£0.06™ 2.45£0.09% 0
D 4.84£0.0748 4.20£0.08< 3.54£0.09% 3.11£0.04% 1.360.07>¢ 0
E 4.56+0.06 4.40+0.09% 3.4040.04 3.11£0.07% 2.49+0.08 0
Coliform
A 5.23+0.04* 4.75+0.07% 4.76+0.04*" 3.23£0.08" 3.00£0.04" 0.78+0.08"
B 5.32+0.07* 4.88+0.08* 4.83£0.09*" 3.74£0.06% 3.65£0.08% 0.60£0.07"
C 4.40£0.06™* 4.08+0.09"" 3.32+0.08" 2.23£0.06“ 0.48+0.06% 0
D 5.04£0.06™ 4.15£0.06" 2.98+0.06% 1.23+0.04" 0 0
E 4.61£0.05“ 4.00£0.09%" 2.99+0.07 1.4340.08" 0 0
Yeast and molds
A 6.62+0.10* 6.8140.08* 5.7240.06* 5.8940.05"" 4.08+0.06" 3.7240.08"
B 6.32+0.07" 5.960.09"" 5.85+0.08%" 6.43+0.09* 4.53+0.074 4.3010.0944
C 4.97+0.09¢ 4.83£0.09% 3.66£0.08"" 1.4340.05% 0.70£0.07¢ 0
D 4.79£0.08“ 4.26£0.09°" 2.52+0.08 1.2340.06" 0 0
E 4.82£0.07“ 4.78+0.04“ 2.70£0.07< 1.040.09" 0 0

Values are expressed as means * standard deviation (SD)
A-F: Values with different superscripts in the same column are significantly different (P<0.05)

a-g: Values with different superscripts in the same line are significantly different (P<0.05)

samples in group C, which contained 0.05% sorbate, exhibited
a significant decrease (P<0.05) in B. melitensis counts compared
to group B on the 15" and 30™ days. The bactetia were un-
detectable in subsequent analyses. The counts of bacteria in
groups D and E, which contained 0.10% and 0.20% sorbate,
respectively, showed a statistically insignificant decrease on the
15" day (P>0.05). B. melitensis was not detected in the E group
samples on the 30" day or the D group samples on the 45®
day (P<0.05). Figure 1 shows that the bacterial counts were
similar among all groups at the beginning of ripening and sig-
nificantly decreased in the following days. After the 15th day
of ripening, all groups containing potassium sorbate showed a

statistically significant decrease compared to group B without
sorbate (P<0.05).

Physicochemical changes

Table 4 presents the physicochemical changes that occur
in Tulum cheeses during ripening. Throughout the ripening
process, acidity levels increased in all groups, reaching their
peak on the 90" day. Groups A and B, which had the lowest
acidity values at the beginning of storage, maintained the same
characteristics until the end. The highest acidity value was ob-
served in group E, with 1.52% on the first day, while groups C
and D reached 1.83% on the 90™ day. There were no statisti-
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Table 3. B. melitensis counts during tipening of Tulum cheese samples (log10 cfu/g)

Ripening period (day)

Groups 0 15 30

B 3.76+0.15 3.7540.05" 1.58+0.06*°
C 3.5440.54"B 3.5740.06™ 0.7040.04"
D 2.62+0.105 2.58+0.06“ 0.3020.07<
E 2.6140.08" 2.5940.05% 0.00£0.01"®

Values atre expressed as means =+ standard deviation (SD)

A-F: Values with different superscripts in the same column are significantly different (P<0.05)

a-g: Values with different superscripts in the same line are significantly different (P<0.05)

Table 4. Physicochemical changes observed in Tulum cheese samples during ripening.

Ripening period (day)

Groups

0 15 30 45 60 90
Acidity (Yela)
A 1.47£0.09% 1.5240.06"P 1.61£0.074 1.68£0.074 1.73+0.06* 1.77£0.01%
B 1.414£0.08" 1.4840.085 1.5520.08"><d 1.6240.05%"< 1.73£0.09% 1.75£0.01*
C 1.4240.04% 1.58+0.06%" 1.57+0.08" 1.62+0.06"" 1.80+0.05 1.83+0.01*
D 1.47£0.08" 1.650.04"" 1.65+0.08" 1.65+0.07* 1.72+0.06*° 1.83£0.01
E 1.52+0.08"" 1.57+0.08"8" 1.61£0.06" 1.61£0.08" 1.80£0.08" 1.80£0.01
pH
A 4.9410.06* 4.89£0.05 4.62+0.05* 4.4710.06* 4.58+0.07* 4.54£0.07*
B 4.64£0.09" 4.6420.09% 4.55£0.064 4.47£0.06%> 4.42+0.054%¢ 4.43£0.08%
C 4.76£0.0848 4.62£0.075® 4.55£0.0440 4.44£0.05"0< 4.35£0.09% 4.38+0.08"
D 4.6620.06" 4.50£0.078¢ 4.52+0.08%4 4.38+0.040 4.33£0.06 4.37£0.07
E 4.6310.06™ 4.60£0.095 4.54£0.044>¢ 4.43£0.074< 4.44£0.08"8> 4.4040.08"
Salt (%)
A 5.67£0.08 5.77£0.0454 5.90£0.07% 6.03£0.07¢ 6.25£0.09"" 6.61£0.06™
B 5.73£0.04"P¢ 5.86£0.07P¢ 6.11£0.08" 6.04£0.06 6.63£0.09* 6.64£0.07"
C 5.88+0.08" 5.96£0.08" 6.26£0.04* 6.27£0.08"P 6.2910.08" 6.44£0.07<
D 5.67+0.06" 5.8240.08"F 6.17£0.06* 6.37£0.06* 6.77£0.05 6.93£0.04
E 5.61£0.06" 5.70£0.09" 6.12+0.08" 6.12£0.07% 6.30£0.06" 6.44£0.04
Moisture (%)
A 32.66£0.08" 32.54£0.04" 31.154£0.09 29.56£0.07"¢ 29.0240.08" 28.7520.08%
B 33.3940.08“ 33.16£0.07" 32.07£0.06"¢ 31.33£0.10% 30.65£0.08" 30.30£0.06""
C 34.56£0.04% 32.85£0.07 32.19£0.08¢ 30.88+0.08“ 30.41£0.06% 30.23+0.08"
D 31.20£0.04" 30.55£0.08" 28.91£0.07"¢ 28.09+0.08" 27.04£0.07" 26.8240.08"*
E 36.61£0.09* 35.2440.08" 33.86+0.04" 32.64£0.08" 32.2840.05" 32.26£0.09*

Values are expressed as means * standard deviation (SD)

A-F: Values with different superscripts in the same column are significantly different (P<0.05)
a-g: Values with different superscripts in the same line are significantly different (P<0.05)

cally significant differences between the groups, except for the
values of groups B and D on the 15" day of ripening (P<0.05).

The pH values of Tulum cheese samples were highest at
the beginning of ripening and lowest at the 60" day in groups
B, C, and D, and at the 90" day in group E. After a decrease
in all groups until the 45™ day of ripening, these values gen-

erally continued to decrease, except for an increase in group
A. However, no major changes occurred. The pH values in
groups A and B without potassium sorbate were higher on the
first day of ripening than in groups with sorbate. The ripening
process showed statistically significant differences between the
first and last-day values in all groups (P<0.05). The addition
of sorbate resulted in no differences between the groups on
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any day of maturation (P>0.05). Differences were observed
between groups A and B, D and E on day 0, between group
A and all other groups on day 15, and between group A and
groups C, D, and E on day 60 (P<0.05), depending on whether
the samples contained sorbate.

In all groups, the lowest and highest salt values were de-
termined on the 0™ and 90" days of ripening, respectively
(P<0.05). Table 4 shows that the salt values detected in the
cheese samples varied between the groups with and without
sorbate on different days, but the addition of sorbate did not
result in a significant difference overall. At the end of the rip-
ening process, group C had the highest initial salt content and
group E had the lowest, but their values had reversed, with
group D having the highest salt content.

Regarding moisture content, all groups decreased almost
in parallel during ripening. The highest and lowest moisture
contents were recorded on the first and last days of ripen-
ing, respectively (P<0.05). Group E samples showed the high-
est values during ripening (P<0.05), while group D samples
showed the lowest values (P<0.05). Moisture values decreased
continuously during ripening in all groups.

DISCUSSION

In this study, the survival of Brucella melitensis and the micro-
biological and physicochemical changes in the product during
ripening of Tulum cheese produced by adding different con-
centrations of potassium sorbate to raw ewe’s milk and inoc-
ulating Brucella melitensis were investigated. TMAB levels were
compared to those of Tulum cheese without sorbate, as deter-
mined in previous studies (Morul ve Tsleyici, 2012; Oztiirk and
Nazli, 1996). The addition of sorbate to cheese leads to a de-
crease in TMAB counts. A study conducted on vacuum-pack-
aged Tulum cheeses, where sorbate was added at the same
concentrations as in our study, showed higher TMAB counts
throughout storage. However, an increase in sorbate concen-
tration resulted in a decrease in bacterial counts, as observed
in our study (Demir et al., 2017). The lower TMAB counts
observed in the sorbate-added groups in this study can be at-
tributed to the stronger antibacterial effect of sorbates, which
is due to their high acidity and low moisture content (Liewen
and Marth, 1985). Similar results were reported by Dogruer
et al. (1996) regarding fecal streptococci numbers in cheese
groups with sorbate. While some researchers have found con-
sistent reduction and inhibition of fecal streptococci during
ripening (Patir et al., 2001; Yerlikaya and Akbulut, 2019), others
have reported irregular patterns (Boyd, 1995). In this study, the
decrease and inhibition of fecal streptococci in cheeses with
sorbate is attributed to the antibacterial effect of potassium
sorbate and starter cultures. Studies on cheese types containing
sorbate have shown that potassium sorbate has an antibacterial
effect on Staphylococcus-Micrococcns (Dogruer et al., 1996; Demir
etal., 2017). The counts of Staphylococcus-Micrococens detected in
both sorbate and non-sorbate groups remained at lower levels
than those in the other study (Patir et al., 2000). The variation
in outcomes could be because the experimental production
in the present study was carried out under rigorous hygienic
conditions to prevent contamination of raw milk and products
with environmental bacteria. Furthermore, the increased acid-
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ity level in the product may have played a role in the observed
difference. Similar to the present study, previous research has
shown that coliform group bacteria decrease at higher rates in
sorbate-containing cheeses compared to the control group and
are inhibited at various storage periods (Dogruer et al., 1996;
Demir et al., 2017). Additionally, potassium sorbate has been
found to have the highest inhibitory effect on yeast and molds
among microorganism groups (Liewen and Marth, 1985). Our
study confirms this finding, which is consistent with previous
research (Demir et al., 2017; Khorshidian et al., 2021).

Studies have been conducted on the effects of sorbates on
food pathogens in cheeses. For example, Benitez-Azaola et al.
(2017) reported that the combination of plant extracts and
potassium sorbate can inhibit the growth of L. monocytogenes
in Panela cheese. Pérez et al. (2011) found that the growth
of Shiga toxin-producing Escherichia coli can be inhibited in
edible film-coated cheeses with potassium sorbate. Similarly,
Demir et al. (2017) also reported a similar effect. One study
examined the survival of Brucella species in cheeses without
antimicrobial substances. The study found that the amount of
B. melitensis decreased from 9-log at the beginning of ripening
to below detectable levels by the 30" day (Oztiirk and Nazly,
1996). Cosseddu and Pisanu (1985) reported that they could
not isolate the bacteria after the 45" and 50" days of ripening
in goat milk cheese inoculated with B. melitensis. The physi-
cochemical structure of the product may vary depending on
the quality of the milk used in cheese making, the type and
inoculation level of Brucella, the ripening process, and produc-
tion technologies. These factors are the main reasons for the
observed differences.

CONCLUSION

The microbiological properties of Tulum cheese are affect-
ed by several factors, such as the quality of raw milk, produc-
tion conditions and technology, employee hygiene, and storage
conditions. Despite the addition of salt, antimicrobial metabo-
lites, low pH, and moisture levels, the product remains vulner-
able to foodborne pathogens that can pose a significant risk to
consumers, even after the ripening period. The use of food ad-
ditives that combat foodborne pathogens posing a risk to pub-
lic health can yield positive results. Sorbic acid and its salts are
commonly used preservatives in the food industry, particularly
for their antifungal properties, and are frequently employed in
cheese production. The objective of this study was to examine
the effect of potassium sorbate on the survival of B. melitensis
in Tulum cheeses, as well as to determine the microbiological
and physicochemical changes that occur during ripening. The
results suggest that the use of potassium sorbate, particularly
at a concentration of 0.20%, had an antibacterial effect on B.
melitensis and enhanced the microbiological quality of Tulum
cheese. Additionally, it did not have any negative impact on the
physicochemical properties of the product. The study found
that the use of potassium sorbate in Tulum cheese production
is recommended for both product quality and public health.
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INTRODUCTION the Chalcolithic period (Veli, 2003). During the Bronze Age,

The dictionary definition of belief is given as “the act of
believing, the thing that is believed” (TDK, 2023). “Veterinary
medicine folklore” refers to the distinctive practices, customs,
and diverse beliefs that are specific to the veterinary medical
profession (Salman, 1948; Dinger, 1967; Dincer, 1980; Dogan-
ay, 1982; Boratav, 1994; Yiksel, 2021). Because of their no-
madic culture, Turks have had close bonds with animals since
the beginning of history, and they have always lived a life inter-
mingled with animals due to their geography (Yesildal, 2007).
Over time, this background has led the Turkish people to de-
velop a spiritual bond with animals, and they have incorporat-
ed into their everyday lives and folklore a variety of beliefs that
have arisen from these close bonds (Yesildal, 2007; Mollaibra-
himoglu, 2008). Animal-related beliefs and behaviors, which
hold a significant place in folk beliefs, have also been stud-
ied within the scope of folklore research in veterinary medi-
cine. Studies on folk beliefs in veterinary medicine have been
authored in various regions of Tiirkiye (Ornek, 1966; Dogan-
ay, 1982; Mollaibrahimoglu, 2008; Ozen and Yiiksel, 2014;
Kigctikaslan and Ucar, 2016; Sinmez and Aslim, 2017; Yiksel
and Ozen, 2021). Nevertheless, the results of the literature re-
view revealed that no relevant study had been conducted in the
Balikesir region.

Balikesir’s favorable soil, climate, and location on the coast
of the Marmara and Aegean seas have made it the home of
numerous civilizations throughout history. Research revealed
that the Balikesir region was the site of the prehistoric settle-
ment of Balkan immigrants, particularly towards the end of
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life in this area was influenced by the Trojan civilization (Sev-
g, 1994). Balikesir, carlier referred to as Mysia and Karesi,
has been ruled by the Roman, Byzantine, Anatolian Seljuk,
Karasid Dynasty, and Ottoman Empires (Kahyaoglu, 2021).
The purpose of the study was to determine the folk beliefs
that the people in the Balikesir region had about the animals,
to assess these beliefs by tracing their origins, and to make a
contribution to the field of folk science research.

MATERIALS and METHODS

The primary data sources for the study were in written and
spoken form, collected from residents in the Balikesir area.
For written data, a “data collection form” with six questions total
about knowledge and beliefs about animals from the Balikesir
region was prepared, in addition to questions about demo-
graphic data like “name-surname, year of birth, profession, name of
the district, and village.” The oral data were recorded once the
source individuals gave consent to it. The methodology of
“informant interviews” has been employed as one of the quali-
tative research methods in the social sciences. In the selection
of informants, factors like having been born in Balikesir and its
districts or having resided in the area were taken into consider-
ation. At the end of the study, the sociodemographic details of
the informants who either have beliefs or attest to their pres-
ence are provided. The data collected through face-to-face in-
terviews with 50 informants in January and February 2023 was
processed and analyzed individually using the content analysis
method. In a qualitative sense, content analysis uncovers the
cultural structure of the area under consideration as opposed
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to making generalizations The ethics committee’s permission The results of the study were categorized under several
was obtained to conduct the study. The list of informants is  headings, namely, “Beliefs regarding good luck and abundance”, “Be-
provided at the end of the article. liefs regarding jinx,” “Beliefs regarding the evil eye,” “Religious beliefs,”

“Beliefs regarding illness and treatment,” and “Other beliefs.”

RESULTS
Table 1. Beliefs regarding good luck and abundance.
Catevor Resource Catecor Resource
gory Persons gory Persons

The stork brings blessings, The cat is auspicious, it increases ener-

and good luck (KK.1, KK.19, KK.38) ay and fertility (KK.20)
lllzéls(;)eheved that storks are (KK.27) It is auspicious to feed bees (KK.40)
The squirrel i i (KK.2, KK.3, KK.5, KK.16,
¢ SQUITTELIS AUSPICIOUS  1rpe 18, KK.19, KK.29, KIC31,  Bees are fertile (KK.36)
and fertile
KK.45)
(KK.2, KK.3, KK.15, KK.14, (KK.20
The ant brings abundance ~ KK.21, KK.24, KK.25, KK.23, The lamb and the sheep are like angels KK 3 6 >
KK.27, KK.31, KK.34) -36)
It will be fortunate if the The hummingbird hawk-moth brings  (KK.37,
ant gets into the home (KK.39, KK.50) good luck KK.47)
The lamb is a blessing KKA4, KK.13, KK.22, KK.29) The goat is an auspicious animal (KK.40)
(KK.32, KK.33, KK.39, KK.40, When a sh mes in. it makes th
The sheep is a blessing KK.41, KK.42, KK.43, KK.48, €0 A SHECp ComEs 10, ILMAKES e grpe 41)
household wealthy
KK.50)
The lamb is an auspicious,  (KK.9, KK.17, KK.20, KK.30,
fertile, blessed, and lucky KK.32, KK.33, KK.40, KK.41, The weasel is a lucky animal (KK.406)

animal KK.42, KK.43, KK.48)

On summer evenings, a swift ap-
(KK.0) proaching the house’s chimney indi- (KK .40)
cates good fortune

The lamb and the goat are
blessed animals

The swallow is an auspi- (KK.5, KK.9, KK.10, KK.12, . . .

cious and fertile animal KK.13, KK.19, KK.38) The pigeon is a lucky animal (KK.46)
You will find success if the =y g4y The cow is fertile (KK.48)
snake runs away before you

The ladybug brings good g1 15 i 24 KK.25, KK.35)  The horseshoe represents luck (KK.48)

luck, it is a lucky animal

Feeding a dog or cat at home is ben-

The ladybug is a blessing KK.22) cficial (KK.48)
The ladybug brings good (KK.47) Whep the ant comes inside the home, (KK.49)
news blessings will follow

The elephanF brings abun- (KK.31) The birth of a pied sheep is auspi- (KK.49)
dance, serenity, and luck cious

The camel is a blessed (KK.19)

animal
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Table 2. Beliefs regarding jinx.
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Catesor Resource Catecor Resource

gty Persons gory Persons
A dog’s howl is not lucky; rath- (KK.1, KK.14, KK.20, The crow brines bad luck (KK4, KK.7, KK.10,
er, it’s an unlucky sign KK.28, KK.48) © crow brings bad fuc KK.44, KK.49)
A dog’s howl indicates that o 3 gy 45 ki 35) The crow is a disliked animal ~ (KI.15)
someone is about to pass away
Feeding a dog at home is bad . .
and regarded as filthy (KK.37) Crowing brings bad luck (KK.37)
Kl}hng weasels is not a good (KK.16, KK.17) The raven symbolizes evil (KK.15)
thing omens
Getting into trouble with (KK.5, KK.9, KK.11,
a weasel brings bad luck; it KK.12, KK.13, KK.19, The raven is ominous (KK.7, KK.44)
is unlucky KK.20)
Dove flesh is regarded as (KK.13) The pig is ominous (KK.22)
ominous
For whoever kills the spider, Secing a pig is not a good
bad fortune will follow (KK.6) thing (KK.30)
Shooting a deer brings bad (KK.7, KK.17, KK.18, .
Huck KK.21) The pig is filthy (KK.37)

. . (KK.4, KK.15, KK.24, Feeding a pig is not a good
The owlis ominous KK.28, KK.29, KK.39) thing (KiK45)
A dead body will exit a house . L
if an owl sits on its chimney (KK.9) There will be st(?ahng if there (KK.26)
. are too many mice
of it
If an owl sits on th? chimney (KK.8, KK.46, KK.48) A black cat crossing the street  (KIK.20, KK.27,
of a house, it is ominous brings misfortune KK.31)
. . . Things will not go well if a
Seeing an owl is associated . (KK.33, KK.38,
with death (KK.23, KK.25, KK.34) black cat is spotted on the KK.47)
road

Seeing an owl means that (KK.30) The cat is a filthy animal (KK.41)
things will go wrong
E&e{ owl’s crowing brings bad 1y o e 36 The rabbit is ominous (KK.38)
Seeing an owl brings death to Seeing a rabbit go by is
the household (KK.43) thought to be unlucky (KEK.41)
When an owl stares directly (KK.28, KK.32)

into one’s eyes, it’s ominous

Medit Vet J, 9(3): 345-353, 2024
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Table 3. Beliefs regarding the evil eye

Cateoor Resource Cateoor Resource
gory Persons gory Persons
A dry animal head is hung at  (KK.4, KK.14, KK.40, The “ant prayer” is hung on the (KK.31)
a cropland’s entrance KK.48, KK.49) door of houses against the evil eye '
(KK.5, KK.8, KK.15, KK.17, , . . .
Id-IoocfrsSesO}}fO}c;Z azzshung on the KK.22, KK.25, KK.32, ? eC(i)rxlxz ; él:gd 2idhung against the evil (KK.37)
“ KK.34, KK.32, KK.50) Y Y
A horseshoe and a rabbirs Animal heads are hung on the door  (KK.38,
foot are hung over the door  (KK.46) . .
at the entrance against the evil eye KK.50)
Sap is taken from trees and fed to
A ca.rn.el is good.f.or the eyll (KK.13) Fhlldren to ward off the evil eye (KK.39)
eye; it is an auspicious animal if they hear the rusty sound of a
rooster
Anyone who comes eye to The animal collar is adorned with
eye with a black cat will get  (KIK.29) bells and beads to keep off the evil  (KK.42)
the evil eye eye
An evil eye will come upon The evil Al st i th
someone who comes eye to  (KK.31) c Vi eye Wi stay avay ¢ (KK.48)
. turtle skin is dried and hung
eye with an owl
Table 4. Religious beliefs.
Cateoor Resource Cateoor Resource
gory Persons gory Persons
. . (KK.16,
Alevis eat fox meat (KK.44) The lamb is an angel KK.19)
Rabbit meat is forbidden
. (KK.1, KK.3, KK.0, KK.9, KK.10, e .
(E(;: il:xlﬁVlS, they do not KK.13, KK17, KK 18, KIK.44) Fox (catal tilki) is forbidden  (KI.40)
Dove flesh is inedible; it
s forbidden (KK.13) Owls allude to Allah (KK.40)
Rabbit cannot be eaten  (KK.44) Venison is forbidden (KK.47)
Because the prophet rubbed
Pork cannot be eaten (KK.21) the cat’s back, they refer to it (KK.49)
as prayed
Pios are forbidden: the (KK.2, KK.4, KK.5, KK.11, KK.12,
2 ooed P KK 14, KK 15, KK 16, KK.29, KK.30,  The ant s regarded as sacred - (KK.49)
are hotlove KK.32, KK.35, KK.44, KK.50)
Thelamb is ablessed gy ¢ 1) 23 K24, KK.34, KK.43)  Camel meat breaks the spell  (KK.16)

animal
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Table 5. Beliefs regarding illness and treatment.

Yerlikaya

Cateoor Resource Cateoor Resource
ategory Persons gory Persons

Alcoholics are given the foam from KK.1, KK.0, KK.11, Boiled badger flesh is beneficial

a camel’s mouth to help them quit KK.12, KK.16, KK.18,  for sheep with sulaz and foot-and- (KIK.38)
drinking KIK.36) mouth diseases

Goat’s milk is beneficial for children  (KK.4) cour black mulberryls beneficial gy 3g)
i?j; milk helps children with bron- oy o 10 46) Shark meat is good for back pain  (KK.29)
tTﬁe fat afd ﬂezcerfroég f;le f“éli’ss g (KI5 KKAT KK22,  Spiny juniper is beneficial if itis oy 3o
ar are wrapped around the bodies o KK.34, KK.43) mixed with salt and fed to animals '
children with bronchitis
T.he water that'the love.bn'd SIS 18 Patients with bronchitis are fed
given to the child who is unable to (KK.6, KK.25, KK.34) raw, mashed village chicken flesh (KK.38)
speak ’

. . Ticks and moths from horses can

pressing flesh on the skinhelps (0 gy 30 be removed with the help of olive  (KK.38)

eal painful bruises oil
The foam from the camel’s mouth is  (KK.1, KK.8, KK.9, Olive oil causes sheep and goats

beneficial for children who are unable KK.10, KK.14, KK.15, to shed their hair, feathers, and (KK.50)
to speak KK.45) internal parasites
When the galyak' is still warm, it is
wrapped around the child who has (KK.15) Animal spleen is good for anemia  (KK.20)
bronchitis

Lambskin is good for bronchitis (KK.19) glvee;’z‘;‘ﬁi‘;i ?;‘Ea of the bodyls ey 30,
Partridge meat is beneficial for chil- (KK.21) There will be suffering if the pig (KK.40)
dren ‘ gets into the garden ‘

. . . - Animal bone is beneficial against

The tail fat of animals is medicinal (KK.23) the human evil eye (K.41)
The lamb’s tail fat is tied around the (KK.28) At a push, the horse’s right foot (KK.41)
waist to relieve low back pain ’ can be eaten '
Three stones in the head of brown .

meagre are beneficial for kidney (KK.28) El(filiz blood is good for hemor- KK.42)
stones

Leeches are used medicinally (KK.31) Xzzll;ijjzleo cllleddui(i)ntghtehreei ﬁn that (KK.406)
Lamb tail fat is applied to the sore K32 When a scorpion stings, it is (KK.48,
area (KK.32) crushed and applied to the wound KI.46)

. The newborn baby is fed with the

Leech therapy is good for both hu- ey 359 milk from the animal that has just  (KK.46)
mans and animals given birth

Consuming a wolf heart would be  ye 39y Galyak is good for bronchitis (KK.48)
beneficial for epilepsy patients
When a person has bronchitis, animal

skin is adhered to the body in a moist  (KK.38) The frog is good for warts (KK.48)

condition

'A flat, glossy kind of fur obtained from a newborn or stillborn lamb or kid (goat).
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Table 6. Other beliefs.

Cateoor Resource Cateoor Resource
gory Persons gory Persons
Winter begins in a week or ten days if .
the animals from the dispersed plateau  (KK.39) i\z(/r}rllen;atii, Sho‘; t}f EZiCIlf of their heads, (KK.37)
return to the village on their own cans its going to
Dog howling is believed to be an allu-  (KIK.3, KK.21, W{nter begins in a week or ten days if the
; animals from the plateau return to the (KK.39)
sion to the call to prayer KK.42) .
village
The wolf is an animal that is feared and Seeing a slithering snake on your way to
v (KK.45) work indicates that things will go smooth- (KIK.39)
considered a monster Iy
Winter will pass well if the animals lie
The wolf is a respected animal (KK.18) scattered when they go to sleep; summer — (KK.39)
will pass smoothly if they remain together
The wolf is a symbol of power; it is If one messes up with the weasel or
. (KK.4, KK.5, N R ,
called a monster; people respect it and the marten, it will ruin even the house’s (KK.406)
. ' KK.11, KK.14)
are also afraid of it owner
The arrival of the Aegean-native
Turkmens do not eat rabbit meat (KK.7) Siltiimancik Mediterranean house gecko (KK.406)
will be accompanied by blessings
Whoever spots the stork in the sky goes (KK.2, KIKK.12,  If it flies, the hummingbird hawk-moth
. . . (KK.48)
off on a journey KK.14) will welcome guests into your home
Seeing a snake indicates that things will (KK.24) The hummingbird hawk-moth is ungrate- (KK.49)
go smoothly ful
It is not good to ruin a bird’s nest; if
one does, he will not have peace at (KK.28) The cat is ungrateful (KK.49)
home; grief will follow
If a person sees a snake on the road, his (KK.33) An animal sleeping in the shade develops (KK.50)

affairs will low like water

illness in its lungs

DISCUSSION

Upon a detailed examination of the study’s findings, it is
observed that for the belief related to animals in the Balikesir-
region, sheep, lambs, goats, cows, horses, camels, elephants,
storks, swifts, pigeons, swallows, cats, dogs, weasels, squirrels,
ladybugs, bees, ants, geckos, and snakes are associated with
good fortune and prosperity (Table 1). According to the find-
ings of the study, the Balikesir region has diverse beliefs about
animals with rich elements (Table 1, Table 2, Table 3, Table
4, Table 5, Table 6). The finding that the stork and dove are
auspicious, while the sheep and lamb are both blessed and aus-
picious, is consistent with the findings of previous research on
beliefs in Anatolian folklore about animals (Olgunsoy, 2007;
Yiksel, 2012; Kugtkaslan and Ucar, 2016; Sinmez and Aslim,
2017; Yiiksel and Ozen, 2021).

A study conducted in a different region has also identified
the belief that the pigeon brings luck and holiness because it

protected the Prophet Muhammad (Danis et al., 2021). The
findings of this study, which focuses on the Balikesir region,

regarding the belief that the pigeon is a lucky animal, can also
be attributed to the fact that it protected the Prophet.

Again, religious influences are known to play a role in why
the pigeon, which is said to bring good luck and blessings, is so
beloved in the Balikesir region (Olgunsoy, 2007). Swallows are
not killed in the Balikesir region. The swallow is believed to be
an auspicious and fertile animal (Table 1). The study suggests
that religion has a role in the Balikesir region’s reverence for
the swallow, who is believed to have saved the Prophet Mu-
hammad (Olgunsoy, 2007). The fact that “horseshoes are hung
on the doors of houses” to keep the evil eye away can be ex-
plained by the fact that this belief is prevalent across Anatolia
(Gezgin, 2007). Although the cat is regarded as an auspicious
and fertile animal, it is well known that the belief that a black
cat crossing the road brings bad luck originates from the cat’s
ungratefulness as well as religious factors (Olgunsoy, 2007).

The ancient Turks thought that the evil eye could atfect both
live and inanimate beings, so they used a horse’s head on scare-
crows or stakes in yards to protect their vineyards and gardens

Medit Vet J, 9(3): 345-353, 2



from the evil eye (Cibla, 2004). It has been discovered that the
practice of hanging dry animal heads at croplands’ entrances
in the Balikesir region as a means of protection from the evil
eye is also used in other regions (Dinger, 1967; Araz, 1991;
Arslan, 1998; Yerlikaya, 2002; Kurum, 2008; Mollaibrahimog-
lu, 2008; Sinmez, 2011; Ozen and Yiiksel, 2014; Kiiciikaslan
and Ugar, 2016; Sinmez and Aslim, 2017). The Alevi-Bektashi
tradition is primarily responsible for the manifestation of omi-
nousness associated with rabbits in the Balikesir region and our
country as a whole. The results of the research support this
theory (Selcuk, 2008; Uger, 2005; Boratav, 1984; Kiigiikaslan
and Ucar, 2010).

The view that dove flesh is considered ominous and for-
bidden is dominant in the region (Table 2). Another study in
the region determined that the dove is important to the locals.
One of the reasons for not killing the dove was that it used to
be a human, a bird beloved by Allah, and was close to humans
(Olgunsoy, 2007).

The study determined that the belief that the owl brings
bad luck and evokes death stems from religious beliefs (Table
2, Table 4). The fact that the owl is regarded as an ominous
bird associated with death has also been established in a pre-
vious doctoral dissertation study, as well as in other studies
(Yiksel, 2012; Kugtikaslan and Ugar, 2016; Sinmez and Aslim,
2017). Although the owl is generally regarded as ominous in
religious culture, studies have revealed that it is both auspi-
cious and ominous in Turkish culture (Kaman, 2015; Olgun-
soy, 2007; Kése, 2019). Furthermore, it was discovered that
the participants’ expression “Owls allude to Allah” was very
similar to the expression “They say it is ominous for an owl,
but it always says the name of Allah, so it cannot be ominous”
as mentioned in a doctoral dissertation study conducted in the
same region earlier. Despite the association between owls and
death and ominousness, the data collected in the Balikesir re-
gion indicates that owls have a positive reputation (Olgunsoy
2007). Moreover, it is possible to believe that Allah sees the
owl as having a place.

Although the study findings state that eating venison is pro-
hibited in a religious understanding, the Directorate of Reli-
gious Affairs has declared that, by Islamic law, there are provi-
sions that allow it (Din Tsleri Yiiksek Kurulu, 2024a, 2024b). Tt
could lead us to believe that this is just a local superstition with
no connection to religion.

The study suggests that in terms of illnesses and treatments,
alcoholics should be given camel’s mouth foam to help them
quit drinking (Table 5), and that children who are unable to
speak can benefit from camel’s mouth foam because camels
are said to have a protective charm against the evil eye. In a
previous survey in the Balikesir region, the informants stated
in their responses to a question regarding camels that the devil
can be disguised as anything other than a camel or sacrificial
sheep (Olgunsoy, 2007). There is a very large collection of
folklore regarding the camel, which is particularly important,
especially in the Aegean region (Seyirci, 1987).

Research has revealed that there is scientific support for
the claim that goat’s milk can help children with bronchitis

Yerlikaya

(Table 5). According to certain studies, goat’s milk can help
treat eczema, asthma, digestive issues, and some allergy symp-
toms. Children who drink goat’s milk also tend to be heavier,
and taller and have better skeletal systems and blood serum
content values (such as calcium and vitamin A) than children
who drink cow’s milk (Coskun and Ondiil, 2004; Demirhan
and Sahinler, 2022). We can say that this belief expressed by
local people is not only considered a folkloric practice but also
has a scientific basis.

The information provided in this study, which was carried
out in the Balikesir region, also indicates to us that camels
are highly valued by the local population (Table 1, Table 3).
Religious themes provide an explanation for the belief that
“it is not good to ruin a bird’s nest; if one does, he will not
have peace at home; grief will follow;” which is featured in
the “other beliefs” section. It is well known that touching a
bird’s nest or young is undesirable in Islam. It’s well known
that Turks have an intense love for birds of all kinds, includ-
ing pigeons, storks, and swallows. In fact, during the Ottoman
Empire, people were believed to have committed sins if they
hurt these animals or disturbed their nests; it was also illegal
to take bird eggs or young, and violators faced severe punish-
ments (Saricik, 2001).

The wolf, believed to be sacred by the Turks, is known to
symbolize enlightenment, valor, power, and the state (Coruhlu,
2011; Yurdakul, 2023). In addition, the wolf is also seen as a
symbol of descent and reproduction in the old Turkish belief
system (Coruhlu, 2019). The wolf is known to have repre-
sented the might of the Turks throughout history and to have
always been a powerful animal. The wolf embodies the core
characteristics of the Turkish people, being a powerful and
venturous animal (Sari, 2017; Altun 2019). The phrase “strong
like a wolf” further attests to the strength of wolves (Altun
2019). Therefore, the conclusion that “zhe wolf is a symbol of
power” as found in this study is not coincidental. Several studies
have suggested that people view wolves as symbols of pow-
er, as the examples above have demonstrated, and this study
shows that this belief is valid among the people in the analyzed
region.

CONCLUSION

Consequently, this study found that the Balikesir region’s
medicine is rooted in folklore beliefs about animals, has great
potential, and is significant to the local population because an-
imals are a part of human existence from birth to death. This
study is also thought to be useful for guiding broader studies
in the future.
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Resource Persons

KK 1. Kayhan Kuzu, born in 1983-ship captain.
KK 2-Tiirker Ayban, born in 1979-manager.
KK.3. Barss Baykara, born in 1979-architect.
KK4. Cibat Yedikardesler, born in 197 1-farmer.
KK.5-Ay¢a Nadasbag, born in 1990-manager.
KK.6-Osmzan Dogru, born in 1950-chauffeur jobs.
KK.7-Baykal Dogan, born in 1974-official manager.
KK.8-1eyla Kulr, born in 1984-civil servant.
KRK.9-Murat Ersoy, born in 1985-manager.
KK.10-Yigit Cobankusu, born in 1988-nanager.
KK.11-Eren Ocaktiirk, born in 1987-basketball player.
KK.12-Onzr Canbaz, born in 1989-firefighter.
KK.13-Cenk Yoldag, born in 1979-manager.
KK.14-Mjiirvet Yenikardes, born in 1947-housewife.
KK 15-Kamile Dokuyncn, born in 1975-manager.
KK.16-Rabmi Akkuzn, born in 1977-butcher.
KK.17-Ozden Doknyncn, born in 197 1-worker.
KK.18-Bekir Yilmaz, born in 1935-soldier.
KK.19-Ibrabim Emir,born in 197 3-driver.
KK.20-Arda Topsakal, born in 2004-carpenter.
KK.21-Ziynet Yilmaz, born in 1974-worker.

Yerlikaya

KRK.22-Giircan Ersoy, born in 1979-manager.
KK.23-Serkan Ocaktiirk, born in 1985-driver.
KK.24-Ali Sartbas, born in 1992-business man.
KK.25-Mert Kolaginli, born in 1983-banker.
KK 26-Funda Can, born in 1979-manager.
KK.27-Hatice Yagmur, born in 1981-manager.
KK.28-Ferah Sagdz, born in 1974-manager.
KK.29-Hande Kocabuyik, born in 1988-manager.
KK 30-Fulden 1 arol, born in 1995-food engineer.
KK.31-Seda Nadasbas, born in 1983-teacher.
KK 32-Mengsure Sarikaz, born in 1959-nurse.
KK.33-Siileyman Ozdemir, born in 1989-worker.
KK.34-Ciineyt Nadasbas, born in 1979-teacher.
KK.35-Burcu Mugtu, born in 1956-financier.
KK.36-Lsmet Topsakal,born in 1951-driver.
KK.37-Medine Yalazz, born in 1967-hanswife.
KK.38-Sazi Asik, born in 1979-farmer.
KK.39-Hayrettin Aykut, born in 1963-farmer.
KK 40-Mebmet Yalazs, born in 1969-chef.

KK 471-Hafiz Mustafa Aykunrt, born in 1933-teacher.
KK.42-Kadir Karaaslan, born in 1957-driver.
KK A43-Arzu Topsakal, born in 1974-accountant.
KK.44-Bora Ceylan, born in 1979-pharmacist.
KK.45-Hakk: Evran, born in 197 2-teacher.
KK.46-Bebiye Topsakal, born in 1957-hauswife.
KK.47-Meral Caktr, born in 1987-hauswife.

KK 48-Ayse Yalazik, born in 1946-hauswife.
KK.49-Emine Bayram, born in 1977-hauswife.
KK.50-lker Topsakal,born in 1979-soldier.
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ABSTRACT

This study used immunohistochemical method to investigate the relationship between the tumor
microenvironment, hypoxia, and angiogenesis in biopsy samples of feline mammary tumors brou-
ght to Selcuk University Faculty of Veterinary Medicine and Bornova Veterinary Control Institute
between 2015 and 2019. The staining of paraffin tissue sections was performed with CD31, vascular
endothelial growth factor (VEGF), hypoxia-inducible factor-1 (HIF-1a) CD68, and CD163 antibo-
dies, and their correlation with each other and the observed histopathological changes was explored.
The study used mature mammary tissue samples from 12 cats of different breeds and ages for diag-
nostic purposes. The examined biopsy materials with microvessel density (MVD), VEGE, HIF-1a,
CD68, and CD163 antibodies showed no significant relationship between benign and malignant tu-
mors (p>0.05). Furthermore, the study found no significant relationship between malignant tumors
and their histological grade, tumor size, mitotic score, lenfovascular invasion (LVI), and necrosis
features (p>0.05). It is believed that the low number of materials used in the study prevented the
detection of a statistically significant difference between the IHC results of tumors and their histo-
pathological and clinicopathological features. The study concluded that presenting the data would be
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appropriate to contribute to the fields of veterinary medicine and veterinary oncology.

INTRODUCTION

Mammary tumors rank third in cats, following hemato-
poietic and skin tumors (Misdorp, 2002). Goldschmidt et al.
(2017) have reported that the annual incidence rate in cats is
25.4/100,000. When examined by age, the frequency of oc-
currence increases in cats over nine years old, with the hig-
hest diagnosis rates between 10 and 12 years of age. Despite
the incomplete understanding of the breed predisposition for
mammary tumors in cats, reports indicate a higher incidence
in the Siamese breed (Goldschmidt et al., 2017).

The tumor microenvironment defines the cells and struc-
tures surrounding the cancer cells in the tumor, including the
tumor’s vascular system, lymphatics, fibroblasts, pericytes, and
sometimes adipocytes (Balkwill et al., 2012). Various non-tu-
mor cells in the tumor microenvironment also affect the be-
havior of tumor cells (Sun et al., 2014).

Macrophages make up a significant portion of the infilt-
rated leukocytes in the tumor tissue (Murdoch et al., 2004).
Tumor-associated macrophages (TAMs) classify these cells as
either anti-tumoral (M1) or pro-tumoral (M2) macrophages,
depending on their activation status in response to microen-
vironmental changes (Chanmee et al., 2014; Mantovani and
Locati, 2013). In the tumor microenvironment, TAMs are
very important. They affect the movement of tumor cells, the
breakdown and remodeling of the extracellular matrix, the
growth of new blood vessels, and the metastasis and invasion
of tumor cells (Chanmee et al., 2014; Zhang et al., 2012).

To cite this article:

Hypoxia is the most important metabolic change in the tu-
mor microenvirtonment, and 50-60% of solid tumors have
heterogeneously distributed hypoxic and anoxic areas within
the tumor mass (Vaupel, 2004; Vaupel and Mayer, 2007). To
adapt to hypoxic conditions, cells undergo a series of changes
in gene expression and function. Many alterations in gene exp-
ression during hypoxia are caused by the activation of hypoxi-
a-inducible factor (HIF) (McNeil et al., 2016). HIF allows tu-
mor cells to adapt to and survive in hypoxic conditions in the
tumor microenvironment by reprogramming genes involved
in angiogenesis, glycolytic metabolism, oxygen consumption,
invasion, and migration (Rapisarda and Melillo, 2009).

The formation of new blood vessels is termed angiogene-
sis. Tumors require new blood vessels to grow beyond 1-2 mm
in size. Angiogenesis facilitates the progression, metastasis,
and invasion of tumor tissue, providing the oxygen, growth
factors, and nutrients necessary for the tumor’s development
(McNamara et al., 1998).

Because of the clinicopathological, histological, and epide-
miological similarities between feline and human mammary
cancers, feline mammary tumors can be used as models for
human mammary tumors in cancer research. In addition, stu-
dies in feline mammary tumors may provide clues to better
understand the mechanisms of cellular response, angiogene-
sis, and hypoxia in the tumor microenvironment. In this study,
it was aimed to determine the relationship of paraffin tissue
sections of cat mammary tumor biopsy samples with the tu-
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mor microenvironment, hypoxia, and angiogenesis by immu-
nohistochemical method. For this purpose, we evaluated the
immunexpressions of CD31, vascular endothelial growth fac-
tor (VEGEF), HIF-1a, CD68, and CD163 antibodies used in
staining and investigated the relationship between them and
the observed histopathological changes.

MATERIALS and METHODS

The material for the study consisted of mature mamma-
ry tissue samples from 12 cats of various breeds and ages,
brought for diagnostic purposes to Selcuk University Faculty
of Veterinary Medicine and Bornova Veterinary Control Insti-
tute between 2015 and 2019. After the tissue samples of the
mammary tissues obtained by the surgical operation were sent
to the pathology laboratories of the above-mentioned depart-
ments, they were examined macroscopically and tissue samples
were taken from the necessary areas for examination.

Histopathological Examination

Mammary biopsy samples were fixed in 10% buffered
formaldehyde solution and embedded in paraffin after routine
tissue processing procedures. The tissue samples were sec-
tioned at a thickness of 5 microns on a microtome (Leica RM
2125RT), stained with Haemotoxylene&Eosin (H&E) and ex-
amined under a binocular light microscope (Olympus BX51).

The malignancy degree of cat tumors was determined
according to the newly reported numerical grading system
(Goldschmidt et al. 2017). These grading systems are shown
in Table 1. An Olympus BX51 microscope (with a 0.55 mm
diameter field of view at x400 magnification) was used for
histomorphological assessment.

Immunobistochemistry Staining and Evaluation

All sections from the cases were examined, and paraffin
blocks representing the tumor most accurately were selected.
The evaluation of hypoxia, angiogenesis, and tumor-associated
macrophages in the tumor microenvironment was conducted
using CD68, CD163, CD31, VEGE, and HIF-1a antibodies.
Immunohistochemistry was done on 4-micron-thick sections

obtained from paraffin tissue blocks of these cases and mount-
ed on Poly-L-lysine-coated slides were used and subjected to
tissue applications of the Novolink™ Polymer Detection Sys-
tem RE7150-K by Leica Microsystems, following the recom-
mended protocol of the respective company. Clone numbers,
dilution rates, and incubation times of the primary antibodies
used are summarized in Table 2. Negative controls for each
staining were also processed using the same procedure but
with TBS instead of the primary antibody. For positive con-
trols, hemangiosarcoma tissue from a dog was used for CD31,
healthy liver tissue for VEGE, and lung tissue with pneumonia
from another dog for HIF-1a, CD68, and CD163. Following
staining using the same procedure for all sections, they were
examined under a light microscope (Olympus BX51) and eval-
uated semi-quantitatively (Choudhury et al., 2010. Hameed et
al., 2015; Weidner et al., 1991; Monteiro et al., 2018).

The evaluation of samples labeled with VEGF and HIF-
la was performed according to the Allred scoring method
(Choudhury et al.,, 2010; Hameed et al., 2015; Ates, 2019).
This scoring system assessed staining intensity and proportion
scores in two categories, similar to standard scoring systems.
According to this method, staining intensity (datrkness) scores
were determined as 0 (no staining), 1 (weak), 2 (moderate),
and 3 (intense/dark). Proportion score was determined based
on the ratio of stained cells to all cells in the examined area,
as follows: 0 (no staining), 1 (>0-1/100), 2 (>1/100-1/10), 3
(>1/10-1/3), 4 (>1/3-2/3), 5 (>2/3-1). The staining inten-
sity score and proportion score were added to determine the
Allred score for each case, ranging from 0 to 8 (Hameed et al.,

2015; Ates, 2019) (Table 3).

To determine microvessel density (MVD), samples were
evaluated immunohistochemically using CD31 staining. Weid-
ner et al. (1991) modified the technique for MVD determina-
tion. Initially, sections were scanned at low magnifications (x40
and x100) under a light microscope. Subsequently, areas with
the highest vascularization, called ‘hot spots,” were selected at
x100 magnification. Microvessel counting was performed in
five different ‘hot spots’ areas at X200 magnification. Endothe-
lial cells or clusters positively stained with CD31 were included
in the count. Vessels in normal breast tissue, fibrosis, necrotic

Table 1. Grading of feline mammary carcinomas (Goldschmidt et al. 2017).

Histologic features Score
A. Lymphovascular invasion Absent 0
Present 1
B.Nuclear form < % 5 abnormal 0
2 % 5 abnormal 1
C. Mitotic count (10 consecutive HPF) <62 0
>62 1
Total score (A+B+C) Grade
0 1 Low grade
1 2 Intermediate grade
2-3 3 High grade

(BBA: x40 magnificant; 0,55 mm diamater, Olympus BX51 microscope)
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Table 2. Antibody Panel.
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Antibody Clone number Company Dilution Rate Incubation Time  Cellular localization

H-3 (Mouse ) Room temperature/ .

CD31 Monoclonal) Santa Cruz 1:400 1 hour Cytoplasmic
3F103 (Mouse . .

: + ° 7

CD68 Monoclonal) Santa Cruz 1:50 4°C/overnight Cytoplasmic

GHI/61 Mouse . .
1 1: +4°

CD163 Monoclonal) Santa Cruz 50 4°C/overnight Cytoplasmic
VG-1 (Mouse ) Room temperature/ .

VEGF Monoclonal) Santa Cruz 1:250 1 hour Cytoplasmic
HiF-1a 28b (Mouse Santa Cruz 1:100 +4°C/overnight Nuclear/.

Monoclonal) Cytoplasmic

Table 3. Allred scoring method (adapted from Hameed et al (2015).

Proportion score ~ PS* Intensity score IS*
0 0 No staining 0
>0-1/100 Weak 1
>1/100-1/10 2 Moderate 2
>1/10-1/3 3 Intense 3
>1/3-2/3 4

>2/3-1 5 Allred Score= PS+IS

*PS: Proportion score, IS: Intensity score

regions, areas with inflammation, and vessels with muscle walls
were excluded from the count. The average microvessel counts
in the five high vascularization areas in the sections were used
to calculate MVD.

Macrophages were evaluated immunohistochemically using
CD068 and CD163 staining. The technique employed for mac-
rophage counting was adapted from Monteiro et al. (2018).
Initially, sections were scanned at low magnifications (x40 and
x100) under a light microscope, and five areas with the highest
macrophage density, referred to as ‘hot spots,” were identified.
Macrophage counting was performed at X400 magnification
for each area. Macrophage cells stained with CD68 and CID163
were included in the count for each area.

Statistical analysis

The statistical data analysis was conducted using the SPSS
for Windows 25 software package. The Chi-square test
was used for comparing groupable clinicopathological data
with each other and with immunohistochemical data. The
Mann-Whitney U test (for comparison between two groups)
and the Kruskal-Wallis test (for comparison among more than
two groups) were employed to compare mean values with oth-
er clinicopathological data. Quantitative variables were pre-
sented as mean * standard deviation. Results were considered
statistically significant at p< 0.05.

RESULTS

The histopathological classification of cases was conducted
according to Goldschmidt et al. (2017) criteria (Table 4). Tu-
mor types, sizes, and localization of masses, as well as infor-
mation on animal species, age, and breed, were presented in
Table 5 based on this classification.

Out of the 12 examined cases of mammary tumors, nine
were malignant and three were benign, all of which were com-
prised of mastectomy materials. The ages of the cats included
in the study ranged from 1 to 14 years (mean: 9.6 years). The
highest incidence of mammary tumors was observed in the
age range of 9—12 years (Figure 1). When evaluated by breed,
the highest number of tumors was detected in the mixed breed
n=7).

Macroscopic findings

The smallest tumor size among the cases was 2x0.8x1.2 c¢m,
and the largest was 8x3.5x2.5 cm. The cross-sections of some
cases appeared grayish-white, moist, and lobulated. In some
cases, the outer parts were elastic, while the inner parts had oc-
casional complex foci. The cut sections of these tumors were
grayish-white, and areas resembling bone-like calcifications
were present (Figure 2).

Histopathological Findings

The lymphovascular invasion status, tumor necrosis, mitot-
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Table 4. Histologic classification of feline mammary neoplasms (Goldschmidt et al. 2017).

1. Hyperplasia/dysplasia

Duct ectasia

3. Malignant epithelial neoplasms

Carcinoma — 2 situ

Lobular hyperplasia (adenosis) Carcinoma — simple

Regular

With secretory activity

With fibrosis

With atypia
Epitheliosis
Papillomatosis
Fibroadenomatous change

Gynecomastia
2. Benign neoplasms

Adenoma — simple

Intraductal papillary
adenoma

Ductal adenoma

Fibroadenoma

a. tubular

b. tubulopapillary

c. cystic-papillary

d. cribriform
Carcinoma — micropapillary invasive
Carcinoma — solid
Comedocarcinoma
Carcinoma — anaplastic

Intraductal papillary
carcinoma

Ductal carcinoma

4. Malignant epithelial
neoplasms — special types
Squamous cell carcinoma
Adenosquamous carcinoma
Mucinous carcinoma

Lipid-rich (secretory) carcinoma
Spindle cell carcinoma

Squamous cell carcinoma — spindle
cell variant
Carcinoma — spindle cell variant

Inflammatory carcinoma

5. Malignant mesenchymal
neoplasms — sarcomas

Fibrosarcoma

Other sarcomas

Table 5. Mammary tumors in feline and information about animals.

No Diagnosis Race Age Localization Size

1* Tubular carcinoma Mixed 14 No information 2x2,7x2.5 cm
2% Solid carcinoma Mixed 10 No information 3,5x1,5x1 cm
3% Ciytic-papillary carcinoma No information 10 No information 3x1,4x3,1 cm
4% Solid carcinoma Mixed 11 No information 2,5x2x1 ¢cm

5% Mucinous carcinoma Mixed 11 Cranial mammary lobe 8x3,5x2,5 cm
6* Tubular carcinoma Siamese cat 8 No information 3,5x3,2x1 cm
7* Tubulopapillary carcinoma Mixed 13 No information 2x2x1,2 cm

8* Ductal adenoma No information 11 No information 2x0,8x1,2cm
9* Simple adenoma Mixed 9 No information 1,5x2x2,1cm
10%* Comedokarcinoma Mixed 9 No information 5x3,6x1,1 cm
11*+* Anaplastic carcinoma Siamese cat 8 Inguinal mammary lobe 1,5x2x1,3 cm
124 Simple adenoma Persian cat 1 Cranial and caudal 4x1,2x3 cm

thoracic mammary lobe

*: Bornova Veterinary Control Institute
**: Selcuk University Faculty of Veterinary Medicine

ic score, and grade information, along with histopathological
diagnosis details and IHC results for the cases comprising the
study material, are presented in Table 6. In two cases, corpo-
ra amylacea of varying sizes were found in ectatic glands and
duct lumens (Figure 3).

Tmmunobistochemical Findings

CD31, HIF-1a, and VEGF antibodies labeled all cases with
positive immunoreactivity. CD68 and CD163 labels revealed
positive immunoreactivity in 5 and 7 cases, respectively. CD31
expression was observed rarely in endothelial cells of small and
large blood vessels and occasionally in macrophages. VEGF
expression was modest in endothelial cells and widespread or
localized in granular form in the cytoplasm of tumor cells.

Tumor cells primarily displayed HIF-1a in their cytoplasm and
nucleus, particularly in perinecrotic areas. Macrophages labe-
led with CD68 and CD163 were observed individually or in
clusters in the tumor stroma (Figure 4).

The MVD of benign tumors (40,87118,79) in cats was low-
er compared to malignant tumors (49,64+15,22). The mean
VEGF IHC staining score in benign tumors was 5.67%0.58,
which was higher than in malignant tumors, 5.22%1.56. The
mean HIF-1a IHC staining score was higher in benign tumors
(5.00£1.73) compared to malignant tumors (3.44%1.42). The
density of macrophages labeled with CD68 in benign tumors
was 5.00%5.00, while it was 11.11+23.35 in malignant tumors.
The density of macrophages labeled with CD163 in benign
tumors (3.00£2.65) was higher than in malignant tumors

Medit Vet J, 9(3): 354-363, 2024
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Figure 1. The distribution of mammary
tumors of feline according to age.

Figure 2. Comedocarcinoma, pale appearance (A) and the
lobular appearance on cut-section (B), case number:10.

Table 6. IHC scores and histopathological features of mammary tumors from cats.

mass with a grey-white and

No Diagnosis (1(\:/[1;72) VESF HIN'™ CcD6s CD163 LVI Necrosis o Grade
1 Tubular carcinoma 51 5 2 0 41 + + 50 3
2 Solid catcinoma 37.6 2 29 75 + + 82 3
3 Clyt%c-papﬂlary 34.4 3 3 0 48 - - 45 1
carcinoma
4 Solid catrcinoma 28.2 8 6 0 7 - - 25 2
5 Mucinous 522 5 4 68 65 - + 30 0 2
carcinoma
6 Tubular carcinoma 64.8 3 3 3 0 + + 70 3
7 Tubulopapillary 732 5 6 0 0 - - 35 2
carcinoma
8 Ductal adenoma 55.2 5 5 0 0 - - - -
9 Simple adenoma 19.6 6 4 10 5 - - - -
10 Comedocarcinoma  62.8 6 6 0 0 + + 35 3
gy Anaplastic 26 6 6 o 0 o+ o+ 85 3
carcinoma
12 Simple adenoma 47.8 6 2 5 4 - - - -
LVI: Lenfovascular Invasion +=present, - = absent
Necrosis: + =present, - = absent

Mitotic score (BBA: x40 magnificant; 0,55 mm diamater, Olympus BX51 microscope)

TS: Total Score= Proportion Score (PS)+intensity score (IS)

Medit Vet J, 93): 354-363, 2024
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(26.22%31.02) and the difference between them was statisti-
cally insignificant in all the above-mentioned data. (p > 0.05)

(Figure 5). In the examined malignant tumors, no statistically
significant relationship was found between IHC results and

Table 7. Immunohistochemical results and histopathological clinicopathological features of malignant tumors in feline (Meantsd)
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a mvD
B VEGF
B HIF-1A
O CD68
B CD163

histological grade, tumor size, mitotic score, LVI, and necrosis

features (p > 0.05) (Table 7).

n MVD VEGF HIF-1A CD68 CD163
1 1 3440+000  3.00£0.00  3.00+0.00 - 48.00%0.00
Histological 2 3512042252 6.00£1.73  3.00£1.00 226743926  24.00+35.68
Grade® 3 5 51.76%1201 5204130  3.80£1.79  640%1270  23.20%33.97
p 0.509 0.364 0.820 0,864+ 0.678
23cm 4 4875%18.82  6.00x1.41  3.00%1.15 - 12.00+19.61
Tumor size * >3cm 5 50.36£14.00  4.60£152  3.80%1.64 20+29.47 37.6035.66
p 1.000 0.413 0.556 0.413
<62 6 50.30£16.89  533%1.63 317117 113342776 26.83+28.07
Mitotic Score** 62 3 4833%1448  500£1.73 4004200  10.67+1595  25.00+43.3
p 1.000 1.000 0.548 0.381 0.905
Present 5 517641201 5204130  3.80%1.79  6.40£1270  23.20%33.97
LVI# Absent 4  47.0042021 5254206  3.00+0.82  17.00£34.00  30.00+31.51
p 0.730 0.730 0.556 0.905 0.556
Present 8  46.70%13.25  525%1.67  338+1.51 125042456  29.50%31.45
Necrosis** Absent 1 7320£0.00  5.00£0.00  4.00£0.00 - -
p 0.222 0.889 0.667

(*) Kruskall Wallis Varyans Analysis, (**) Mann Whitney-U test, (***) Since there is no grade 1 CD68 staining, Mann Whitney-U

test was performed.
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DISCUSSION

This study aimed to investigate the relationship between
CD31, HIF-1a, VEGE, CD68, and CD163 antibodies, which
are used to investigate hypoxia, angiogenesis, and malignancy
in feline mammary tumors, and their relationship with histo-
pathological changes using immunohistochemical methods.

It has been reported that more than 85% of mammary tu-
mors in felines are malignant (Karabolovski et al., 2020; Mur-
phy, 2008). In the study, out of 12 mammary gland tumors
diagnosed in female cats, 9 (75%) were malignant, and 3 (25%)
were benign tumors.

Although the occurrence rate of mammary tumors in fe-
lines shows a noticeable increase after the age of 9, the highest
diagnosis is reported to be between the ages of 10-12 (Gold-
schmidt et al., 2017; Hayes and Mooney, 1985). In the study,
the ages of felines with mammary tumors ranged from 1 to 14
years, with an average age of 9.6 years. As for the age range, it
was most commonly observed between 9 and 12 years, consis-
tent with literature data (n=7).

Certain breeds, such as Siamese, Persian, and domestic
shorthair cats, are reported to be mote prone to mammary tu-
mors (Amorim et al., 2006; Goldschmidt et al., 2017; Hayes et
al., 1981; Shida et al., 2010). In the study, the highest incidence
of mammary tumors in cats was observed in the mixed breed
(n=7). Although this result is not very reliable due to the small
number of materials evaluated, it is concluded that it cannot
be definite regarding the breed characteristics in Konya and
Izmir regions due to the fact that the samples of cats belong-
ing to mixed breeds were more common in the date range in
which the samples were examined.

Studies on benign and malignant mammary tumors have re-
ported that MVDs are higher in malignant tumors than benign
tumors (Jakab et al., 2008; Raposo et al., 2014; Restucci et al.,
2000; Sleeckx et al., 2014). In our study, the MVD in malignant
tumors in cats was higher than in benign tumors, in line with
the literature data. However, the difference was statistically in-
significant in both groups (p>0.05).

In studies, VEGF was found to be higher in malignant tu-
mors compared to benign tumors (Qui et al., 2008; Restucci et
al., 2002). Unlike these studies, in our study, VEGF was higher
in benign tumors than in malignant tumors. This difference
may be due to the fact that the studies were conducted on
canine mammary tumors or that the number of benign mam-
mary tumors used in our study was lower than the number of
malignant tumors. Studies exploring the connection between
angiogenesis and VEGF in cats are scarce. Islam et al. (2012)
reported a positive correlation between VEGF expression and
MVD in feline mammary tumors. Millanta et al. (2002) condu-
cted a different study on feline mammary tumors and reported
that, unlike other researchers, they did not detect a significant
relationship between VEGE and angiogenesis. In our study,
correlation analysis could not be performed due to the low
number of materials.

Many studies have presented evidence that HIF-1a is ef-
fective in the development of aggtessive tumors (Shin et al.,
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2015; Madej et al.,, 2013). The mean HIF-1a IHC score was
higher in benign tumors than in malignant tumors, and the
statistical difference was insignificant (p > 0.05). In addition,
we couldn’t find any relationship between clinicopathological
features. Despite studies reporting a relationship between his-
tological grade and HIF-1a, our results underscore the need
for large-scale studies on this issue.

Studies reported that the number of tumor-associated mac-
rophages was significantly higher in malignant tumors than in
benign tumors. (Raposo et al., 2014; Raposo et al., 2015). Al-
though CD68 and CD163 numbers in feline tumors were sta-
tistically insignificant, similar to the studies, they were higher
in malignant tumors than benign tumors, and similar to these
studies, we could not detect a significant relationship between
them and features such as tumor size, histological grade, ne-
crosis and lymph node metastasis in feline mammary tumors

(p>0.05).
CONCLUSION

No statistically significant difference was found between the
IHC results of the tumors used in the study and histopatho-
logical and clinicopathological features (p>0.05). This may
have been due to insufficient sample numbers. Therefore, it
would be more accurate to conduct multicenter studies exam-
ining histopathological and clinicopathological characteristics
with more materials. The study concluded that presenting the
data would be appropriate to contribute to the fields of veteri-
nary medicine and veterinary oncology.
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ABSTRACT

The aim of the study was to investigate insulin resistance in overweight and obese dogs. Obesity is
excessive fat accumulation in the body and is defined as being 30% above the ideal body weight. In
the study, a total of 30 dogs were divided into 3 equal groups: ideal weight, overweight and obese.
Fasting serum samples were collected and used to measure insulin (INS) and asprosin (ASP) levels
using dog-specific ELISA kits. Glucose (GLU) and fructosamine (FRU) were also determined using
biochemistry analyzer and Idexx test kits, respectively. HOMA-IR (homeostasis model assessment
of insulin resistance), HOMA-$% (homeostasis model assessment of § cell function) and insu-
lin-glucose ratio (IGR) were calculated using glucose and insulin values. In the study, ASP (p<<0.05),
INS (p<0.05), HOMA-B (p<0.05) and IGR (p<0.05) values of both overweight and obese dogs
were higher than the ideal weight group. Very strong correlations were detected between INS and
HOMA-IR (p<0.01), HOMA-8 (p<0.01), IGR (p<0.01) in both groups. It was determined that
insulin resistance developed in 60% of overweight dogs and 90% of obese dogs. It is thought that
HOMA-IR, HOMA-8, IGR, INS, FRU and ASP can be used in the evaluation of insulin resistance
in obese dogs.

EE. SARIKAYA : 0000-0002-5311-4736
HI. GOKCE : 0000-0002-4458-6671

INTRODUCTION

Obesity is defined as accumulation of excess fat in the body.
It is the most common nutrition-related health disorders in
dog and cats. It generally occurs as a result of energy imbal-
ance and develops when the energy consumed is more than
the energy used (Preet et al., 2021; Ronja and Kélle, 2021).
Various predisposing factors contribute to the development
of obesity in dogs. These predisposing factors include inactiv-
ity, high-energy diet, race, gender, neutering, and the presence
of some metabolic disorders including hyperadrenocorticism,
hypothyroidism, and insulinoma (Buishand and Kirpensteijn,
2023; Preet et al., 2021; Ronja and Kélle, 2021). Obesity is a
growing chronic health problem in dogs that 22-66 percent of
dogs are claimed to be obese (Munoz-Prieto et al., 2018; Preet
et al., 2021; Ronja and Koélle, 2021). Studies have revealed that
cancer, diabetes mellitus (DM), heart diseases, hypertension,
joint diseases and skin diseases are more common in obese
dogs (Preet et al., 2021; Ramos and Castillo, 2020; Ronja and
Kolle, 2021). Therefore, obesity negatively affects the health
and welfare of dogs.

Insulin resistance is the phenomenon of tissues such as liv-
er, muscle and fat not responding to insulin. In this case, the
pancreas produces more insulin, and on the other hand, blood
sugar rises because glucose cannot be used in energy produc-
tion. Therefore, insulin resistance develops and this ends with
the development of type 2 DM. Over time, these animals de-
velop complications such as obesity, high blood pressure, high
cholesterol and triglycerides, and low HDLP (Marchi et al.,

To cite this article:

2022; Preet et al., 2021; Ronja and Kélle, 2021).

Insulin resistance has been shown to be more common in
both obese people (Li et al., 2021; Xu et al., 2021) and obese
pets (Ramos and Castillo, 2020), and a relationship between
type 2 DM and obesity is noted. In studies, increases in pa-
rameters such as HOMA-IR (homeostasis model assessment
of insulin resistance), HOMA-3% (homeostasis model assess-
ment of § cell function) insulin, glucose, triglyceride, total cho-
lesterol and high density lipoprotein (HDLP) were determined
in obese dogs (Imamura et al., 2013; Preet et al., 2021; Ronja
and Kolle, 2021; Sung et al., 2010; Villar and Bravo, 2022).
Additionally, significant increases in blood asprosin levels have
been detected in obese people, and a relationship between as-
prosin and obesity and insulin resistance has been determined
(Li et al., 2021; Naiemian et al., 2020; Silistre and Hatipoglu,
2020; Xu et al., 2021). There are many studies on obesity and
insulin resistance in humans, but there are very limited stud-
ies on the development of insulin resistance in obese dogs.
Asprosin is also suggested as a biomarker to identify insulin
resistance in obese adults and children (Naiemian et al., 2020,
Romere et al., 2016; Silistre and Hatipoglu, 2020). However,
there is no study on asprosin and insulin resistance in obese
cats and dogs

Therefore, the aim of this study was to investigate insulin
resistance in overweight and obese dogs. Additionally, the di-
agnostic value of asprosin in determining insulin resistance in
these dogs was also investigated.

Sarikaya EE, Gékee HI. Investigations of insulin resistance in obese dogs. Medit Vet J. 2024; 9(3): 364-370.
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MATERIALS and METHODS
Dogs

A total of 30 owned dogs were used in the research. Dogs
were divided into 3 groups: 10 overweight (n=10), obese
(n=10), and ideal weight (n=10). The dogs were of different
ages, breeds and genders.

This study was approved by the Animal Ethics Com-
mittee (AEC), Burdur Mehmet Akif University, Turkiye
(N0:929/2022).

Evaluation of Obesity

Body condition score (BCS) was used to assess obesity in
dogs as described elsewhere (Chun et al., 2019; Williams and
Buzhardt, 2022). Thus, BCS in dogs was scored in the range
of 1-9. BCS 4-5/9 was considered ideal weight, while BCS 6/9
and 7-9/9 were considered overweight and obese, respectively.
Dogs with any systemic disease and those that had surgery
within 6 weeks were not included in the study.

Blood Sanmples

Fasting (8-12 hours) blood samples were taken from each
animal into plane tubes and centrifuged at 4000 rpm for 20
minutes to prepare serum samples. These serum samples were
then stored at -80°C until used.

Biochemical analysis

In the study, serum concentrations of insulin (SunRed, cata-
log number: 201-15-0201, Shangai-CHINA) and asprosin (My-
Biosource catalog number: MBS2612398, San Diego-USA)
were detected by using dog-specific ELISA kits. ELISA tests
were applied according to the manufacturer’s recommenda-

tions. Serum fructosamine values were determined by using
dog-specific Idexx test kits (Idexx Catalyst One Chemistry
Analyzer, USA). Serum glucose levels were measured by using
a biochemistry device (Roche cobas integra 400 Plus, USA).
Insulin and glucose values were then used to calculate HO-
MA-IR, HOMA-B and insulin-glucose ratio (IGR) for each
dog. The formulas used in HOMA-IR, HOMA-3 and IGR
calculations are as shown below.

HOMA-IR: fasting glucose (mg/dl) x fasting insulin
(mU/1)/405

HOMA-B: 20 x fasting insulin (uIU/ml)/fasting glucose
(mmol/1.)-3.5.

IGR: fasting insulin (mU/ml)/fasting glucose (mmol/L).

In the study, 2-fold dilutions were made for standard insu-
lin (80mU/L-6.25mU/L) and asprosin (10ng/ml-0.156ng/ml)
and the optical density (OD) of each well for insulin and as-
prosin was determined with a micro-ELISA plate reader (96A,
Minray, CHINA) at a test wave-length of 450 nm. Regression
analysis was performed with the OD values of the obtained
standard dilutions in the Excel program, and the formulas de-
rived for insulin and asprosin were used to calculate their levels
in the test samples as follows.

Insulin in the test samples was calculated using the formulas
y=606.459x-32967 (R*=0.998) and asprosin y=4.9091x-1.4838
(R*=0.9992).

Statistical analysis

The normality of the distribution of the data obtained in
the study was determined by the Kolmogorov-Smirnov test.
One-Way ANOVA (posthoc Duncan) test was used to analyze

Table 1. Parameters of Ideal weight, Overweight and Obese dogs (meantstandard deviation. SD)

Parameters Ideal weight Overweight Obese Median
(n=10) (n=10) (n=10) (min-max)
ASP (ng/mL) 1.38+0.26° 2.15£0.61° 1.9640.53 " }46_2.2)
GLU (mg/dL) 74.87+12.00° 74741049 86.54+19.39" (52_61.36)
INS (mU/L) 13.4945.19" 34.421422.6* 43.13427.75° (7'23(?522.4)
FRU (umol/L) 273+34.91" 308+42.13" 344.16+42.13 a 91(_)227)
HOMA-IR 2.44%0.88" 6.17%3.86% 9.4446.64" i3 63_'179_73>
HOMA-§ (%) 64.06433.62°  171.74£132.6°  178.61£115.88" 339353)5;6)
IGR (nU/mL) 0.18+0.09" 0.48%0.36" 0.5+0.32° o 0%_311.22)

ASP: asprosin. GLU: glucose. INS: insulin. FRU: fructosamine. HOMA-IR: homeostasis model assessment of
insulin resistance. HOMA-B: homeostasis model assessment of beta-cell function. IGR: Insulin/glucose ratio.
The significance of the deviations between the values of the groups is indicated with superscript letters. and
the presence of different letters on the same line indicates the significance between the groups (p <0.05).
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the significance of data differences between groups. Addition-
ally, the correlation between parameters was analyzed with the
Pearson’s correlation coefficient (t) test. In the correlation test,
negative (-) or positive (+) correlation values (r) were accepted
as very weak (-,+ 0-0.19), weak (-,+ 0.2-0.39), moderate (-,+ 0,
4 -0.59), strong (-,+ 0.6-0.79) and very strong (-,+ 0.8-1.00) as
defined by Meghanathan (2016). In the study, the cut-off val-
ue of each parameter in overweight or obese dogs was deter-
mined by ROC analysis and individual increases or decreases
for each value were determined according to the cut-off val-
ues. As a result of ROC analysis, the parameters were given as
AUC (Area), Yosensitivity (Yosns), Yospecificity (Yosps) and cut-
off value. Significance levels were accepted as p<<0.05. Param-
eters were expressed as meantstandard deviation (mean*SD),
median, minimum-maximum (min-max). SPSS 27.0 for Win-
dows® package program (version 27.0 for Windows, SPSS
Inc, Chicago) was used to perform the statistical analysis.

Table 2. Cut-off values of the parameters.

Sarikaya, Gokce

RESULTS

In the study, serum concentrations of ASP (p<<0.05), INS
(p<0.05), HOMA- (p<0.05) and IGR (p<0.05) were signifi-
cantly higher in both overweight and obese dogs than ideal
weight dogs. Additionally, FRU (p<0.01) and HOMA-IR
(p<0.01) values of obese dogs were found to be higher than
those of ideal weight group, however, these parameters of
obese dogs were not statistically different those of overweight

dogs (Table 1).

In the study, cut-off values were calculated for each param-
eter in the ROC analysis (Table 2), and the number and per-
centages of dogs showing an increase for a parameter were cal-
culated (Table 3). In the obese group, increases in ASP, GLU,
INS, FRU, HOMA-IR, HOMA-§ and IGR values were detect-
ed in 8(80%), 9(90%), 9(90%), 10(100%), 9(90%), 8(80%) and
7(70%) dogs, respectively (Table 3). However, an increase in
these parameters was detected in fewer dogs in the overweight
group than in obese dogs (Table 3).

AUC Cut-off
Area (95 confidence intervals) p value sensitivity%e-specificity%o
(Area) (lower-upper bound%)
1.62
ASP (ng/mL) 0.125 (0-0.273) 0.002 31.8-75
76.5
GLU (mg/dL) 0.338 (0.124-0.553) 0.181 40.9-75
15.89
INS (mU/L) 0.227 (0.063-0.392) 0.024 36.4-62.5
295.5
FRU (umol/L) 0.151 (0.013-0.288) 0.004 27.3-75
2.4
HOMA-IR 0.216 (0.056.0.376) 0.019 27.3-75
60.23
- 0 -
HOMA-B (%) 0.239 (0.07-0.407) 0.031 31.8-62.5
IGR (WU/mL)  0.253 0175 0.041 31.8-62.5

(0.082-0.423)

ASP: asprosin. GLU: glucose. INS: insulin. FRU: fructosamine. HOMA-IR: homeostasis model assessment of
insulin resistance. HOMA-B: homeostasis model assessment of beta-cell function. IGR: Insulin/glucose ratio.

Table 3. Number and percentages of dogs showing increases in parameters.

Parameters Cut-off Ov(;rivle (;)ght 8::1?;;
ASP (ng/mL) 1.62 7(70%) 8(80%)
GLU (mg/dL) 76.5 6(60%) 9(90%)
INS (mU/L) 15.89 7(70%) 9(90%)
FRU (umol/L) 295.5 4(40%) 10(100%)
HOMA-IR 2.4 6(60%) 9(90%)
HOMA-B (%) 60.23 6(60%) 8(80%)
IGR (uU/mL) 0.175 6(60%) 7(70%)

AASP: Asprosin. GLU: glucose. INS: insulin. FRU: fructosamine. HOMA-IR:
homeostasis model assessment of insulin resistance. HOMA-B: homeostasis
model assessment of beta-cell function. IGR: Insulin/glucose ratio.
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Pearson correlation test was applied to determine cor-
relations between parameters obtained from overweight and
obese dogs. As a result of the analyses, very strong positive
correlations were detected between INS and HOMA-IR, HO-
MA-3 and IGR, between HOMA-IR and HOMA-8 and IGR,
and also between HOMA-B and IGR (p<0.01).

Asprosin is produced from adipose tissue in cases of
hunger and anorexia and stimulates both glucose production
from the liver and appetite by crossing the brain barrier (Du-
errschmid et al., 2017; Li et al., 2021). Blood asprosin levels are
found to be high in type 2 DM cases with insulin resistance (Li
etal., 2021; Naiemian et al., 2020; Wang et al., 2018). However,

Table 4. Correlation coefficient (r) values between parameters of overweight and obese dogs.

Groups ASP INS GLU FRU HOMA-IR HOMA-§ IGR

Overweight ASP 1 0279 -0059 0578 0.294 0.249 0.257
INS 1 -0330 -0.150 0947+ 0.962%%  0.961%*
GLU 1 0069 -0.029 -0.558  -0.560
FRU 1 -0.106 0189 -0.182
HOMA-IR 1 0.823%  (,823%*
HOMA-B 1 1.00%*
IGR 1

Obese ASP 1 0269 0552 0411 -0.038 0463 -0.462
iNS 1 0196 -0254  0.953% 0.939%  0.940%
GLU 1 0472 0.453 0109 -0.108
FRU 1 -0.131 0373 0377
HOMA-IR 1 0.794%%  0.796%*
HOMA-B 1 1,007+
IGR 1

ASP: Asprosin. GLU: glucose. INS: insulin. FRU: fructosamine. HOMA-IR: homeostasis model assessment of
insulin resistance. HOMA-B: homeostasis model assessment of beta-cell function. IGR: Insulin/glucose ratio.

Pearson’s correlation test: *: p<0.05. **:p<0.01.

DISCUSSION

Body weight gain is defined as overweight or obesity and
characterized by excess fat tissue increase. It is a increasing
common nutritional disease in cats and dogs. An increase of
10-20% in ideal body weight is considered overweight, and in-
creases above 20% are considered obesity (Preet et al., 2021).
The causes of obesity are diverse and often result from an
imbalance between energy intake and use. In other words, the
dog takes in more calories than it consumes, and the excess
energy consumed is stored as fat in the body. Nowadays, obe-
sity emerges as a chronic problem, especially in animals that
are housed in a2 home environment, neutered, and fed with a
high-energy diet (Preet et al., 2021; Ronja and Koélle, 2021).
It is a growing problem and 40-60% of dogs are reported to
be overweight or obese (Munoz-Pierto et al., 2018; Preet et
al., 2021). Studies have revealed that there is a relationship
between obesity and the incidence of diseases such as os-
teoarthritis, diabetes mellitus, hypothyroidism, hypertension,
cardiovascular diseases, respiratory distress, hyperthermia and
cancer (Munoz-Pierto et al., 2018, Preet et al., 2021; Ronja and
Kolle, 2021). Diabetes mellitus, hypothyroidism and hyper-
adrenocorticism have been reported to occur in 9%, 6% and
13% of dogs, respectively. It has also been shown that 40% of
dogs with at least one of these diseases are obese (Oh, 2011;
Preet et al., 2021).

it has also been shown that ASP contributes to the develop-
ment of insulin resistance by impairing {3 cells secretion (Jung
et al., 2019). Studies conducted in obese children and adults
indicate that the level of asprosin in the circulation increases
depending on the degree of obesity, and that there is a rela-
tionship between asprosin and obesity and insulin resistance
(Li et al., 2021; Naiemian et al., 2020; Silistra and Hatipoglu,
202). In present study, ASP values of both overweight and
obese dogs were found to be significantly higher than the ide-
al weight group (p<0.05). However, no statistically significant
difference was found between these parameters in obese and
overweight dogs. On the other hand, ASP values were found
to be high in 7(70%) overweight and 8(80%) obese dogs
compared to the ASP cut-off value. The reason for the high
blood asprosin value determined in this study is probably due
to stimulation of asprosin production from adipose tissue to
balance the diet-induced energy consumption, which has been
shown to decreases in obesity (Watanabe et al., 2006; Velas-
quez-Mieyer et al., 2003). It should not be forgotten that high
blood asprosin level determined in obese dogs in this study
may also play a role in the development of insulin resistance by
affecting pancreatic functions as described by Jung et al (2019).

Insulin is a hormone produced by pancreatic 8 cells,
and its production is stimulated when blood glucose rises
above 110 mg/dl. It ensutes that circulating glucose is taken
up by cells and used for energy production. In cases where
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blood glucose increases excessively, insulin induce that excess
glucose is stored as glycogen in the liver and muscles (Li et al.,
2021; Mehran and Johnson, 2012; Wondmkun, 2020). Main-
tenance of blood sugar homeostasis depends on the insulin
sensitivity of tissues such as muscle, liver, and fat (Fazakerley
et al., 2019; Petersen and Shulman, 2018). Insulin resistance
is the phenomenon of liver, muscle and fat tissue cells not
responding adequately to insulin. If this situation continues,
insulin resistance develops and this situation ends with type 2
DM. In this case, pancreas begins to produce more insulin to
keep blood sugar balanced. Depending on the degree of insu-
lin resistance, blood insulin level increases while glucose level
is normal/high. Over time, animals with insulin resistance de-
velop complications such as obesity, high blood pressure, high
cholesterol and triglycerides, and low HDLP (Munoz- Prie-
to et al., 2018; Ramos and Castillo, 2020; Wondmkun, 2020).
Type-1 DM may develop in obese dogs when the pancreas
cannot synthesize sufficient amounts of insulin, and insulin
resistance may develop as a result of the pancreas producing
excessive insulin (Petersen and Shulman, 2018). In Type 2 DM
cases, glucose is constantly released from the liver and the
pancreas has to constantly secrete insulin to reduce glucose
(Sung et al. 2010; Villar and Bravo 2022). As a result, hyper-
glycemia, insulin resistance and pancreatic § cell dysfunction
develop (Li et al., 2021; Titchenell et al., 2017). A link between
insulin resistance and obesity has been indicated in studies.
Diet-related energy expenditure decreases in obesity, and this
decrease has been shown to be related to the degree of insulin
resistance (Mehran and Johnson, 2012; Petersen and Shulman,
2018; Watanabe et al., 2000). Insulin resistance accompanied
by hyperinsulinemia reduces diet-induced energy consumption
despite increased appetite and decreased fat oxidation (Kasu-
ga, 2006; Watanabe et al., 2006; Velasquez-Mieyer et al., 2003).
In the current study, hyperinsulinaemia was observed in both
obese and overweight dogs. However, no statistical difference
was detected between glucose values of all the groups. Accord-
ing to the cut-off values, INS and GLU levels increased in 9
(90%) of the obese dogs, while INS and GLU levels increased
in 7 (70%) and 6 (60%) of the overweight dogs, respectively.
It has been reported that plasma insulin levels increase and
glucose levels are normal or high due to the development of
insulin resistance. (Sung et al., 2010; Villar and Bravo, 2022).
Therefore, in this study, more insulin is probably produced by
the pancreas to keep plasma glucose values at normal levels.
Despite insulin resistance, glucose was kept at normal levels in
some dogs, while in others this was not achieved (Sung et al.,
2010; Villar and Bravo, 2022).

Fructosamine and HbA1C are used to monitor changes in
blood glucose levels over the previous days. (Oikonomidis et
al., 2023; Zeugswetter, 2021). According to the updated values
of fructosamine levels in dogs (Idexx), the reference range for
healthy dogs is given as 177-314umol/L. In the present study, a
similar cut-off value was calculated for dogs as 295.5umol/L.
In this study, FRU levels were found to be significantly higher
in obese dogs than in both overweight and ideal weight dogs
(p<0.05). According to cut-off values, FRU values were found
to be high in 4 (40%) overweight and 10 (100%) obese dogs. It
is thought that the number of dogs with increased FRU values
observed in the study is related to the degree of obesity and
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insulin resistance.

Energy metabolism has been reported to be affected in
obese dogs, and in addition to increases in insulin and fruc-
tosamine levels, HOMA-IR level has also been reported to
increase (Ramos and Castillo, 2020; Sung et al., 2020; Villar
and Bravo,2022; Zeugswetter, 2021). HOMA-IR, HOMA-8,
and IGR are suggested to be useful biomarkers in diagnos-
ing insulin resistance and type 2 DM in humans (Imamura et
al., 2013; Sung et al., 2020; Villar and Bravo, 2022). However,
there is no standard cut-off value for HOMA-IR and HO-
MA-8 in both humans and animals, and different values have
been obtained in studies. It is stated that the cut-off value for
HOMA-IR varies between 2.54 and 2.80, and the cut-off value
for HOMA-8 (%) ranged between 72% and 87%. Therefore,
values above 2.5 for HOMA-IR were considered insulin re-
sistance in humans (Chissini et al., 2020; Harbuwono et al,,
2023). Furthermore, HOMA-, below 72-87% is considered
a loss of pancreatic B-cell function, and above this value is
considered an increase in pancreatic B-cell function (Endukuru
et al., 2020; Ghasemi et al., 2015). In the present study, the cut-
off values for HOMA-IR and HOMA-§ (%) were found to
be 2.4 and 60.23%, respectively. HOMA-8 and IGR values of
overweight and obese dogs were determined to be significant-
ly higher than the ideal weight group (p<0.05). Additionally,
HOMA-IR values of obese dogs were higher than ideal weight
dogs (p<<0.01). However, these parameters of obese dogs were
not significantly different from those of overweight dogs. Ac-
cording to the cut-off values, increases in HOMA-IR, HO-
MA-B and IGR values were observed in 9 (90%), 8 (80%) and
7 (70%) dogs in the obese group, respectively. On the other
hand, increases in these parameters were detected in a small-
er number of overweight dogs. Increases in HOMA-IR, HO-
MA-( and IGR levels indicate that more insulin is produced
from pancreatic 3 cells in obese dogs than in the ideal weight
group, but the sensitivity of the cells to insulin decreases. Most
likely, the severity and duration of insulin resistance affects
blood insulin and glucose levels in obese and overweight dogs.

In the present study, very strong correlations were observed
between INS and HOMA-IR, between HOMA-$ and IGR,
between HOMA-IR and HOMA-B and IGR, and between
HOMA-B and IGR in both groups. Similar correlations be-
tween obesity and asprosin, insulin resistance, HOMA-8 and
HOMA-IR have also been reported in obese individuals (Li
et al., 2021; Silistre and Hatipoglu, 2020; Xu et al., 2021). The
existence of strong positive correlations between HOMA-IR,
HOMA-B and IGR reveals that insulin resistance develops in
obese dogs and these parameters can be used in the diagnosis
of insulin resistance in obese dogs.

Increases in INS, ASP, FRU, HOMA-3, HOMA-IR and
IGR values reveal that energy metabolism is also affected in
obese dogs and insulin resistance has developed in some of
obese and overweight dogs. Results of the study indicated that
insulin resistance in obese dogs is more severe than in over-
weight dogs. The possible reason for this is that the severity
and period of obesity affect the development of insulin resis-
tance, as reported in previous studies (Mehran and Johnson,
2012; Petersen and Shulman, 2018; Watanabe et al., 2000).
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CONCLUSION

In the present study, ASP, INS, FRU, HOMA-IR, HOMA-
and IGR values were high in both obese and overweight dogs,
and insulin resistance developed in 60% of overweight and
90% of obese dogs. The existence of strong correlations be-
tween insulin resistance indices such as HOMA-IR, HOMA-3
and IGR, and an increase in INS, FRU and ASP indicated that
these parameters can be used to evaluate insulin resistance in
obese dogs.

DECLARATIONS
Ethics Approval

This study was approved by the Animal Ethics Com-
mittee (AEC), Burdur Mehmet Akif University, Turkiye
(N0:929/2022).

Conflict of Interest
Authors do not have any conflict of interest fort his study.
Consent for Publication

Consent on publication was confirmed with approval from
the Republic of Turkiye Ministry of Agriculture and Forestry,
Directorate of Burdur Provincial (No: E-69877819-325.04.02-
5917267).

Competing Interest

The authors declare that they have no competing interests
Author contribution

Idea, concept and design: HIG, EES

Data collection and analysis: HIG, EES

Drafting of the manuscript: HIG, EES

Critical review: HIG, EES

Data Availability

Not applicable.

Acknowledgements

This research study was supported by Burdur Mehmet Akif
Ersoy University, Scientific Research Projects Coordinator
ship with project number 0854-YL 22.

REFERENCES

Buishand, FO., & Kirpensteijn, J. (2023). Canine and feline
insulinoma. In: E. Monnet (Ed.). Small Animal Soft Tissue
Surgery, (2nd ed., pp.785-797). Balckwell Publishing.

Chissini R.B.C., Kuschnir, M.C., Oliveira, C.L., Giannini,
D.T. & Santos, B. (2020). Cut-off values for HOMA-IR as-
sociated with metabolic syndrome in the Study of Cardiovas-
cular Risk in Adolescents (ERICA Study). Nutrition, 71, 1-5.
https://doi.org/10.1016/j.0ut.2019.110608

Chun, J.L., Bang, H.T,, Ji, S.Y,, Jeong, J.Y., Kim, M., Kim,
B., Lee, S.D,, Lee, YK, Reddy, K.E., & Kim, K.Y. (2019). A
simple method to evaluate body condition score to maintain
the optimal body weight in dogs. Journal of Animal Science
and Technology., 61(6), 366-37. https://doi.org/10.5187/
jast.2019.61.6.366

Duerrschmid, C., He, Y., Wang, C, Li, C., Bournat, J.C,
Romere, C., Saha, PK, Lee, M.E., Phillips, K.J, Jain, M., Jia,
P, Zhao, Z., Farias, M., Wu, Q., Milewicz, D.M., Sutton, V.R.,
Moore, D.D., Butte, N.E, Krashes, M.J., Xu, Y., & Chopra, A.R.
(2017). Asprosin is a centrally acting orexigenic hormone. Na-
ture Medicine, 23(12), 1444-1456. https://doi.org/10.1038/
nm.4432.

Endukuru, CK., Gaur, G.S., Yerrabelli, D., Sahoo, ]. &
Vairappan, B. (2020). Cut-off Values and Clinical Utility of
Surrogate Markers for Insulin Resistance and Beta-Cell Func-
tion to Identify Metabolic Syndrome and Its Components
among Southern Indian Adults. ] Obes Metab Syndr, 29(4),
281-291. https://doi.org/ 10.7570/jomes20071

Fazakerley, D.J., Krycer, J.R., Kearney, A.L., Hocking, S.L.. &
James, D.E. (2019). Muscle and Adipose Tissue Insulin Resis-
tance: Malady without Mechanism? Journal of Lipid Research,
60(10), 1720-1732. https://doi.org/10.1194/j1R087510

Ghasemi, A., Tohidi, M., Derakhshan, A., Hasheminia, M.,
Azizi, F & Hadaegh, F. (2015). Cut-off points of homeostasis
model assessment of insulin resistance, betacell function, and
fasting serum insulin to identify future type 2 diabetes: Tehran
Lipid and Glucose Study. Acta Diabetologica, 52, 905-915.
https://doi.org/ 10.1007/s00592-015-0730-3.

Harbuwono, D.S., Nenfiati, T.D.L., Setiati, S., Yunihastu-
ti, B. & Tarigan, T.J.E. (2023). Defining the optimum HO-
MA-IR cut-off value for insulin resistance among ARV-treated
HIV patients in Indonesia, Diabetes & Metabolic Syndrome:
Clinical Research and Reviews, 17(2), 1-10. https://doi.org/
10.1016/j.dsx.2023.102719.

Imamura, F,, Mukamal, K.J., Meigs, ].B., Luchsinger, J.A., Ix,
J.H., Siscovick, D.S. & Mozaffarian, D. (2013). Risk Factors
for Type 2 Diabetes Mellitus Preceded by 3-Cell Dysfunction,
Insulin Resistance, or Both in Older Adults The Cardiovascu-
lar Health Study. American Journal of Epidemiology, 177(12),
1418-1429. https://doi.org/ 10.1093/aje/kws440.

Jung, T.W,, Kim, H.C., Kim, H.U,, Park, T., Park, J., Kim,
U, Kim, M.K,, & Jeong, J.H. (2019). Asprosin attenuates insu-
lin signaling pathway through PKC8-activated ER stress and
inflammation in skeletal muscle. Journal of Cell Physiolgy,
234(11), 20888-20899. https:/doi.org/ 10.1002/jcp.28694

Kasuga, M. (2000). Insulin resistance and pancreatic § cell
failure. Journal of Clinical Investigations, 116, 1756—1760.
https://doi.org/10.1172/JCI29189

Li, Q., Hagberg, C.E., Cascales, H.S., Lang, S., Hyvonen,
M.T., Salehzadeh, E, Chen, P., Alexandersson, 1., Terezaki,
E., Harms, M.]., Kutschke, M., Arifen, N., Krimer, N., Aoua-
di, M., Knibbe, C., Boucher, J., Thorell, A. & Spalding, K.L.
(2021). Obesity and hyperinsulinemia drive adipocytes to ac-
tivate a cell cycle program and senesce, Nature Medicine, 27,
1941-1953. https://doi.org/10.1038/s41591-021-01501-8.

Marchi, PH., Vendramini, T.H.A., Perini, M.P, Zafalon,
R.VA., Amaral, A R., Ochamotto, V.A., Da Silveira, ].C., Dagli,
M.L.Z. & Brunetto, M.A. (2022). Obesity, inflammation, and

Medit Vet J, 9(3): 364-370, 2024



cancer in dogs: Review and perspectives. Frontiers, 3, 1-16.
https://doi.org/ 10.3389/fvets.2022.1004122.

Mehran, A.E. & Johnson, J.D. (2012). Hyperinsulinemia
Drives Diet-Induced Obesity Independently of Brain Insu-
lin Production. Cell Metabolism, 6(5), 723-737. https://doi.
org/10.1016/j.cmet.2012.10.019

Munoz-Prieto, A., Nielsen, L.R., Dabrowski, R., Bjernvad,
C.R., Soder, J., Lamy, E., Monkeviciene, 1., jubi¢, B.B., Vasiu, L.,
Savic, S., Busato, F.Yilmaz, Z., Bravo-Cantero, A.F., Ohlund,
M., Lucena, S., Zelvyte, S., Aladrovi¢, J., Lopez-Jornet, P, Cal-
din, M., Lavrador, C., Karveliene, B., Mrljak, V., Mazeikiene, J.,
& Tvarijonaviciute, A. (2018). European dog owner percep-
tions of obesity and factors associated with human and canine
obesity. Scientific reports, 8, 1-10. https:/doi.org/10.1038/
$41598-018-31532-0

Naiemian, S., Naeemipour, M., Zarei, M., Najaf, M.L., Go-
hari, A., Behroozikhah, M.R., Heydari, H. & Miri, M. (2020).
Serum concentration of asprosin in new-onset type 2 diabetes.
Diabetology and Metabolic Syndrome, 12(65), 1-8. https://
doi.org/10.1186/s13098-020-00564-w.

Oh, W. (2011). Prevalence and risk factors for obesity in
dogs and cats. In 36th World Small Animal Veterinary Con-
gress, Jeju/Korea. pp: 244-246.

Oikonomidis, I.L., Tsouloufi, T.K., Tzenetidou, Z., Ceron,
J.J., Tvarijonaviciute, A., Konstantinidis, A.O. & Soubasis, N.
(2023). Diagnostic performance of glycated haemoglobin
(HbA1c) for diabetes mellitus in dogs. The Veterinary Journal,
294, 1-6. https://doi.org/10.1016/j.tvjl.2023.105958

Petersen, M.C. & Shulman, G.I. (2018). Mechanisms of
insilin action and insulin resistance. Physiological Reviewes,
(98),2133-2223. https://doi.otg/10.1152/phystev.00063.2017

Preet, G.S., Turkar, S., Gupta, S., & Kumar, S. (2021). Dog
obesity: Epidemiology, risk factors, diagnosis and manage-
ment: A review paper. The Pharma Innovation Journal, 10(5),
698-705.

Ramos, J.R., & Castillo, V. (2020). Evaluation of insulin resis-
tance in overweight and obese dogs. Internal Journal of Veteri-
nary Sciences Reseatch, 6(1), 58-63. https:/doi.org/10.17352/
1jvsr.000055

Romere, C., Duerrschmid, C., Bournat, J., Constable, P,
Jain, M., Xia, K, Saha, PK., Del Solar, M., Zhu, B., York, B.,
Sarkar, P, Rendon, D.A., Gaber, M.W., LeMaire, S.A., Cosel-
li, J.S., Milewicz, D.M., Sutton, V.R., Butte, N.E, Moore, D.D.
& Chopra, A.R. (2016). Asprosin, a Fasting-Induced Glu-
cogenic Protein Hormone. Cell, 165, 566-579. https://doi.
org/10.1016/j.cell.2016.02.063.

Ronja, N., & Kolle, P. (2021). Obesity in dogs-A review of
underlying reasons. Tierarztl Prax Ausg K Kleintiere Heimtie-
re, 49(4), 284-293. https:/doi.org/ 10.1055/a-1548-2293

Silistre, E.S. & Hatipoglu, H.U. (2020). Increased serum cir-
culating asprosin levels in children with obesity. Pediatrics In-
ternational, 62, 467—476. https://doi.org/10.1111/ped.14176

Sarikaya, Gokce

Sung, K.C., Reaven, GM. & Kim, S.H. (2010). Utdility of
Homeostasis Model Assessment of -Cell Function in Pre-
dicting Diabetes in 12,924 Healthy Koreans. Diabetes Care,
33(1), 200-202. https://doi.org/10.2337/dc09-1070

Taguchi, A.L., Wartschow, M. & White, M.I. (2007). Brain
IRS2 signaling coordinates life span and nutrient homeo-
stasis. Science, 317, 369-372. https://doi.org/10.1126/sci-
ence. 1142179

Titchenell, PM., Lazar, M.A. & Birnbaum, M.]. (2017).
Unrevealing the regulation of hepatic metabolism by insu-
lin. Trends in Endocrinology & Metabolism, (28), 497-505.
https://doi.org/10.1016/j.tem.2017.03.003

Velasquez-Mieyer, PA., Cowan, PA., Arheart, K.L., Buff-
ington, C.K., Spencer, K.A., Connelly, BE., Cowan, G.W. &
Lustig, R.H. (2003). Suppression of insulin secretion is asso-
ciated with weight loss and altered macronutrient intake and
preference in a subset of obese adults. International Journal
of Obesity and Related Metabolic Disorders, 27, 219-226.
https://doi.org/10.1038/sj.ij0.802227

Villar, G.F. & Francisco Pérez-Bravo, F. (2022). Analy-
sis of insulin resistance using the non-linear homeostatic
model assessment index in overweight canines. Veterinary
World, 15(6), 1408-1412. https://doi.org/10.14202/vet-
world.2022.1408-1412

Wang, Y., Qu, H., Xiong, X., Qiu, Y., Liao, Y. & Chen, Y.
(2018). Plasma Asprosin Concentrations Are Increased in Indi-
viduals with Glucose Dysregulation and Correlated with Insulin
Resistance and First-phase Insulin Secretion. Mediators of. In-
flammation, 18, 1-7. https://doi.org/10.1155/2018/9471583

Watanabe, T., M. Nomura, K. Nakayasu, T. Kawano, S. &
Ito Y. Nakaya. (20006). Relationships between thermic effect
of food, insulin resistance and autonomic nervous activity.
Journal of Medical Investigation, 53, 153—-158. https://doi.
org/10.2152/jmi.53.153

Williams, K., & Buzhardt, L. (2022). Body condition scores.
Vca Animal hospital. https://vcahospitals.com/know-yout-
pet/body-condition-scores

Wondmkun, T.Y. (2020). Obesity, Insulin Resistance, and
Type 2 Diabetes: Associations and Therapeutic Implications.
Journal of Diabetes, Metabolic Syndrome and Obesity: Tar-
gets and Therapy, 13, 3611-3616. https://doi.org/10.2147/
DMSO.5275898

Xu, C., Zhou, G., Zhao, M., Zhang, X., Fang, L., Guan, Q.,
Zhang, H., Gao, L., Zhang, T. & Zhao, J. (2021). Bidirectional
temporal relationship between obesity and hyperinsulinemia:
longitudinal observation from a Chinese cohort. BM] Open
Diabetes Research & Care, 9, 1-7. https://doi.org/10.1136/
bmjdre-2020-002059

Zeugswetter, EK., Beer, R. & Schwendenwein, 1. (2021).
Evaluation of fructosamine concentration as an index mark-
er for glycaemic control in diabetic dogs, Veterinary Record,

190(2), 1-9. https://doi.otg/10.1002/vetr.244

370

Medit Vet J, 9(3): 364-370, 2024



Medit Vet J, 9(3): 371-376, 2024

DOI: 10.24880/meditvetj. 1611166

Research Article

The effect of diet composition on the digestibility and fecal excretion of trace
minerals in horses

Gilsah Karasu Kaya', Hidir Gumis?

'Van Hall Larenstein University of Applied Sciences, Netherlands
“Department of Animal Nutrition and Nutritional Diseases, Faculty of Veterinary Medicine, Burdur Mehmet Akif Ersoy University, Burdur, Tiirkiye

Key Words: ABSTRACT

g;gciiggﬁ This study investigates the correlation between dietary intake of these trace minerals and their fecal
equine excretion rates, aiming to enhance our understanding of equine mineral metabolism and improve
nutrition dietary recommendations. The criteria for selection included healthy horses aged 4 to 14, weighing

trace mineral

400 to 600 kg, with a good body condition scote (BCS, 3/5) actoss 14 yards in the Netherlands. Data
on yard type, size, and location, as well as horse demographics (age, sex, breed, weight), were colle-
cted. Each horse’s diet was analyzed concerning daily nutritional intake and requirements according

%z‘c,ieslzgd %% g?i:i(gto% to National Research Council (NRC). Fecal samples were randomly collected from stables (n=14)
%Ck?f‘pﬁe% %z §ovemllzer %8%2 for dietary analysis and stored in three labeled jars. Samples, approximately 200 g each, were frozen
Artcle Code . T6i116e 0t at -20°C and later analyzed for cobalt (Co), copper (Cu), manganese (Mn), and zinc (Zn) using indu-
ctively coupled plasma mass spectroscopy (ICP-MS). Among the 14 horses, all were geldings, with
one being a cold blood and another a Welsh pony, while the rest were warmbloods. Their median age
Crisimspaadais was 10 years, mean body weight (BW) 506 *+ 82.3 kg. Most horses grazed, averaging 8.6 £ 8.5 h/day.
G. KARASU KAYA All received commercial concentrate feed, with nine also receiving supplements. Energy intakes va-
(Gulsah kayakarasu@hvhl.nl) ried, with ten horses consuming more than required. Trace mineral intake was classified by the NRC;
two horses had high Cu intake. Manganese intake exceeded NRC recommendations significantly
(618.6 = 125.1 mg vs. 1403.8 = 312.7 mg), while Co intake was 2.3 * 1.6 mg against a requirement
ORCID : , of 0.8 £ 0.2 mg, Manganese exctetion in feces was highest (459.1 £ 386.4 mg/day), followed by Zn
g Ié%l;?US;J KAYA 8883888?%%?8?2 (58.3 £ 46.0 mg), Cu (2.7 £ 3.2 mg), and Co (1.5 * 0.4 mg). This study emphasizes the need for tai-

lored diets to prevent excess mineral intake in horses, which mainly originates from concentrate feed
and supplements. Further research with a larger sample size is necessary for a deeper understanding.

INTRODUCTION to anemia, decreased energy levels, and skeletal abnormalities.
Therefore, ensuring adequate intake of these trace minerals
is imperative for safeguarding equine health and preventing
associated health complications. There exists a positive linear
relationship between dietary mineral intake and fecal excretion
(Coenen, 2013). Supplementation of trace minerals in horse
diets is common practice, yet it often exceeds dietary require-
ments, resulting in elevated fecal excretion rates (Harper et al.,
2009). Studies have shown that higher plasma concentrations
of certain minerals, such as Zn, may not always correlate with
the highest dietary intakes, highlighting the complex dynamics
of mineral metabolism in horses (Cymbaluk and Christensen,
1986). Moreover, the environmental impact of excessive min-
eral excretion in horse manure cannot be overlooked. Minerals
excreted in feces due to oversupply from supplements can dis-
rupt the agricultural cycle, affecting soil health and potentially
contaminating water sources (Hsu et al., 2000). Understand-
ing the mobility of trace minerals in horse manure and their
subsequent impact on the environment is crucial for sustain-
able equine management practices. Consideration of mineral
forms in horse ration formulation is essential, as interactions
between dietary compounds and mineral availability can in-
fluence overall mineral absorption (Kaya Karasu et al., 2018).
While organic trace mineral compounds are often presumed
to offer superior bioavailability compared to inorganic salts,

Maintaining optimal levels of trace minerals is paramount
for the health and performance of horses (Jackson, 1997).
Trace minerals, including Co, Zn, Co, and Mn play indis-
pensable roles in various physiological processes essential for
equine well-being. These encompasses Cu; including proper
coat and hoof health Zn; skin health, wound healing, and im-
mune function Co; the synthesis of vitamin B12 crucial for
energy metabolism and nerve function Mn; contributes to
bone formation, cartilage development, and enzyme function
(NRC, 2007). Despite their significance, achieving and main-
taining the delicate balance of trace minerals in equine diets is
challenging. Horses acquire minerals primarily through their
diet, with excess amounts often excreted through feces (Co-
enen, 2013). This excretion pattern underscores the intricate
relationship between dietary intake and fecal excretion rates,
which can be influenced by factors such as mineral form, in-
teractions among supplemented minerals, and individual vatia-
tions in mineral metabolism. Deficiencies in trace minerals can
have profound implications for equine health. Cu deficiency,
for instance, may manifest as poor coat quality, joint issues,
and anemia, while Zn deficiency can lead to skin problems,
impaired wound healing, and compromised immunity (Balta-
ci et al., 2019). Co and Mn deficiencies similarly contribute
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this assumption remains uncertain in horses. Assessing true
mineral digestibility provides a more accurate estimation of
bioavailability, aiding in the formulation of balanced equine di-
ets. Despite advancements in understanding mineral nutrition
in other species, research specific to horses is limited, particu-
larly regarding the effect of mineral form on availability. Stud-
ies investigating plasma responses to different mineral forms
have shown varying degrees of availability, emphasizing the
need for further research in this area (Wichert et al., 2002).

This study aims to bridge existing knowledge gaps by as-
sessing the correlation between dietary intake of trace minerals
(Co, Cu, Mn, and Zn) in horses and the subsequent excretion
rates observed in feces. By elucidating the relationship between
dietary mineral intake and fecal excretion, this research seeks
to enhance our understanding of equine mineral metabolism,
inform more precise dietary recommendations.

MATERIALS and METHODS

The selection criteria included a healthy horse aged 4 to 14,
a gelding weighing 400 to 600 kg, in good health, and in good
body condition score (BCS, 3/5) in the 14 yards in the Neth-
erlands. Data were gathered regarding geographical location,
yard size (number of horses), yard type, and demographic de-
tails of the horses (body weight (BW), breed, age, and sex).
Each horse’s daily level of activity was recorded, as well as
information about their dietary intake (grazing duration, for-
age intake, concentrate intake, supplements with types, brands,
and quantities). Feces samples were collected from the same
yards, and the ration was calculated for horses.

Ration calculation

The nutritional requirements and total diet of each horse
were assessed based on their daily intake of nutrients. The nu-
trient intake for crude protein (CP), crude fiber (CF), starch,
energy, and micro minerals such as Zn, Co, Mn, and Co were
calculated, an estimate of workload was also calculated and
these data were utilized to compare the estimated intake with
the estimated horse requirements based on National Research
Council recommendation (NRC, 2007). The estimated nutri-
tional content of the pasture and forage given were predicted
using published NRC recommendations (NRC, 2007), while
the data for feed and supplements was based on publicly avail-
able product data. A 500 kg horse was estimated to consume
pastutre dry matter (DM) of 1.2 g DM/kg"” (NRC, 2007). The
pasture DM intake was estimated for the initial 4h at pasture as
1.5 ¢ DM/kg BW/h and for every hour after the initial 4 hours
as09¢ DM/ kg BW/h based on published estimated intakes
(Dowler, 2009).

The metabolizable energy (ME) requirement for horses be-
tween 200 and 800 kg was determined based on the calculation
by Kienzle and Zeyner. (Kienzle and Zeyner, 2010). The ener-
gy requirement calculation included an adjustment for activity
level as classifications “light,” “moderate,” “heavy,” and “very
heavy”(NRC, 2007). The provision of nutrients for energy,
starch, sugar, crude fat, crude protein, energy, crude protein,
and trace minerals for Co, Cu, Mn, and Zn were classified as
low (<90%), normal (90%-110%), and high (>110) of the

requirement compared to the NRC recommendations (NRC,
2007). The mineral intake for trace minerals Co, Cu, Mn, and
Zn by diet minus the requirement, which is defined as “poten-
tial mineral excretion”.

Feces samples collection and analysis

Feces samples were collected as randomly from horse sta-
bles in the Netherlands (n=14) to gather data for dietary plans
and samples for feces as part of their assignments. The fresh
feces samples after horses are defecated immediately collect-
ed without bedding contamination to a minimum. Then com-
posited into 3 disposable sample jars that were kept closed to
prevent moisture loss. Mix the feces with the plastic spoon.
Fill wet feces samples in such a way that all 3 disposable sam-
ple jars numbered as A, B and C. Each jars feces capacity is
approximately 200 g. Placed the samples at —20 °C in the
freezer within a maximum of 3 hours. The selected horses’
feces analyzed trace minerals Co, Cu, Mn, and Zn which were
identified as “actual mineral excretion”. The fecal samples
were homogenized to achieve consistency, and 1 gram of the
sample was weighed to ensure appropriateness for analysis.
The samples were analyzed for minerals for Co, Cu, Mn, and
Zn using inductively coupled plasma mass spectroscopy (ICP-
MS). Total fecal excretion was calculated as a 500 kg horse will
generally produce about 25 kg of manure (feces and urine) per
day which means approximately %5 BW (Westendorf, 2004).

Data Analysis

Plots and descriptive statistics were examined in the ini-
tial analysis of the data. Kolmogorov Smirnov and Levene’s
tests assessed the data’s normal distribution and homogene-
ity, respectively. Data with a normal distribution were shown
as mean Tt standard deviation (SD), while data with a skew
were shown as median and range. Descriptive statistics were
performed on the quantitative data describing percentage re-
sponses with 95% confidence intervals. To determine whether
the relationship between variables was statistically significant,
the chi-squared test and the k-independent test (Kruskal-Wal-
lis) were used. Data were analyzed using SPSS 16.0 (IBM,
2021), with a value of P < 0.05 assumed to be statistically sig-
nificant for all analyses.

RESULTS
Demographics

The horses (n=14) were all geldings. One horse was a cold
blood, one was a Welsh pony, and the remaining horses were
warmbloods. The median age of the population was 10, rang-
ing from 4 to 22 years. Horses” average BW was 506 £ 82.3 kg;
The median BW of the horses was 496.5 kg, The horses were
all in BCS 5/9. The majority of the horses (n=9) were sport
horses, with the remainder being livery yard horses (n=5).

Forage, Concentrate and Supplement intake

Only two horses did not have access to pasture; the rest
were grazing, with an average grazing time of 8.6 £ 8.5 h/day
(range, 2-24). Nine horses were grazed with continuous graz-
ing method while four horses were grazed rotational grazing
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method. Hay (n=11) or haylage (n=4) was fed to all horses.
Hay intake averaged was 9 1.9 haylage was 6.7 + 4.7 kg/d.
All horses received at least one commercial concentrate feed,
with one horse receiving two different commercial concentrate
feeds and four horses receiving three different commercial con-
centrate feeds. The average intake of concentrate feed was 2.5
+ 1.8 kg/d. Nine horses were fed supplements, two of which
received only one supplement, three of which received two sup-
plements, and three of which received three supplements. All
trace minerals in supplements (Zn, Co, Cu, and Mn) were not
chelated. Vitamin-mineral mixtures were the most commonly
used supplement (n=8).

Nutrient Analysis

Horse owners/trainers fed their horses an average of 141.52
+ 25.85 MJ ME/d. The energy intakes varied in compatison to
requirements, 10 horses had higher intakes than required with a
further 1 horse fed under the recommended energy levels, the
rest had optimum intake. The crude protein intake was higher
in 13 of the horses compared to NRC recommendations (NRC,
2007), one horse CP intake was lower than the requirement. The
CP intake was 3.39 + 0.71 g/kg BW. The mean CP requirement
of these horses was 1.79 £ 0.17 g/kg BW on the base of NRC
recommendations (NRC, 2007). The estimated lysine intake was
within the normal range for 11 horses, with the remaining hors-
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es receiving less than recommended (NRC, 2007). Mean CF
intake was 5.7 *+ 1.3 g/kg BW, and crude fat intake was 0.7 £
0.1 g/kg BW, both being within NRC recommendations (NRC,
2007). Mean starch intake was 1.1 £ 0.8 g/kg BW, which is with-
in the NRC recommendation although sugar intake was 2.3 *
0.4 g/kg BW, both of which were high compared to the NRC
recommendations (NRC, 2007).

Potential and measured excretion of trace minerals in feces

The NRC has classified the trace mineral intake as low, nor-
mal, and high groups. Based on these categorizations, five hors-
es maintained a normal Cu intake, while seven hotses had a
low intake, and two horses had a high intake. All horses used in
the research were classified in the high-intake Mn group. Eight
horses were placed in the high-intake Zn group, while the same
number of hotses were classified in both the low-intake and the
normal-intake Zn groups also. The low-intake Co group had no
horses, whereas the normal-intake Co group had one horse, and
the high-intake Co group had thirteen horses (Table 1).

The mean weight of the horse was determined to be 508 kg,
The mean daily weight of the fresh and dry feces was measured
to be 160.3 kg and 4.3 kg, respectively (Table 2). The Cu intake
was lower (146.9 * 83.3 mg) compared to the mean require-
ments of the NRC recommendations (154.6 = 31.3 mg). The

Table 1. Trace minerals intakes (number of horses) of horses and mean values
compared to NRC recommendations (n=14)

Minerals Low intake Normal intake High intake
Cu, mg 7 5 2
Mn, mg - - 14
Zn, mg 3 3 8
Co, mg - 1 13

Low intake <90%; Normal intake 90-110%; High intake >110 of the require-
ment compared to NRC recommendations

Table 2. Average horse manure and feces generated per day (n=14)

Weight of horse (kg) *Manure excretion (kg/day) **Fresh feces (kg/day) Feces (DM) (kg/ day)

(mean * SD) (mean * SD)

(mean * SD) (mean * SD)

508.9 £ 83.0 253 + 4.1

16.3 £ 4.1 43+ 1.6

*005 BW is used for manure excretion; ** %26 DM is used for feces (mean = DM 26.5 * 7.5)

Table 3. Average minerals requirements, intake and calculated minerals excretion per day per horse according to laboratory results (n=14)

*Mean requirement Mean intake

Minerals

Mean excretion by horse per
kg wet feces (with lab results)

Mean excretion by horse feces
per day (with lab results)

(mean * SD) (mean * SD) (mean + SD) (mean * SD)
Cu, mg 154.6 £ 31.3 146.9 + 83.3 0.1+0.1 27+32
Mn, mg 618.6 + 125.1 1403.8 + 312.7 29.5+ 239 459.1 £ 386.4
7Zn, mg 618.6 £ 125.1 755.7 + 316.1 35125 58.3 £ 46.0
Co, mg 0.8+ 0.2 23+ 1.6 0.09 + 0.01 1.5104

*requirement calculated on the base of NRC
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Mn intake was notably higher (618.6 = 125.1 mg) compared to
the mean requirements of the NRC recommendations (1403.8
+ 312.7 mg). The intake of Co was found to be 2.3 = 1.6
mg, whereas Co requirements for horses were 0.8 * 0.2 mg.
Mn excretion (459.1 + 386.4 mg) by horse feces per day was
the highest of the mineral excretions, followed by Zn (58.3
46.0 mg), Cu (2.7 £ 3.2 mg), and Co (1.5 £ 0.4 mg) excretion
(Table 3).

DISCUSSION

In the present study, nutritional factors that could affect the
trace minerals status of horses fecal excretion were evaluated.
There are dietary factors include consumption level (relative
to requirements), intake of other minerals, and intake of sub-
stances that may improve or prevent the mineral’s absorption.
Furthermore, some factors are associated with the mineral
compound used, including its water solubility and chelating
properties. (Kirchgessner, 2004). An oversupply of minerals
from supplements in horse diets, with possible interactions
and interferences (Kaya Karasu et al., 2018), are excreted in
manure (Fowler, 2020) and can have a potentially negative im-
pact on the agricultural cycle. According to National Institute
for Public Health and the Environment (Rijksinstituut voor
Volksgezondheid en Milieu, RIVM) report (Vos and Janssen,
2008), reducing the amount of Cu and Zn leaching from ag-
ricultural soils is particularly challenging in the Netherlands,
although there are no restrictions under Regulation (EU)
2018/848 on the organic production of agricultural goods re-
garding the Cu and Zn content in horse manure (Regulation,
2018). Small changes in daily horse feeding management prac-
tices can have positive impacts on the environment, circular
agriculture, and horses. Improper management of compost
heaps can result in nutrient leaching, raising environmental
concerns such as eutrophication. Moreover, high concentra-
tions of trace minerals like Co, Cu, Mn, and Zn can be toxic to
plants, microorganisms, and aquatic organisms (Nagpal, 2004;
Harford, 2015).

Bioavailability

The bioavailability of a mineral in an animal is a rather elu-
sive entity which may be changing relatively quickly. Factors
which affect bioavailability of minerals relating to the animal
are species, life stage, health and nutritional status. A miner-
al’s bioavailability may be impacted by nutritional status. The
animal’s ability to absorb a mineral may enhance during this
mineral deficiency whereas it may diminish during excessive
intake of this mineral (Kirchgessner, 2004). The bioavailability
of minerals can also be impacted by an excess or deficien-
cy of other nutrients. Several interactions between minerals
such as Several interactions between minerals such as zinc and
copper are commonly assumed to occur in both experimental
and domestic animals. (Mertz, 1986; Meyer and Coenen 2002;
Kirchgessner, 2004). However, few of these interactions have
been confirmed in the target species of horses; they may not
occur at all or may differ slightly. For copper it is likely that
bioavailability plays a highly important role in the horse. There
is no clear consensus on the amounts of copper requirements.
(Meyer et al. 1994; Hintz 1996). Variation of bioavailability of
coppet is an obvious reason for differing evidence on copper

requirements. Zn is an effective Cu antagonist. In the horse,
however, 500 mg of Zn/kg of diet did not have obvious ef-
fects on Cu metabolism (Hoyt et al.,, 1995). Ascorbic acid,
cadmium, iron, and calcium are other potential antagonists
of Cu (Meyer et al., 1994). Dietary factors may influence the
bioavailability of Zn. Various compounds, including Ca, Fe,
and phytate, have been documented as blocking Zn absorption
in other species (Mertz, 19806). There is, however, only one
study on experimental Zn deficiency in the horse and naturally
occurring clinical zinc deficiency has not been unequivocally
described so far in the horse. Excess intake of Fe decreased
plasma and liver zinc content in ponies (Lawrence et al., 1987).

Mineral source

A 500 kg horse produces around 25 kilogram of manure
daily, reaching around 9 tons per year. The manure usually
comprises around 5 kg nitrogen (N), 0.9 kg phosphorus (P),
and 3.6 kg potassium (K) per ton (Annete, 2013). Supple-
menting horses with an excessive amount of trace minerals
that is higher than their requirements which may results in an
increase in fecal output (Harper et al., 2009). However, the
accumulation of trace minerals may lead to environmental
concerns despite being excreted in smaller amounts (Brugger
and Windisch, 2015). Supplementing trace minerals such as
Cu, Mn, Zn, and Co with the diet resulted in an increased loss
of Cu via feces compared to the control diet, which may lead
to raise concerns about water quality (Fowler et al., 2019). In
the current study, five horses remained in the normal-intake
Cu group, seven in the low-intake Cu group, and two in the
high-intake Cu group. The mean intake and mean daily ex-
cretion of Cu were found to be 146.9 and 2.7 mg, respective-
ly. The endogenous Cu losses from feces may be established at
a rate of 35 pg per kilogram of body weight per day (Coenen,
2013). Zn toxicosis is uncommon in horses because large an-
imals generally have a high tolerance for this dietary mineral
(Aragona et al., 2024). Zn use as a feed additive for horses is
subject to legal restrictions in the European Union. The max-
imum amount of Zn allowed for equines’ total diet (with 88%
DM) is 120 mg/kg (PaBlack et al., 2022). Mineral additives are
commonly used in animal feed in excess of the physiologi-
cal requirements in order to prevent deficiencies and improve
animal health. Therefore, this excessive supplementation may
lead to more excretion of trace minerals, resulting in soil and
surface water contamination (Xiong et al., 2023). Fowler et al
(2019) showed that supplementing the diet with organic Zn
resulted in higher levels of Zn in the fecal bacteria. Dietary
strategies that improve gut bacteria’s Zn absorption may help
mitigate the effects of Zn leaching into water systems. The
current study showed that the mean intake of Zn was higher
than the mean requirement of Zn. The mean daily excretion
of Zn in horse feces was 58.3 mg. Considering the excretion
of 5 kg fecal DM per day, Zn losses via feces in horses fed
without additives would be 80 mg/d, but horses fed with ot-
ganic trace mineral supplements would lose 210 mg/d of Zn
or horses fed with inorganic trace minerals would lose 134
mg/d of Zn (Fowler et al., 2019). A minimum daily Mn intake
of 0.3 mg/kg BW is recommended. The amount of feces ex-
creted is directly related to the Mn intake (Coenen et al., 2013).
A study by Fowler et al. (2019a) indicated that the Mn content
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of horse fecal compost was 481.23 mg/kg. The current study
showed that the mean Mn intake was 1403.8 mg, whereas the
mean Mn loss via feces was 459.1 mg. The NRC established
the minimal threshold for horses at 0.05 mg of Co kg/d DM,
which was lower than the 0.1 mg Co/kg DM recommended
in the 1989 NRC guidelines (NRC, 2007). Excessive intake of
Co may disrupt normal organ function and result in thyroid
dysfunction, cardiotoxicity, as well as heart failure (Morkeberg,
2013). A study conducted by Semenza (2003) showed that the
possibility of tumor growth due to excessive being overex-
posed of Co intake. Adequate amounts of Co are necessary
for the microflora in the large intestine’s colon and cecum to
synthesize vitamin B12, or cobalamin. Therefore, a decrease
in vitamin B12 concentrations in the tissues is most likely the
cause of clinical Co deficiency (Mitchell et al., 2007).

CONCLUSION

This study underscores that the examined minerals Zn, Cu,
Co, and Mn were consumed by the horses in quantities sur-
passing their requirements and subsequently excreted in feces.
Given that all horses received concentrate feed and additional
supplements, these excessive mineral sources likely originated
from these dietary components. Thus, individualized diet cal-
culations are crucial to ensure a balanced nutritional intake for
the welfare and health of horses, while also mitigating poten-
tial environmental impacts. To gain a clearer understanding,
further studies with a larger sample size are warranted.
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ABSTRACT

This study was carried out to define the gill parasitic diseases and histopathological findings of sea
bream and sea bass cultured in Turkey. Dead fish suspected of disease that came to the Kanyon
Akua Veterinary Clinic Disease Diagnosis Laboratory between January 2021 and January 2022 were
included in the study. A total of 5,250 fish, including 3,150 sea bass (Dicentrarchus labrax) (D. labrax)
and 2,100 sea breams (Sparus anrata) (S. anrata), weighing between 2-350 g, were used in the study.
After the measurement of total length and weight, samples were divided into groups for patho-
logical and parasitological examinations. Eight different parasites were detected that caused intense
infestation in sea bream and sea bass. Among these, Diplectanum spp., Cryptocaryon spp., Amyloodinium
spp., Trichodina spp., Cryptobia spp., and Costia spp. were seen in sea bass. Parasites seen in sea bream
were Microcotyle spp., Furnestinia spp., Trichodina spp., and Costia spp., Trichodina spp. and Costia spp. were
seen in both sea bass and sea bream. The most common histopathological findings were epithelial
lifting, necrosis, hemorrhage, telangiectasia, lamellar fusion, spills, infiltration of macrophage, lymp-
hocyte and eosinophilic granulated cells. The most common parasitic agent in the field sea bass was
Diplectanum spp. and the most common parasitic agent in sea bream was Microcotyle spp. The highest
mortality (10%) and the severe histopathological lesions were detected in Amyloodininm spp. The
incidence of multiple agents (multi-parasitism) in the cases was higher than the incidence of single

agents.

INTRODUCTION

In recent years, the increasing population and therefore
the need for protein has led to an increase in the demand for
aquatic products. The fact that aquaculture resoutces are not
infinite and efficient use has become a necessity that has led to
the development of sustainable production (Arikan and Aral,
2019; Demir, 2011; FAO, 2018; TAGEM, 2019).

The intensification of aquaculture and the globalization of
seafood trade have led to a remarkable development in the
aquaculture industry. However, the aquaculture industry is also
grappling with disease problems caused by viral, bacterial, fun-
gal, and parasitic pathogens. The most important parasites for
farmed sea bass and/or sea bream are Microcotyle spp., Diplecta-
num spp., Furnestinia spp., Cryptocaryon spp., Amyloodinium spp.,
Trichodina spp., Chilodonella spp., Scuticociliate spp., Epistylis spp.,
Cryptobia spp., and Costia spp (Coban et al., 2020).

Disease outbreaks in aquaculture are becoming more fre-
quent and cause significant mortality rates and economic loss-
es. Therefore, diseases are undoubtedly one of the biggest con-
straints to the profitability and sustainability of aquaculture.
Increasing growth is directly related to the effort to reduce the
gap between supply and demand for fish products. However,
parasitic infections and other related diseases have emerged in
aquaculture systems in many parts of Europe, causing signif-
icant economic losses. Marine wild fish are believed to be the
primary reservoirs of parasite infection for cage-raised fish.
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However, environmental conditions in aquaculture systems
can facilitate disease transmission thereby threatening the pro-
ductivity. (Antonelli et al., 2010, Coban et al., 2020).

The negative effects of gill pathologies caused by gill para-
sites in aquaculture farms are not taken into consideration suf-
ficiently. Fish diseases, which have become increasingly more
complicated in recent years, have created a need for veterinar-
ians to be employed who specialize in fish diseases. Although
there are many studies on gill patasites in our country, the lim-
ited number of studies on their histopathological findings in-
creases the value of our study. The purpose of our study was
to diagnose and reveal the histopathology of gill parasites seen
in sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax)
cultured in Turkey.

MATERIALS and METHODS
Study site

Dead fish samples with suspicion of disease were used in
the study which were brought to the disease diagnosis labora-
tory of Kanyon Akua Veterinary Clinic between January 2021
and January 2022. In the study, a total of 5,250 fish weighing
between 2-350 g were used, 3,150 of these were sea bass (D.
labrax) and 2,100 were sea bream (. aurata). After the total
length and weight of the samples were measured, they were
divided into groups for pathological and parasitological exam-
inations.
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Pathological Examination

Approximately 2-3 transverse sections were made on fish
weighing between 2-5 g, Gills were fixed in 10% buffered for-
malin solution. All gill arches of fish larger than 5 g were re-
moved and fixed in 10% buffered formalin solution and routi-
nely processed for histological examination (graduated alcohol
series and xylene) and by embedding in paraffin wax to use for
histopathologic evaluations. A five pm thick section was tak-
en from the tissues, which were routinely monitored on an au-
tomatic tissue tracking device (Leica TP 1020) and deparaffini-
zed in xylene, treated in graduated alcohol series respectively.
All sections were stained with hematoxylin-ecosin (HxE) and
examined under a light microscope (Olympus BX 51) (Culling
et al., 1985; Roberts, 2012).

Parasitological Excamination

Preparations were prepared by taking scrapings from the
right gill arches of fish that had just died and were sent to the
laboratory. The left gill arches were removed separately and
placed in petri dishes containing sterile sea water. It was quick-
ly examined under stereo and light microscopes. Identification
of parasites seen in gills was made based on morphological cri-
teria. Only protozoan parasites were photographed by apply-
ing Giemsa stain (Lom, 1958; Roberts, 2012; Stoskopf, 1993).

‘L

Figure 1. A) duﬂ,eg—Baring (arrow) Microcotyle spp. in native examination. Seabream. B)

RESULTS

The most common parasitic agent in the sea bass in the
field was Diplectanum spp. and the most common parasitic
agent in seabream was Microcotyle spp. Severe histopathological
lesions with the highest mortality (10%) were detected in the
Ampyloodininm spp species. The most observed histopathological
findings were desquamation, hyperplasia, epithelial lifting and
hyperemia in the lamellar epithelium. The incidence of multi-
ple factors (multiparasitism) was higher than the incidence of
single agents in the cases. Since the sample was sent as soon
as the disease was detected, no severe pathological conditions
were encountered.

Microcotyle spp. was detected extensively in seabream weigh-
ing between 20-350 g in June-July-August. Mortality remained
at 6% with epitheliocyst cases. Among 2,100 sea breams, 650
breams had the Microcotyle spp. As a clinical finding, severe ane-
mia with the color of the gills changing to white was observed.
In the native examination of gills, adult individuals were seen
in the lower part of the body, penetrating the gill epithelium
with their opisthaptors, having eggs in their ovaries (Figure
1A), and releasing their eggs into the environment. In micro-
scopic examination, parasite sections with epitheliocysts were
seen in the gill filaments. In the lamellae containing the par-
asites, pressure, epithelial lifting, hyperplasia, lamellar fusion,
and epithelial desquamation were observed (Figures 2A and

Amyloodinium spp. parasites (arrow) and the co-occurring Diplectanum spp. infestation. Seabass.
C) Specific haptor (arrow) and 4 eyespots on the back of the Furnestinia spp. parasite. sea bream
D) Pear-shaped Amyloodinium spp. agent in the trophont stage. Seabass. E) Amyloodinium spp.
agent in the trophont stage. Seabass. Giemsa. Bar=40 pm. F) Distinctive appearance of hooked
teeth of Trichodina spp. with Giemsa stain. Seabass. Giemsa. Bar=100 pum.

=

3): 377-384, 2024

Medit Vet J, 9



Dereli, Ozsoy

A A i 4= il AN
Figure 2. A) Epithelial lifting in (star), Epitheliocyst spp. factors (arrow) and
Microcotyle spp. attached to the filaments with their opisthaptors. Seabream HxE. Bar=10 pum.
B) Microcotyle spp. (arrow) and eggs (star) attached to the gill filaments by their opisthaptors
and carrying eggs. seabream HxE. Bar=10 um. C) Intense hyperemia (arrow) and epithelial
lifting (asterisk) caused by Diplectanum spp. in the penetration area. HxE. Bar=100 um. D)
Amyloodinium spp. trophonts penetrated between the secondary lamellae, Desquamative
epithelial cells (arrow). Seabass. HXE. Bar=20 pm. E) Amyloodinium spp. and Diplectanum spp.
parasites causing intense hyperemia (asterisk) in the primary lamella and epithelial lifting (arrow)
in the secondary lamellae. Seabass. HxE. Bar=40 um. F) Amyloodinium spp. and Trichodina spp.
parasites causing desquamation (arrow) and hyperemia (asterisk) in secondary lamellar epithelium.

Seabass HxE. Bar=40 um.

Diplectanum spp. parasite was detected especially in seabass
between 10-100 grams in July-August. Mortality remained at
3%, except for cases associated with Amyloodininm spp. Among
3,150 sea basses, 550 sea basses had the Diplectanum spp.. As a
clinical finding, increased mucus secretion and petechial bleed-
ing were observed in the gills. Native examination revealed
individuals with 4 eye spots (Figure 1B). In microscopic exam-
ination, hyperplasia, hyperemia, hemorrhages, telangiectasia,
epithelial lifting (Figure 2C and 2E), fusion, and necrosis were
observed in the gill epithelium.

Furnestinia spp. was detected in seabream weighing between
2-100 g in October-November. Mortality remained at 0.5%
except for cases with epitheliocyst. Among 2,100 seabreams,
400 breams had the Furnestinia spp. As a clinical finding, no
changes were seen in the gills. In the native examination of
gills, around-cup-shaped haptor and 4 eyespots were seen on
the back of its body, which are unique to the parasite (Figure
1 C). Histopathologically, cysts in the secondary lamellae, epi-
thelial shedding, hyperplasia, fusion were observed in cases ac-
companied by epitheliocyst, and macrophage, lymphocyte and
cosinophilic granulated cell infiltrates were observed in cases
presenting alone.

Cryptocaryon spp. was detected in August, especially in seabass
between 5-200 grams. Mortality remained at 2%. Among 3,150
sea basses, 350 sea basses had the Cryptocaryon spp. parasite.
As a clinical finding, pale white color, mild anemia and mucus
in the gills were observed. Native examination of the gills re-
vealed single or paired parasites with a 4-part macronucleus
and peripheral cilia covering the entire body. Histopatholog-
ically, single or double factors embedded in the filament bot-
toms, epithelial lifting in gill epithelium, shedding in epithelial
cells, increase in mucus cell size and number, necrosis, hyper-
emia, hemorrhage, and hyperplasia was seen.

Ampyloodininm spp. parasite was detected especially in seabass
between 20-250 gin April-May-June-July-August. Mortality re-
mained at 10%. Among 3,150 sea basses, 500 sea basses had
the Awmyloodininm spp. As a clinical finding, bleeding and small
blisters were observed in the gills. In the native examination of
gills, pear-shaped trophont (Figures 1D and 1E), cystic tomont
and motile dinospore forms of the parasite were observed.
Histopathological examination revealed shedding of the gill
epithelium, gill hyperplasia, epithelial lifting, macrophage, lym-
phocyte and eosinophilic granule cell infiltrates, intense hyper-
emia, and hemorrhage (Figures 2D and 2F).
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Trichodina spp. was detected in June-July, especially in sea bass
weighing 2-100 g and sea bream weighing 5-50 g. Mortality was
around 3% in sea bass and 2% in sea bream. Among 3,150 sea
basses, 550 sea basses and among 2,100 sea breams, 500 sea
breams had the Trichodina spp parasite. As a clinical finding, ep-
ithelial lifting and regional bleeding were observed in the gills.
In the native examination of gills, circle-saucer shaped para-
sites with a horseshoe-shaped macronucleus, hooked teeth and
ciliary spiral were seen (Figure 1F). Histopathological exam-
ination revealed shedding, hyperemia, epithelial lifting, hyper-
plasia, and fusion in the secondary lamellar epithelium (2F).

Cryptobia spp. was detected in all months of the year, espe-
cially in sea bass between 2-200 g. Mortality was around 1% in
sea bass weighing 2-10 grams. Among 3,150 sea basses, 400
sea basses had the Cryptobia spp. parasite. As a clinical finding,
an increase in mucus was observed in the gills. In the native ex-
amination of gills, Trypanoplasma parasites with a triangle-like
shape, a wavy membrane, and two flagella facing the opposite
direction were seen. Histopathological examination revealed
shedding, hemorrhage, mild epithelial lifting, and hyperplasia
in the gill epithelium.

Costia spp. was detected especially in sea bass between 10-
350 g and sea bream between 25-200 g in April-May-June.
Mortality was around 2% in sea bass. Since it was seen togeth-
er with Flexzbacter spp. in sea bream, this rate remained at 5.5%.
Costia spp. parasite was observed in 300 of 3,150 sea basses
and 150 of 2,100 sea breams. Any clinical changes were ob-
served in the gills of the sea bass. Necrotic white areas caused
by Flexibacter spp. were observed in sea bream. In the native
examination of gills, oval-comma-shaped parasites with two
flagella of different sizes in the same direction were observed.
Histopathologically, loss of gill filaments, epithelial lifting, and
hyperemia were observed in the seabass. As for seabream, in
addition, necrosis and Hexibacter spp. bacteria were seen.

DISCUSSION
Microcotyle spp.

According to Alvarez-Pellitero (2004), Vagianou et al.
(20006), it is a monogenean gill parasite specific to Sparus anrata
fish and has caused deaths when contacted with a high prev-
alence (61.5%) in fish cages. Researchers reported that it was
isolated from both wild sea bream (Faisal and Imam, 1990;
Rajdukovic and Euzet, 1989) and cultured sea bream (Mladi-
neo and Marsic-Lucic, 2007). In our study, 6% mortality was
recorded by isolating only from bream fish. From all fish M-
crocotyle spp. and Epitheliocyst spp. was also both isolated. The
mortality rate, determined as 6%, included two factors togeth-
er. The cause of death in fish infested with Microcotyle species
was determined to be anemia (Sitja-Bobadilla and Alvarez-Pel-
litero, 2009). Throughout the study, Microcotyle spp. intense
anemia and a pure white color prevailed in the gills of sea
bream. While investigating the histopathology of infestation,
attention has been drawn to the shortening of lamellae and
the proliferation of epithelial tissue resulting in fusion of sec-
ondary lamellae and an increase in chloride cells (Sitja-Boba-
dilla and Alvarez-Pellitero, 2009). Microcotyle spp. caused severe
pathogenicity, including systemic anemia, fusion of lamellae,

El

and shedding of gill epithelium, even at densities of 8 parasites
per gill arch (Mahmoud et al., 2014). In our study, pressure was
observed in the gill epithelium in the lamellae where the para-
site opisthaptors were attached, epithelial lifting in the lamellae
where the parasites were present, necrosis in the epithelium,
lamellar fusion, and shedding of the epithelium. Microcotyle spp.
secondary infections caused by other parasites and bacteria are
common in sea bream infested with sea bream (Cruz Silva et
al., 1997).

Diplectanum spp.

In heavy infestations of Diplectanum seen in the spring
months of each year, it causes a loss of 5-10% of the annual
fry stock (Wagener (1857). In this study, it was seen in July-Au-
gust and caused a loss of 3%. Llewellyn (1957) reported that;
parasites are commonly found in the middle and apical parts
of the lamellae. The attachment of the parasites to the gill
epithelium of the host is provided by the dorsal and ventral
spines of the squamodiscs and the hamuli penetrating deep
into the epithelial cells, and they have 4 eyespots. In the pres-
ent study, it was determined that Diplectanum spp. was seen sin-
gly or in clusters. The 4 eyespots were one of the most import-
ant features used in diagnosis. Oliver (1968) reported that the
most common pathological findings in D. aequans infestations
were hyperplasia and hemorrhages. Gonzalez-Lanza et al
(1991) also reported that leukocyte infiltrates were observed.
In gills infested with Diplectanum spp., excessive mucus hyperse-
cretion, hemorrhage and swelling, especially in the apical parts
of the secondary gill lamellae were observed. Compared to
non-infested fish, higher numbers of mucus cells (MC) and
rodlet cells (RC) were observed in infested gills. (Oliver 1968,
Yardimci and Pekmezci 2012). However, in our study, a high
number of mucus and rodlet cells could not be observed.

Furnestinia spp.

It has been reported that the most common example in sea
bream is Furnestinia echeneis from the Diplectanid family (Des-
devises, 2001). In the present study, the factor was found only
in sea bream. Oliver (1982) reported that, the highest density
was recorded in autumn and the lowest values were recorded
in spring. During periods when the water temperature dropped
to 13°C, a weakening of the fish’s immune system was ob-
served. It has been stated that this situation causes a rapid in-
crease in the parasite population (Oliver, 1982). In our study,
parasites were found in October and November. High mortal-
ity rates due to this Monogenean parasite have been recorded
in countries such as Spain, Italy, and Greece (Reversat et al.,
1992; Silan et al., 1985). In our study, a high mortality rate was
not observed, the rate was determined as 0.5%. It was report-
ed that all fish examined did not show any macroscopic symp-
toms and were in good general health (Antonelli et al., 2010).
flammatory reactions, cell infiltration and epithelial hyperpla-
sia were observed in the lamellac of the connecting parts of
the haptor of the parasite (Roubal, 1989). In our study, in cases
with epitheliocyst, cysts and fusion in the secondary lamellae
whereas, in cases where the Furnestinia spp. disease progressed
alone, only macrophage, lymphocyte and eosinophilic granu-
lated cell infiltrates were observed.

Medit Vet J, 9(3): 377-384, 2024



Cryptocaryon spp.

Lom (1984) has been reported that Cryptocaryon irritants,
which causes white patches on the skin, are slightly smaller
than Ich and therefore appear as slightly smaller nodules. Stud-
ies have found that infested skin looks like salt has been sprin-
kled on it. It has been stated that skin lesions appear more
like multifocal white spots and sometimes as discrete white
spots. In our study, no macroscopic findings were found in the
sea bass that came to our laboratory. In histopathological sec-
tions, it was observed that it had a granular macronucleus with
abundant cytoplasm, consisting of four interconnected bead-
like sections. Multigranular macronuclei were seen in native
examinations. Studies have stated that native gill examination
or skin scraping is performed to detect the trophont stage of
Ich (Yanong, 2009). In the present study, a horseshoe-shaped
macronucleus was seen in both native examinations and his-
topathological sections. It has been observed that both types
of Ich show a slow rotational movement originating from pe-
ripheral cilia (Yanong, 2009). In our study, it was observed that
Cryptocaryon spp. were not yet dead and were slowly rotating
around themselves with their cilia in the smears prepared from
the gills of dead fish. With this finding, it was thought to be a
late-dying ciliate. In studies, ich parasites caused damage to the
host by initiating a hyperplastic host response in the gills and
skin they invaded. During the trophont stage, ruptures in the
gill and skin epithelium, loss of skin integrity, and respiratory
distress in the gills due to osmotic stress were observed. Any
deterioration in skin integrity and any change found macro-
scopically in the gills However, the shedding seen in the gill
epithelium in histopathological sections was considered as the
initial stage of these findings. Embedded parasite trophonts
accompanied by granulomatous inflammation were observed
at the tips of the gills of seabass and seabream infested with
Cryptocaryon irritans. The presence of trophozoites has also
been reported between the skin and muscle bundles of infest-
ed fish (Khalil et al., 2018). In our study, this parasite was not
found in seabream. In seabass, trophozoites were seen in all
parts of the gills, not just the tips.

Amyloodininm spp.

Amyloodininm spp., which is widespread all over the world.
Infestation has been reported to be one of the most important
diseases of warm water marine fish (Noga and Levy, 2006). In
our study, this parasite was seen especially in sea bass reared in
earthen ponds. The optimum temperature for most isolates is
between 23-27°C. In the studies conducted, Amyloodininn spp.
the factors caused infestation in salinities varying between 3-45
ppt. It has been stated that Red Sea isolates do not divide be-
low 12 ppt salinity, outbreaks in the Gulf of Mexico are gener-
ally seen at 3 ppt salinity, and Australian outbreaks are seen at
5 ppt salinity. Salinity tolerance decreased at low temperatures
(Paperna, 1984). In our study, the fact that this parasite was
more common in soil ponds producing at low salinity levels
supported the researchers’ data. Guerra Santos et al. (2012)
has reported that hemorrhage and inflammation occur in the
gill filaments. Acute pathological changes include increased
mucus secretion and decreased respiratory surface, resulting in
difficulty breathing. In histopathological examinations, it was
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determined that the parasites attached to the filaments between
the lamellae caused varying degrees of epithelial hyperplasia,
hypertrophy in the primary and secondary lamellae, vacuoliza-
tion in the lamellar epithelium, and fusion in the secondary
lamellae. In addition, vacuolar degeneration, loss of epithelial
tissue integrity, hyperplasia of secondary lamellae, fusion of
secondary lamellae and necrosis were observed. Clinical symp-
toms have been reported to include anorexia, irregular and diz-
zy swimming at the surface, emaciation, and hyperventilation
(Abreu et al.,, 2005; Francis and Floyd, 2011). In our study,
acute deaths were observed at a rate of 10%. Any examina-
tion of the skin was performed, but macroscopically, bleeding
was observed in the gills. Histopathological sections showed
different forms of parasites, hyperplasia, epithelial shedding,
epithelial lifting, bleeding, macrophage, lymphocyte, and eo-
sinophilic granule cell infiltration.

Trichodina spp.

Trichodina spp. has been reported to be a parasite that in-
fests many marine or freshwater fish. It has been observed that
many species cause infestation of both skin and gills (Basson
and Van, 2006). In the presented study, it was seen in both
sea bream and sea bass. It has been stated that trichodinids
are motile ciliates characterized by a body covered with a thin
membrane surrounded by an adoral ciliary spiral, a horse-
shoe-shaped macronucleus, and the presence of an adhesive
disc equipped with a ring of denticles (Basson and Van, 2000).
It has been emphasized that the parasite appears as a saucer
from above and as a circle, dome or hat when viewed from the
side, that the cilia surround the entire body, that when viewed
from above the parasite has a hooked part called a toothed
ring, and that it characteristically rotates quickly around it-
self and exhibits a scooping movement (Noga, 2010; Zhao).
and Thong, 2011). In our study, specific for Trichodina spp. in
smears and histopathological sections; macronucleus, dendrit-
ic ring, rotational movement, and dome shape were observed.
Trichodina infestation has been observed to be a relatively mild-
er disease than other parasitic infestations, resulting in chronic
morbidity or mortality (Hoffmann, 1999). However, in some
cases it has caused significant losses, especially in young fish.
No obvious macroscopic findings were observed in infected
fish and mortality was reported to be low. It has been deter-
mined that the parasites damage the epithelial tissue in the ar-
eas they irritate with their adhesive discs and cause hyperplasia
in the gill tissue. Excessive mucus production has also been
observed in infested skin. According to Basson and Van As
(2006), a Trichodina spp. is tightly attached to the surface of
epithelial cells. Connection and rotation movements caused
serious damage and destruction to the epithelial or epidermal
cells of the fish. In acute infestations, ulcers, subepithelial epi-
thelial lifting, hyperplasia of secondary lamellaec and mononu-
clear cell infiltrates were observed. In chronic infestations, an
increase in the mucus cells of the gill epithelium and filaments,
partial or complete fusion of secondary lamellae, hyperplasia,
inflammatory infiltration, and gill necrosis have been observed
(Valladoé et al., 2013). In this study, histopathologically; shed-
ding and damage, hyperplasia, epithelial lifting, and fusion
were observed in secondary lamellar epithelial cells.
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Cryptobia spp.

Cryptobia spp. were identified by examining native prepara-
tions from skin and gills under a microscope (Kozloff, 2004).
Due to the similarity between Cryptobia spp. and Costia spp.;
flagella, length of the parasite, body width, nucleus diameter,
and cell shape are important for differential diagnosis. It has
been determined that the observation of a ripple-like tenden-
cy and contraction movement in the flagella differs from the
circular movements of Costza spp. Kuperman et al. (2002) sug-
gested that the parasite does not invade host cells during the
attachment process and does not cause pathological changes.
However, in highly infested juvenile fish, causes such as in-
creased mucus production, epithelial lifting and necrosis in gill
filaments were directly related to the decrease in respiration.
In our study, any parasites were found in seabass weighing be-
tween 2-200 g Mortality occurred at a rate of 1%, only in
juvenile seabass weighing between 2-10 g. Histopathological-
ly, shedding, epithelial lifting, slight bleeding and hyperplasia
were observed in the gill filament epithelium.

Costia spp.

It has been stated that Ichthyobodo necator (Costia necatrix) is
one of the smallest ectoparasites that infect fish, being the
size of an erythrocyte. Noga (2010) reported that Ichthyobodo
agents have been shown to be especially dangerous for young
fish, attacking healthy fry and eggs, and being a stress factor in
larger fish. It has been reported that Ichthyobodo necator causes
disease in a wide temperature range (2-30°C), causing intense
mortality in warm water fish by causing infestations mostly at
temperatures below 25°C or above 30°C. It has been report-
ed to be found in the skin and gills of infested fish. In our
study, parasites were observed in seabass between 10-350 g
and seabream between 25-200 g. No species specificity was
observed. Costia spp. Infested samples were obtained in April-
May-June.

Ichthyobodo spp

It has been reported that Ichthyobodo spp. can sometimes
cause death with very few pathological findings, and tissue
irritation also causes epithelial hyperplasia and increased mu-
cus production (Isaksen, 2013; Lom and Dykova, 1992; Todal
et al., 2004). In our study, a mortality rate of 2% was found
in sea bass and 5.5% in sea bream. It was thought that the
reason for the higher mortality rate in sea bream than in sea
bass might be Flexibacter spp. infection. Fish that were with in-
tense infestation, vacuolar degeneration, intense hyperplasia
of goblet cells and a spongiosis appearance were observed to
predominate. It has been reported that epidermis cells lose
their cell membranes and begin to shed, and although there is
infection in the gill filaments, there is no obvious pathological
change (Yardimei et al., 2016). Urawa et al. (1998) showed that;
mild inflammatory symptoms on the ventral body surface in
fish weighing between 226-463 grams. Erosion and bleeding
caused by unidentifiable secondary bacterial infection also at-
tracted attention. In the presented study, only epithelial lifting
and epidermal erosion were observed in seabass in histopatho-
logical preparations, while in addition. necrotic changes were
observed in the area due to rod-shaped bacteria Flexibacter spp.

infection.
CONCLUSION

For early diagnosis of parasitic diseases, a sufficient number
of samples should be taken from suspicious fish and examined
as soon as possible. Duration is also a critical factor for the
proliferation of parasites. However, classical methods are used
as a diagnostic method and there is no different diagnostic
method. There are various methods used for the treatment of
parasites in the field. Applications may vary depending on the
parasite type, size and family. For example, garlic extract feed
additive products work for Monogeneans. For smaller ciliate
and flagellate parasites, bath applications such as formaldehyde
and oxygen peroxide are effective instead of oral treatment.
Copper sulfate bath or copper plate is used specifically for the
Amyloodininm spp. parasite. In the study, native examination,
native examination after Giemsa staining and examination of
histopathological sections were performed using light micros-
copy. It was deemed sufficient for species determination and
description of histopathological findings. However, electron
microscopy can be used for further research and studies. Our
work, consists of data obtained by examining the parasitic dis-
eases seen in sea bream and sea bass fish farmed in the Milas
region for a period of one year. It is important as it is the first
comprehensive study to use the histopathology method for sea
bream and sea bass parasites in our country. Although there
are many studies on gill parasites in our country, the limited
number of studies on their histopathological findings increas-
es the value of our study. For future studies, different geo-
graphic regions, different fish species, longer sample collection
time and larger numbers of fish, and electron microscopy may

be used.
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ABSTRACT

An ideal horse should possess a limb conformation that enhances athletic capabilities and adjusts
to varying loads. The structure of the limbs greatly influences a horse’s performance and overall
success. The study aimed to identify the limb conformations of Thoroughbreds across vatious age
groups through quantitative assessments. Limb conformation data were captured from the horse’s
front, left side, and rear using simultaneous photographs. Simultaneous photography ensured that
snapshots of the horse were consistent, with no variations between photographs caused by move-
ment. The limb conformation of 137 Thoroughbred horses was assessed recording measurements
of limb length, and angles at ages 6, 12, 18, 24, 36, and 48 months. From 6 to 36 months, the heights
of withers and croups increased consistently, with the most significant growth occurring within the
first 24 months. Forelimb length saw notable increases from 6 to 24 months in both genders, but
the growth between 24 and 48 months was not significant. The angle of the front fetlock was strai-
ghtest in the 6-month-old group, decreasing to mature levels after 12 months. The findings indicate
that the croups of horses were higher than their withers across all assessed ages, potentially altering
the horse’s center of gravity and placing more stress on the forelimbs. The ratio of distal extremity
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lengths to total leg length increased with age.

INTRODUCTION

The concept of conformation in horses, referring to their
overall body shape and structutre, has been a subject of in-
terest dating back to the eatliest documented analysis by the
Greek historian and philosopher Xenophon (430-354 BC).
The evolution of this interest has led to extensive research
exploring the correlation between a horse’s physical attributes
and its performance capabilities. Conformation is often intet-
preted as the interplay between form and function, suggesting
a link between a horse’s physical appearance and its potential
for athletic performance (Hedge and Wagoner, 2004). This re-
lationship extends to the selection process in breeding, where
both conformation and behavioral traits are considered sig-
nificant factors (Van Weeren and Denoix, 20006). In the con-
text of racehorse breeding, specific body structure traits are
pivotal for selection, emphasizing the need for breeding pro-
grams to prioritize structural characteristics conducive to high
athletic performance (Jakubec et al., 2009; Belloy and Bathe,
1996). The establishment of evaluation criteria for a horse’s
body structure is vital, aiming at identifying the ideal traits that
enhance athletic abilities (Belloy and Bathe, 1996). Moreover,
recognizing age-related morphological changes is fundamental
to understanding the potential for disabilities in horses. The
goal of conformation assessments is to meticulously analyze
the body’s measurements, such as lengths and angular values,

To cite this article:

to delineate the synergistic relationships among various body
parts (Hedge and Wagoner, 2004; Yildirim, 2014). Such as-
sessments are essential for elucidating the connection between
conformation and performance in sport horses, which re-
mains a critical area of research (Moore, 2010). Furthermore,
a lack of understanding regarding the impact of conformation
on health and performance can lead to suboptimal decisions in
horse selection (Sanchez et al., 2013).

Clinical experiences have shown a link between abnormali-
ties in the limbs and specific diseases of the locomotor system
in sport horses (Dolvik and Klemetsdal, 1999; Smith et al.,
2006; Van Weeren and Denoix, 2006). Assessing conforma-
tion is crucial for evaluating the musculoskeletal health, bal-
ance, and athletic capabilities of thoroughbreds (Harris, 1993;
Bakhtiari and Heshmat, 2009). Objective assessment of con-
formation requires the collection of quantitative data, eg limb
measurements.

Measurements can be directly taken on the animal, yet fully
preventing movement during this process is challenging. The
horse’s movement during or between measurements can lead
to varied results. Therefore, despite reliance on direct obser-
vation in conformation research, photograph-based measure-
ments are often preferred. Photographic methods enable var-
ious individuals to conduct measurements at different times,
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ensuring consistency. This approach has been widely utilized
and supported by numerous studies in the field (Fedorski and
Pikula, 1988; Delahunty et al., 1991; Stover, 2003; Kavazis and
Ott, 2003; Anderson and Mcllwraith, 2004; Mawdsley et al.,
1996; Yidirim and Erden, 2023).

The conformation of a racehorse’s body and limbs signifi-
cantly impacts its health and performance (Anderson et al.,
2004). Investigating the limb structures of horses across dif-
ferent age groups can enhance our understanding of these
correlations. This study is designed to analyze the limb con-
formation of Thoroughbred horses in various age groups us-
ing morphometric measurements. The findings are anticipated
to deepen our knowledge of how limb structures in horses
evolve with age and gender, and how conformation in horses
changes with age and gender, and how these changes may in-
fluence the risk of injury.

MATERIALS and METHODS
Study Population

All horses involved in this study were thoroughbreds born
in Turkiye, specifically bred for flat racing and listed in the
racing pedigree. Rigorous screening was conducted to exclude
any horses with visible injuries or abnormalities in their mus-
culoskeletal systems. Additionally, a thorough visual inspection
ensured the absence of conformational defects in the hors-
es’ bodies and limbs. From an initial pool of 300, 137 horses
were deemed suitable for the study. The younger horses, aged
6—18 months, were sourced from stud farms located in Izmir.
The older group, aged 24-48 months, consisted of horses that
had participated in flat races held by the Turkish Jockey Club
at the Izmir Sirinyer Hippodrome. Rather than continuously
monitoring the developmental progress of the same horses
throughout the study, we opted for a population comprising
various horses. This decision was made to address time lim-
itations. However, it remained essential that all horses within
the same age group were reared on the same farm, adhering to
identical care conditions.

The structure of a horse’s hooves significantly impacts limb
conformation. Standardizing this variable was crucial. In Ttr-
kiye, Turkish Jockey Club grants licenses to farriers responsi-
ble for hoof care. As a result, consistent monthly hoof care
practices were established, effectively eliminating variations
arising from differences in nail structure.

The descriptive age and gender characteristics of the horses
included in the study are presented in Table 1.

Photographs Characteristic

For the photo session, the horses were positioned on a level
surface and maintained in the correct posture by the support
staff. Proper posture is defined as the horse standing with all
four feet evenly on the ground, limbs positioned naturally, and
the head oriented forward. Each horse was photographed on a
stable, flat surface. Once the horses were properly positioned,
three photos were taken simultaneously from the left, front,
and rear using Canon EOS 350D digital cameras, set to a res-
olution of 4752x3168 dpi. This approach follows the meth-
ods used in previous studies (Anderson and Mcllwraith, 2004;
Sadek et al., 2006), ensuring consistency in the photograph-
ic documentation of the horses’ conformation. The cameras
were set up on tripods positioned three meters from the horse
and at a height of 0.9 meters, as shown in Figure 1.

In the context of photographing horses, specific guide-
lines were followed to ensure consistent and accurate mea-
surements. These guidelines were crucial for maintaining
uniformity across all images. The left side of the horse was
aligned perpendicular to the camera. The horse itself stood
squarely relative to the camera. Both the left forelimb and hind
limb were positioned as vertically as possible concerning the
ground. The horse was centered within the frame. Photogra-
phers maintained perfect parallel alignhment with the horse’s
horizontal axis. The camera was positioned just behind the
horse’s center of gravity (specifically, the 9th to 11th costal
part) along the lateral thoracic wall. Importantly, the camera
was neither higher, lower, nor offset forward or backward
from this position. The photographer ensured that the camera
was exactly at the midpoint between the two forelimbs or hind
limbs. All photographs adhered to the same distance, height,
and focus settings. This consistency allowed for standardized
images of both upper and lower extremities. As long as this
measurement technique remains consistent, the resulting val-
ues will be repeatable.

A radio-frequency remote control facilitated the synchro-
nized operation of the three cameras. To ensure the photo-
graphs accurately reflected the horse’s true size, the lengths of
Mc3 (the third metacarpal bone) and Mt3 (the third metatarsal
bone) on the left front and hind legs, respectively, were mea-
sured and noted. Once the images were uploaded to a com-
puter, calibration was performed using the Mc3 measurements
for the forelimbs and the Mt3 measurements for the hind
limbs. This calibration process, along with all measurements,
was conducted using the Vet Eickemeyer® Medizintechnik
fur Tierdrzte (EIVIS) software, with the first author (IGY) re-
sponsible for all measurements.

Table 1. The descriptive age and gender properties of the horses in the study.

Sex 6 months 12 months 18 months 24 months 36 months 48 months Total
48 12 12 12 11 10 10 67
Q 12 16 11 10 10 11 70

Total 24 28 23 21 20 21 137
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Figure 1. Simultaneous photo image technique. Three cameras are synchronized to capture
photographs simultaneously, operated by a radiofrequency remote control.

Table 2. The descriptive of the vatiables studied.

Trait Side Description

Upper Leg Length front Shoulder joint (1) to carpal joint (2)

Mc3 Length front Carpal joint to metacarpophalangeal joint (3)

Pastern Length front Metacarpophalangeal joint to mid-coronary band (4)

Carpal Angle front Shoulder joint to carpal joint to metacarpophalangeal joint

Fetlock Angle front Carpal joint to metacarpophalangeal joint to mid-coronary band
Coronary Angle front Metacarpophalangeal joint to mid-coronary band to hoof tip (5)
Coronary Width front Medial to lateral width of the coronary band

Hoof Width front Medial to lateral width of hoof at ground touch region (6-6’)

Wither Height left  Heighest point of withers (7) to ground

Elbow Angle left  Shoulder joint (8) to elbow joint (9) to mid-carpus (10)

Carpal Angle left  Elbow joint to carpal joint to metacarpophalangeal joint (11)
Forelimb Length left  Elbow joint to mid-carpal joint

Fetlock Angle left  Carpal joint to metacarpophalangeal joint to mid-coronary band (12)
Lateral Hoof Angle left  Between the dorsal and palmar edges of the hoof (orange lines)

Front Pastern Angle  left Metacarpophalangeal joint to mid-coronary band to hoof axis

Croup Height left  Heighest point of croup (13) to ground

Stifle Angle left  Hip joint (14) to stifle joint (15) to tarsal joint (16)

Hock Angle left  Stifle joint to tarsal joint to metatarsophalangeal joint (17)

Rear Fetlock Angle left  Tarsal joint to metatarsophalangeal joint to hoof axis

Rear Pastern Angle left  Metatarsophalangeal joint to mid-coronary band (18) to hoof axis
Rear Hoof Angle left  Between the dorsal and plantar edges of the hoof

Caudal Genu Angle rear Ischiatic tuberosity (19) to mid-popliteal regio (20) to calcaneal tuberosity (21)
Caudal Tarsal Angle  rear Mid-popliteal regio to calcaneal tuberosity to metatarsophalangeal joint
Mt3 Length rear Base of 3rd metatarsal (22) to metatarsophalangeal joint (23)

Rear Fetlock Angle rear Calcaneal tuberosity to metatarsophalangeal joint to mid-hoof at central sulcus (24)
Rear Pastern Length  rear Metatarsophalangeal joint to mid-hoof at central sulcus
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Figure 2. Measurement points on the photos from three sides include: Shoulder joint
(1), Carpaljoint (2), Metacarpophalangeal joint (3), Mid-coronary band on the forelimb
(4), Hoof tip (5), Ground contact region of the hoof (6-6’), Highest point of the
withers (7), Shoulder joint (8), Elbow joint (9), Mid-carpus (10), Metacarpophalangeal
joint (11), Mid-coronary band on the forelimb (12), Highest point of the croup
(13), Hip joint (14), Stifle joint (15), Tarsal (hock) joint (16), Metatarsophalangeal
joint (17), Mid-coronary band on the hind limb (18), Ischiatic tuberosity (19), Mid-
popliteal region (20), Calcaneal tuberosity (21), Basis base of 3rd metatarsal (22),
Metatarsophalangeal joint (23), and Central sulcus on the mid-hoof (24).
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MALE FEMALE
—4,74
__am: 4, 45/4 66 » ror
3,99 4,78 .
2 ae 3 n—373— 31 A —a51—a56
w 32— 2 35 /4’05/3,82—3,81—3,77—"3:93
g % 23/3,47
5 S
£ £
Gizim Alani
6 12 18 24 36 48 6 12 18 24 36 48
months months
— =—FDLI - —RDLI — =—FDLI = —RDLI

Figure 4. Changes in front (FDLI) and rear (RDLI) distal extremity indexes for males and
females from 6 to 48 months.

388

Medit Vet ], 9(3): 385-394, 2024



Yildirim, Erden

(S0"0>dD) IuedTUSTS A[[EONISNEIS 0T QUL OWES OU) UT SI1I9] JUFJJI(T :PO‘q‘e

¥20°0 02 0F90 T 90°0F¢SCT ¢ 0FOLCT @8C0F6CL @l 0FICl eV 0FISCl Fear PSUYT UFISE] ey
9¢°0 eCV OFLYLLT e8C°0FO9'LLL 07 0F0LILL e7'0F06'9LT 98 0FVC LLL OV 0FILLLL Fesr JBuY Ypopa] Feay
¥10°0 «LC0FS8 e 1 C°0F69°0¢ @05 0FSC1E 289°0F85°6C 2qS¥ O0FCL0¢ »85°0F69°6C Fesl PRua O
¥0°0 8¢ 0FBCLLL 98°0FCLILL 209°0F0G9LT aCS'1FCoCLL SLOFSYLLL YL OFYLILL Tear d[8uy [esse], [epne)
€I10  «08°0F11'9L1 wC6'OFO6YLT @l OFLY'SGLT L8 OFOLILT 090FLS LT 9SG 0FICLLY Tear d[8uy nuag) [epne))
1000 €6°0FLY'LS 17 0F08%S q9C TFIY'LS 250 1F99°09 «88°0FC0'19 «SC IF16'8S 33l d[BuY JOOH ey
0000 9 0FO VL] 1T 0FO0'8LT L TFO99LT 78'0F60°9LT L9 OFILGLL a6 TFCLOLL 391 d[Suy uIdsE] JLRY
0000 ¥ 0F0C 651 aCS0FILYST 408" TFPECs1 LS TF8LEST YV TFCYST e 1F19°6G1 391 dBuY Yopa] Feay
00 al9'0F0CTY1 w95 0FSCT V1 D1 TF0C 871 wSLOFILIVT aLS0F6Y'SY1 ave6'0FYS9r1 391 d[8uy oy
€000 95 0FLS OCT 8BS 0FCS'ST1 aC0'1F9L 911 v 1FLEGLT & I'1FOV'STT @O TFPE VLT 391 d[Buy 2png
0000 6L TFE8'0LL L TFBOTLT a69 CFFL 991 09°CFELGT pLLTFCY 81 SLETTFILBET 91 1ySH dnox)
0000 9CO0FCL8LL OV OFCL'LLT *£90F66'9LT 08'0FS99LL 400" TFI8CLT LS TFL9°991 391 J[BUY UIISEJ IUOR]
0000 pC8'0F90YS pLTOFLY VS 298 0F10"8S a8L'0F6E"8S 9'0F1C19 pOC TFIL'GS 391 d8uy JOOH [esre ]
0000 a96'0F0L' SV 79 0FC6'SY1 a7’ 1706971 ace 1FOV Syl aC9'0F91'8¥1 «LO6'0FSO'1G1 391 d[suy Yopag
0000 WL OFET ST L1 OFEESY «l90F0C ey a6L'0FC8 ¥ 10 TFC0°6E pC6'0FOCSE 391 P3ud quirpIog
10 1CO0FSY'8LL 0 0F6S8LI GC0F0S8LT eSCOFLG8LT «CL'0FO6'LLL «CCOFLOLLL 91 dBuy redre)
10000 «£1'1F00°SY1 «L8'CFC8 6V 1 LT TFBE6CT «q9C 1FCI 111 LS TFO 1YL eIV 1FC0'SP 1 391 dBuy moqry
0000 «LO'0FL6'LIT «8L°0F61°891 aS6°'1FCCT 091 29GCFCGEST pOC TFIREYL SCLTFLYCC 391 WYSIH YA
0000 S10FC9CL @S L0FOECT aLTOFESTL 9C0FPLCL >C1'0F00'TT pCCOFF8'6 10013 PPIX\ JOOH
0000 ql T'OF8Y'6 a¢1'0F0S°6 a7 1'0FE9°6 LT0FEC0T s01°0F56'8 2£1°0F9¢°8 1oy PPIA\ Areuoio)
G290 «0C 0FF0'8LT 1COFCEBLL «8C°0FF9'8LI 0€°0FS88LL 2V OFOV'8LL S OF8T 8L juoxy d[suy Lreuoro)
9000 Y 0FC8'LLL 5ql9'0FICGLT sqelSOFITILL @C9'0FI0°LLT 2C8'0F6L VLI s L'OFCO9LT 1UOIJ S[BUY JOOP]
S9°0 «B8COFLTLLL V' OFIT VLY @80 TFLGGLT a9 0FO6'SLT 2C9'OFPSILT al¥’ 0F99°GLT juoly dSBuy [edre)
0000 qCC'0F89'TT aLT0FSETL 40T’ 0F09°11 qCe'0F96'11 FC0FI6TL A FUOI} PSU UIISE
(4400 40C'0FILEC al V'OFPLEC VS 0F0V ' ¥C aSC°0F95°¢CC LT OFLOYC FEOFLLGC FuO1} PSuIT OOW
0000  «£S0F8LYY 59 0FF¥'99 5qC¢ 1F60°C9 :96'0F59°S9 pSCTFE6'6S pSO'TFOV' LS JuOoIy p3uay Sorpsaddn

d ruows g ruowr 9¢ ruows g ruowr g puowr 7| puowr 9 apIs SITex],

‘(INHS FAIN) FO330 PIepuels put Uedw st paiuasaxd s eiep oy T, (99130p pue W) $ISIOY I[EW Y} UO SIUIWIINSLIW Y ], °C S[L],

389

4
N
f-—)
ISy
+
A
op
Y]
o]
(39
D
o
(@)}
-
o=
WL
>
=
3
=




Quantitative evaluation of limb...

((S0'0>d) 1ueoyTuSTs A[[EdHISHEIS OFE DU OWES OU) UT SII1I9] JUIJFI(T PO°q‘e

6£0°0 oS1°0+CLCL LT0+88°¢CT €T 0F0¢°¢T qC¥' 0+06LCl ST 0+89°¢T P 0F08°¢CT Feax q3uoT usdIseEq ey
1100 «9¢0+86'LLT «C1'0+69°8L1 »x19'0F69LLT w67’ 0+09°9L1 F9°0+50°9LT V9 0FCLILL Fesx d[3uy popog reay
9200 ICOFLTIE :1S°0+88°0¢ «CC 0+650¢ € 0+81°0¢ 1€ 0+0C°0¢ qS¥'0+8¢°6¢ Je1 3T W
0LT'0 «8COFO6V'LLT @9L'0FC09LT 6L 0FST'9LT e06'0F¥S'SLT aC6'0+0S VLT 0L 0F86°SLT Fear d[8uy [esse], [epne)
20’0 »09°0+60°9L1 »G8'0FECILT SSLOFOC VLT vV OFLSLLT 298'0+68 VLT ¢ 0+88'9LT Fear 3[3uy nudan [epne)
0000 -9C0F¥<'SS 29€°0+66'SS 86'0+81°6S xq00 T+2¥'LS WLLOFSETI LT TF+6C°09 91 s[8uy JooH ey
0000 +£€0+06°SLT CC0FS99LT S 0FSTLLL FLOFIGLLL qG8'0+L8CLY V' 1+evCLT el d[8uy uiseq yedy
0000 «£6'0F+VE¢ LST p06'0+1L°0ST 2qL8'1+90°¢S1 PSS 0+¥LTCST ¢S6'0+95°9¢1 0L TF0T 651 el s[3uy popog reay
0000 206°0+CLV¥1 «GL0FES09T ¥80+01°SH1 S0L'0F98°G¥1 2q09°0+LY 91 @91 TS 8Y1 el s[3uy JooH
0000 90°1+¢€0'1C1 @SS 0F+L061T 2LL'0FSLITT SLLTF1G°GTT SSC0FILYTT SO TFSY 1T Rl s[3uy apng
0000 86°'0FI8CLT V1" 1FE8'891 @86 TFFCLIT 99 CTFITYIT SO TFICTCST p0CCFB'6CT el wSH dnoxp
1100 IV O+¥¥9LT :SE0+80°9LT eCL'0F0CGLT «16°0+06'GLT e€6'0+8T VLT ql0C+60° 1LY 91 d[3uy uIdIsed 1U0I]
€00°0 -99°0+CECes 27 1+CTGS @l L'0FSYLS ¢S6'0F0¢°LS ¢09'0FL6°LS 07 1¥8¢"8S Rl d[8uy JOOH [esdne]
0000 2a69°0+61°9%1 S6L°0F06°¢h 1 00 T+69°9%1 2qCC 1+LG O] sqLL'OF¥T YL «L9°0F68°051 el d[8uy popag
0000 89°0F¥¢SH 81°0+01 ¥ L80+L9°CY 08°0++0'1v 296 0+95°6¢ »85°0+¢C 8¢ Rl PSUdT qUIRIO
¢10'0 @¢C0+0¥'8LL «01°0F068'8L1 BCTOFSL8LT aVC0FG1'8LT aLT'OFT9°LLT q0¢'0+68°LLT Rl s[8uy redre)
0000 =LV 0+69°SH1 0+ Y1 F76'0+¥S 6¢T F81+56¥¥1 ae¥' 1+90°8¢T WL8'0FC8 YY1 Rl s[3uy moqrg
0000 L80FC1691 67 0F81°991 q06'1FSY 091 a89'CFOC8CT SLY TFG9 YT pILTF68°CET 91 WSPH ORI
0000 -SC0+¢CCl 01°0+85°T1 ST0+68T1 0¢°0+¥CCl 0¢0FETT 81°0+86°6 o3} PPIA\ JOOH
Y100 F10F1E6 L1°0+81°6 «8C0+55°6 «61'0+01°6 «81'0F+0°6 OT°0+85'8 10014 WpIA Areuoso)
68L°0 +Cl'OF6E8LL 1 0FSE8LY FCOFI88LL 8¢ 0FSE8LT LEOFIT8LY eCC0FLCSLT juoiy s[duy Areuoio)
0000 09°0FILILT 97 0F06'9LT :99°0FCY 9L1 FSOFOLLLY qlL'OFE6'CLT 9GS OFCTLLY juoxy 3[3uy Popag
S00'0 «lLOFCO9LT Y OFLOELT «qlO'TFYC LY 9 0F0CLLT 2% 0FF0'GLT sqv9S 0FESGLT juoxy s[3uy redre)
0000 «8CTOFOV'1T 8T 0FSECTT a,LT'OF6Y 11 48T 0F80T1 6 0FEYCT 91°0F96CL 1001} qSuoT urseq
$ST'0 86’ TF90°¢T 5S¢ 0FP0°SC ¥ 0Fr0¥C qS¥'0F86'1¢C 17’ 0FIL'ECT YT OFSLYC ol q3uaT OW
0000 +¥L0F6S+9 L6'OFVLY9 «L8'0FY6'¢9 496'0F80°09 a€0'TF61°8S q€6'0F19°LS 1ok pSuay Sopaeddn
d qruow g Jruow 9¢ Jruouw g Jruow g1 Jruow 71 qruow 9 9pPIS Siresy,

‘(NHS FAIN) FOI30 PIepULIS PUE ULIW St PaIuasaid ST viep oY T, (99359P Put WD) SISIOY 9[BWDJ I} UO SIUDWINSLIW T, *{ e,

<«
N
j—
ISy
-
o
o
L
o)
(39
N
)

390



Measuring Points

Reference points for the measurements were established
based on previous studies (Mcllwraith et al., 2003; Anderson
and Mcllwraith, 2004; Sadek et al., 2006; Weller et al., 2000).
Easily identifiable bone protrusions in the photographs were
chosen as reference points. Additionally, the midpoint of the
circles drawn around the elbow, carpal, fetlock, and hock joints
served as reference points for measurements. These measure-
ments and their corresponding reference points are detailed in
Table 2 and illustrated in Figure 2.

The term “distal extremity” was used to describe the fore-
limbs below the carpal joints and the hindlimbs below the tar-
sal joints. To determine the lengths of the distal extremities for
both the front and hind limbs, the lengths of Mc3 and Mt3,
along with the pastern lengths for the respective limbs, were
added together. Additionally, front (FDLI) and rear (RDLI)
distal limb indexes were calculated by dividing the total distal
extremity lengths by the wither height for the forelimbs and
the croup height for the hindlimbs. These calculations helped
assess the proportional changes in the lengths of the distal ex-
tremities relative to the horse’s age, as measured at the withers
for the forelimbs and at the croup for the hindlimbs.

Data Analysis

All measurements were conducted by the same researcher
(IGY) to avoid any interobserver variability issues. The data
was analyzed using SPSS 15.0 for Windows. To test the reli-
ability and validity of the measurements, one horse was ran-
domly selected and measured five times at different intervals.
Additionally, measurements from photographs of five differ-
ent horses were taken at various intervals. The coefficient of
variation (%oCV) was then calculated based on these measure-
ments, as outlined by Ozdamar (2004). The Student’s t-test
was applied to compare the front and hindlimb parameters
across genders for each age group. To examine the differences
in mean values of conformation parameters across age groups,
a One-Way Analysis of Variance (ANOVA) was conducted.
For any significant differences found, Duncan’s multiple com-
parison test was used to further analyze the data.

RESULTS

The coefficient of variation (CV) for all measurements
was below 5%, indicating high repeatability and reliability in
measurements obtained from photographs. The heights of
the withers and croups showed a consistent and significant in-
crease from 6 to 36 months, with the most substantial growth
occurring in the first 24 months. After 24 months, the growth
rate stabilized, and there was no statistically significant differ-
ence in the increase between 36 and 48 months. According to
the data, croup heights exceeded wither heights across all age
groups examined in this study (Figure 3).

The FDLI and FDLI, which show the ratio of the lengths
of the limbs’ distal parts to the height of the body, tended to
rise with age (Figure 4). However, this trend was not consis-
tently stable.

The measurement values for male and female horses across
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various age groups are detailed in Table 3 and 4. A significant
increase in forelimb length was noted in both genders from
6 to 24 months, with no marked changes observed from 24
to 48 months. The values for the front carpal angle and Mc3
length in males and females did not show significant differenc-
es across the age groups. The front fetlock angle was higher
in the 6-month age group, indicating the steepest structure at
this early age. As the horses aged, the fetlock angle gradually
aligned with the mature anatomical norms, reducing the dif-
ferences observed between age groups. Front pastern angle,
6-month-old males exhibited values of 165°, while females
showed 171°. These angles were observed to adjust to 178°
for males and 176° for females over time.

DISCUSSION

Photographic methods are widely used in horse conforma-
tion research, as evidenced by several studies that have utilized
images taken from the front, side, and rear of horses (Mcll-
wraith et al., 2003; Andersson and Mcllwraith, 2004; Senna et
al., 2015; Mostafa and Elemmawy, 2020). A common challenge
in such research is that horses cannot remain completely still
for each photo, potentially leading to variations in the images
due to movement. In our study, measures were taken to min-
imize the differences between images caused by the horse’s
movement. Specifically, photos were captured simultaneously
from three different angles using cameras positioned around
the horse. This method aimed to reduce discrepancies in
the images, especially in angular measurements involving the
length of joints and bones, by ensuring consistency across all
photographs.

In studies examining the conformation of the horse, it can
be quite challenging to achieve perfect posture in photographs
taken from the front and back. It may not always be possible to
maintain perfect posture. However, this methodology appears
to have been used in previous studies (Mcllwraith et al., 2003;
Andersson and Mcllwraith, 2004; Senna et al., 2015; Mostafa
and Elemmawy, 2020). Therefore, to avoid possible misrepre-
sentation, a real, unaltered photo was deliberately chosen to
include in the article. To avoid these mistakes, researchers need
to be more meticulous, patient, and perfectionist, especially
when taking photos from the front and back.

The risk of injury in horses is significantly influenced by
age, which is a key factor in assessing the distribution and or-
igin of injuries (Stover, 2003). Up to 13% of postnatal foal
conformation defects, which usually corrected by the age of
three (Mcllwraith et al., 2003). By three years old, horses typi-
cally achieve normal body conformation. The development of
thoracic and pelvic limb bones occurs at different times, from
3-4 months to 24-36 months (Butler et al., 2005). Musculo-
skeletal issues are more common in two-year-old horses due to
intense training and racing, while older horses more often face
tendon and ligament injuries (Perkins et al., 2005; Cogger et al.,
2008). In our study, significant changes in limb length and an-
gle were noted in Thoroughbred horses, especially in the first
two years, continuing until three years of age. As tissues adapt
to changes in limb morphology in the two to three-year age
range, the stress of training and racing can predispose them
to injuries.
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Withers and croup heights are key indicators of a horse’s
morphological structure. Mawdsley et al. (1996) found the
wither height to be 157.20 cm in two-year-old female hors-
es and 158.34 cm in males, with three-year-old thoroughbreds
measuring 160.30 cm and 161.91 cm, respectively. Bakhtiari
and Heshmat (2009) reported wither heights in thoroughbreds
to be 163.4 cm for males and 161.8 cm for females. In our
study, the wither height was observed to be 168.19 cm in three-
year-old (36 months) males and 166.18 cm in females, with no
significant differences between three- and four-year-old hors-
es. The variations between these studies could be attributed to
differences in measurement and calibration techniques.

Andersson and Mcllwraith (2004) documented wither and
croup heights in thoroughbreds as 122.28 cm and 125.32 cm
in weanlings, 142.80 cm and 143.79 c¢m in 1-year-olds, 154.66
cm and 153.64 cm in 2-yeatr-olds, and 154.61 ¢cm and 153.09
cm in 3-year-olds, respectively. In our research, the wither and
croup heights for male horses were measured at 133.67 cm
and 138.76 cm in 6-month-old foals, 143.86 cm and 148.42
cm in 1-year-olds, 160.22 ¢cm and 166.74 cm in 2-year-olds,
and 168.19 cm and 171.98 cm in 3-year-old horses, respec-
tively. For females, these values were 133.89 c¢cm and 139.84
cm in 6-month-olds, 146.45 cm and 152.31 cm in 1-year-olds,
160.45 cm and 167.34 cm in 2-year-olds, and 166.18 ¢cm and
168.63 cm in 3-year-olds. Minor differences in measurements
between our study and that of Andersson and Mcllwraith
were anticipated. However, a notable distinction was that in
their study, wither height exceeded croup height from the
yearling stage onwards, whereas in our study, croup height was
greater than wither height across all age groups. This higher
croup structure in our study’s horses, despite no current or
past musculoskeletal issues, suggests a deviation from the ideal
conformation where the croup and withers are level, facilitat-
ing optimal agility, balance, and gait. A croup higher than the
withers, indicating disproportionately long hindlimbs, can af-
fect stride and lead to forging issues (Thomas, 2005; Ross and
Mcllwraith, 2011). Gruyaert et al. (2022) found that 29% of
horses with lameness or performance issues had higher tuber
sacrale compared to the withers. This underscores the need for
further exploration into the implications of wither and croup
height discrepancies on performance and injury risks.

The pastern length value represents the distance between
the metacarpophalangeal joint and the mid-coronary band.
However, photographic measurements do not fully capture
changes in the length of the phalanges. Specifically, the fet-
lock angle decreases from 151.99 to 145.70 degrees in males
and from 150.85 to 146.19 degrees in females during the
6—48-month period. Concurrently, the fetlock angle in male
hotses decreased from 151.95° to 145.70°, and in females
from 150.85° to 146.19°. These findings suggest that this joint
gradually transitions toward a more slopped wrist structure
over time. Consequently, there is a reduction in the pastern
length value in 2D images taken from the front. These changes
in the front pastern length and fetlock angle were found to be
consistent, indicating a harmonious adjustment in the meta-
carpophalangeal joints. However, this type of consistent re-
lationship was not observed between the rear pastern lengths
and angles.

The study also tracked changes in limb length relative to the
overall body height using the front distal limb index (FDLI)
and rear distal limb index (RDLI). According to these indices,
the distal sections of both the front and hind limbs tended to
grow proportionally larger with age. Notably, the increase in
FDLI was more pronounced than that in RDLI for both males
and females, suggesting a greater relative growth in the distal
parts of the front limbs compared to the hind limbs.

The axis of the limb should be straight when viewed from
in front of the limb (Thomas 2005). Deviations from this ide-
al angle can indicate disruptions in the limb’ axial alighment,
as described by Hedge and Wagoner (2004). In the study, the
front pastern angle in males increased from 165.61° to 178.13°
and in females from 171.09° to 176.44°. The rear fetlock angle
in males rose from 170.72° to 174.94° and in females from
172.43° to 175.90°. These increases suggest that, while young-
er horses showed more pronounced breaks due to their angles
deviating further from 180°, older horses’ measurements tend-
ed to align more closely with the ideal. One factor that might
influence these observations is the hoof care practices, specif-
ically whether hooves are trimmed in a way that complements
the individual conformation characteristics of each horse. The
coronary angle, a measurement taken from the front, consis-
tently reached the standard value of 178° across both gen-
ders and all age groups in this study, suggesting a generally
well-maintained mediolateral balance of the hoof (Colles et

al., 2022).

In a study focused on limb conformation in Thorough-
breds used for jumping, Senna et al. (2015) reported front limb
length measurements as follows: forelimb at 46.02 cm, Mc3 at
28.67 cm, and Mt3 at 37.44 cm. In contrast, the measurements
in our study for both males and females ranged from 35—45
cm for the forelimb, 23-25 ¢m for Mc3, and 29-31 cm for
Mt3. The discrepancy in measurements could be attributed to
Senna et al. taking their measurements from the front, where-
as ours were taken from the left side of the horse. Regarding
angular measurements, Senna et al. reported the elbow angle at
138.30°, carpal angle at 177.70°, front pastern angle at 142.70°,
stifle angle at 114.9°, and rear pastern angle at 149.8°. In our
study, these angles were found to be within 139-145° for the
elbow angle, 177-178° for the carpal angle, 145-151° for the
front pastern angle, 114-120° for the stifle angle, and 152-159°
for the rear pastern angle. The angular measurements between
the two studies showed similarities, suggesting a consistency
in angular measurements. However, the variation observed in
the front and rear pastern angles could potentially be linked
to differences in hoof trimming practices, influenced by the
distinct functional requirements of the horses in each study.
This highlights the potential need for further research into
how conformation aligns with function in horses of the same
breed but used for different purposes.

In their research on the conformation characteristics of
Thoroughbreds, both healthy and with musculoskeletal dis-
abilities, Mostafa and Elemmawy (2020) found the rear pastern
angle to average 152.8° in healthy horses and 144.7° in those
with musculoskeletal issues. In our study, the rear pastern an-
gles ranged from 152.34° to 159.61° in males and 150.71° to
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159.20° in females. These findings suggest that the horses in
our study, which did not include any with a history of injury,
exhibited rear pastern angles within a range indicative of a low
risk for musculoskeletal disorders. Thus, the outcomes of our
research align with those of Mostafa and Elemmawy, further
supporting the correlation between rear pastern angles and
musculoskeletal health in Thoroughbreds.

Hoobs et al. (2022) highlighted that hoof shape and func-
tionality in Thoroughbred racehorses evolve with growth and
the physical demands placed upon them. In our investigation,
the narrowest front hoof width measurements were recorded
at the 6-month mark for both sexes. Beyond the age of 1, no
significant changes in hoof width were observed in females,
whereas in males, an increase in hoof width continued until
the age of two. Furthermore, a reduction in the angles of both
front and rear hooves was noted in females from 6 months to
4 years. In contrast, males exhibited varying differences across
different age groups. This suggests that hoof development fol-
lows a more consistent pattern in females compared to males.

The study’s findings provide insights into the changes in
limb anatomy across different genders and age groups. While
these data allow for comparisons with results from other stud-
ies, the emergence of unexplained findings highlights areas
for future research and raises questions that warrant further
investigation.

Limitations: The study utilized distinct horses across vari-
ous age groups, contributing significant data to an under-re-
searched area. Future research should ideally monitor the same
horses over extended periods and include a broader sample
size for more comprehensive insights. The process of stan-
dard photographic measurements presents challenges, neces-
sitating careful consideration of environmental factors, stress
conditions, and the perspectives of breeders and owners
during the planning stages. Due to concerns from breeders
and horse owners about potential speculation on their hors-
es’ conformation traits, private records were kept confidential.
Consequently, this study does not include data on the horses’
eventual performance outcomes.

CONCLUSIONS

The findings from this study provide valuable insights into
the conformational changes in different limb regions, influ-
enced by age and gender. Notably, the distal limbs experienced
significant changes and development, demonstrated by an in-
crease in distal extremity indices with age. In all age groups
studied, the croup was consistently higher than the withers,
potentially shifting the horse’ center of gravity forward and
placing additional strain on the forelimbs. Despite these obser-
vations, there were no reported injuries across the different age
groups. Future research could be directed toward understand-
ing the implications of these conformational characteristics
and their potential impact on horse health and performance.
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]E;S(ﬁl;oc\siﬁ?m This study aimed to identify through infrared thermal imaging technology the surface temperature
infrared thermography of the eye, beak, head, trunk, leg, and body of fast- and slow-growing broiler chickens at 2, 4, and
slow-growing 6 weeks of age. A total of 140 1-day-old broiler chicks were used in the study. Two treatments were

surface temperature

included: fast-growing (Ross 308) and slow-growing (Hubbard JA57), with two replicates for each
treatment. Thirty-five broiler chickens were placed in each pen. Beak and leg surface temperatures

%‘;C?Sizgd 8 g OS(E éfgélzirz%%i“ were consistently higher in fast-growing broiler chickens during the 2, 4* and 6® weeks. Except for
Ac‘éepted .12 November 2024 the 4™ week, the surface temperature differences in the eyes and other feathered areas between fast-
Published : 31 December 2024 and slow-growing broiler chickens were not statistically significant. Eye surface temperature was not

Atticle Code  : 1544695 influenced by age in either genotype. In both genotypes, the beak and head surface temperatures

increased with age, while the body and trunk surface temperatures decreased. Additionally, leg sur-

Correspondence: face temperatures increased with age in fast-growing broiler chickens. The litter surface temperature
(Ségﬁni}z{lggiitﬁga duedu.tr) was consistently higher in pens housing the fast-growing genotypes across all measured weeks. As a
T result, it was determined that age and genotype affected the surface temperatures of broiler chickens

and litter. It is thought that continuous monitoring of potential fluctuations in ambient and body

g)l?(CAIE AARSLAN : 0000-0002-6239-2439 surface temperatures using infrared thermal cameras during the rearing period can contribute to the
A.NAZLIGUL  :0000-0003-1476-4039 maintenance of thermal comfort.
INTRODUCTION Infrared thermal imaging technology provides a quick, highly

sensitive, non-invasive, and contactless method for measuring
skin surface temperature. Consequently, it enables the efficient
assessment of body surface temperatures for numerous indi-
viduals, significantly cutting down on the time and effort need-
ed by managers, while also avoiding any stress on the animals
being monitored (Kim et al., 2021). Due to these advantages,
infrared thermal imaging technology has been employed in nu-
merous studies in recent years to evaluate animal welfare stan-
’ ) ) ; . ’ dard management procedures or health status monitoring in
vield. This selective breeding has, however, resulted in broiler cattle (Nikkhah et al., 2005; Stewart et al., 2008; Schaefer et al.,
chickens developing a genetic predisposition to various health 2012; Alsaaod et al., 2014), poultry (Cangar et al., 2008; Fer-
and welfare issues (Wilcox et al., 2024). Therefore, developing teira et al., 2011; Jacob et al., 2016; Bloch et al., 2020; Weimer
new commercial applications in the poultry sector is signifi- et al,, 2020; Kim et al,, 2021), and pigs (Warriss et al., 2006;
cant to ensure continued economic production and maintain  ,1qara et al,, 2014). When examining the applications of in-
animal health and welfare. Such advancements are also neces- o0 thermography technology specifically for poultry, it is
sary to tackle the challenges posed by global climate change  qeworthy that they are concentrated on the measurement
and the growing need for cost-effective meat sources in re- of metabolic heat production (Cangar et al., 2008; Niis et al.,
sponse to the world’s expanding population (Yahav and Giloh, 2010; Ferreira et al.,, 2011; Damane et al., 2018), evaluation
2012). Infrared thermographic imaging is a recent technology leg health parameters (Jacob et al., 2016; Weimer et al., 2019;
used to assess housing thermal conditions and their effects 2020) and managing heat stress (Nascimento et al., 2014; Cas-
on animal welfare (Ferreira et al., 2011). Additionally, it facili- tro et al., 2019; Bloch et al., 2020; Kim et al., 2021). In poultry,
tates the monitoring of gnimal surfgce temperature, which i.s the majority of the body sutface is covered with feathers, and
a key indicator of an animal’s physiological state under vari-  peqe feathers are thermal insulators that prevent most of the
ous conditions, including stress, fertility, welfare, metabolism, = 1,¢ emissions (Ferreira et al., 2011). Therefore, it has been re-
health, and disease detection (Nids et al., 2014; Castro et al., ported that the feathered areas of the body (head, neck, back,
2019). Computer systems process these surface temperatures wings, chest, thighs) show lower temperatures compared to
generate a thermal map of the animal and perform a detailed ;¢ “feaherless areas (eye, ear lobe, comb, legs/feet) (Shinder
analysis of the temperature profile (McManus et al,, 2016). . al., 2007; Cangar et al., 2008; Nais et al., 2010; Damane et

Broiler chicken farming is the world’s largest terrestrial ani-
mal production sector, with nearly 70 billion chickens slaugh-
tered annually (Berg et al., 2021; Wilcox et al., 2024). Over the
last century, in response to this high demand, poultry produc-
tion systems have been intensified to maximize efficiency and
productivity (Azarpijouh et al.,, 2022). Consequently, broiler
chickens have been selectively bred for generations to focus
on a small range of traits, such as rapid growth and more meat
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al., 2018). In addition, it has also been reported that body sur-
face temperature varies with age (Tessier et al., 2003; Cangar
et al., 2008; Damane et al., 2018). The effect of age on body
surface temperature is attributed to the feathering status of the
animals (Cangar et al., 2008; Damane et al., 2018). Giloh et al.
(2012) reported a strong correlation between body tempera-
ture and facial surface temperature in broiler chickens. This
suggests that monitoring facial surface temperature could be
useful for assessing the comfort or thermal stress of chickens
(Nascimento et al., 2014; Candido et al., 2020). In addition,
Weimer et al. (2020) reported that the surface temperature of
the eye and especially the beak can be used as stress indicators
in broiler chickens.

The broiler industry features a variety of breeds, including
fast-growing genotypes that can achieve a target weight of 1.5
to 3 kg in about 30 days and slow-growing genotypes that re-
quire a longer period, around 70 to 80 days, to reach the same
weight (Torrey et al., 2021). Broiler chickens with faster growth
rates consume more feed and require a higher metabolic rate,
which leads to increased metabolic heat production (Bloch et
al., 2020). Additionally, the development of large body size
and breast muscles, combined with a high metabolic rate, sug-
gests that broiler chickens may struggle to maintain thermal
balance (Tickle and Codd, 2019). Thermal balance is intrinsi-
cally linked to the environmental conditions that broiler chick-
ens are exposed to. Therefore, understanding the metabolic
heat production during the rearing period and determining the
heat exchange between the animal and its environment is cru-
cial for characterizing the animals’ homeostasis (Nascimento
et al., 2017). Ambient temperature is a critical climatic factor
that strongly influences the maintenance of thermal balance in
poultry. Therefore, monitoring the body surface temperatures
of the animals can provide valuable insights into how ambient
temperature affects their thermoregulatory status (Kim et al.,
2021).

We had two hypotheses: first, that surface temperatures
would be higher in fast-growing broiler chickens compared to
slow-growing broiler chickens, and second, that surface tem-
peratures would increase with age, particularly in fast-growing
broiler chickens, due to the higher metabolic heat associated
with rapid weight gain. The objective of the present study was
to assess surface temperatures in fast- and slow-growing broil-
er chickens and to investigate how these temperatures vary
with age.

MATERIALS and METHODS
Experimental procedure and husbandry

Seventy fast-growing (Ross 308) and seventy slower-grow-
ing (Hubbard JA57) 1-d-old broiler chicks were obtained from
two commercial hatcheries (EGE-TAV, Izmir, Turkiye, and
Orallar, Kocaeli, Tiirkiye) on the same day. These chicks were
randomly allocated to four floor pens (2.6 kg target slaughter
weight; 2.6 kg x 35 chickens/33 kg per m* = 2.75 m? free floor
area per pen) within an experimental room (two replicates/
treatment; 35 birds/pen) at the Poultry Research Unit, Faculty
of Veterinary Medicine, University of Aydin Adnan Menderes,
Turkiye (latitude 37°49°37” N, longitude 27°47°29” E, and an

altitude of 31 m). The experiment room had dimensions of 10
m long, 5 m wide, and a height of 6 m. Both genotypes were
reared under uniform management and feeding conditions.
Within each pen, the water needs of the chickens were met by
one drinker line with six nipples (5.83 birds per nipple), pro-
viding continuous access to water, and feed was given ad lbitum
using two round plastic feeders with a diameter of 0.4 m (7.18
cm of feeder length per bird). Bedding material consisting of
wood shavings (eight cm in depth) was utilized. All diets used
in the experiment were based on corn and soybean meal. The
diets were prepared in three phases during the trial as specified
in the commercial hybrid catalog (Aviagen, 2019). The starter
phase was used for the first 10 days (3050 kcal ME/kg, 23.5%
crude protein), the grower phase from days 11 to 24 (3150
kcal ME/kg, 22% crude protein), and the finisher phase from
days 25 to the slaughter day (3200 kcal ME/kg, 21% crude
protein). The stocking density and lighting schedule were ad-
justed to the levels specified in the European Union Directive
(2007/43/EC). The stocking density was 33 kg/m?* A lighting
schedule of 24 hours of light was applied for the first seven
days, followed by 18 hours of light and six hours of darkness
for the remaining days. In the experimental room, a tempera-
ture of 32 £ 1°C was maintained at the chicks’ back level for
the first three days using electric thermostatic radiant heaters.
The temperature was reduced by 3°C per week until 21 days
old. Temperature and humidity levels were recorded twice dai-
ly using an automatic data logger at 9:00 and 17:00. The data
loggers had a humidity resolution of 1% and a temperature
resolution of 0.1°C.

Data collection

Infrared thermography (IRT) images were taken of five
broiler chickens from each pen at 14:00 on weeks 2, 4, and 6 of
the study. The broiler chickens were handled using latex gloves
to avoid the influence of heat and moisture from the hands
on the temperature of the feathers. All images were taken in
the same experimental room. Broiler chickens were placed at a
marked point on a table in the experimental room, and images
were taken as quickly as possible to minimize stress effects.
IRT images were taken from the left side of broiler chickens
at a distance of 1 m using an IRT camera (FLIR E0, Flir Sys-
tems®, Sweden) with high resolution (240 x 180 pixels). The
camera background temperature was set to 22°C, emissivity to
0.95, and transmission to 100%. IRT images were uploaded
to a computer and analyzed using FLIR Tools (v 6.4) software
(Figure 1). Eye and beak surface temperatures were measured
from a single point using the software’s spot feature. Head and
trunk surface temperatures were calculated by averaging the
area within the marked regions using the ellipse feature. Leg
surface temperature was determined by averaging the points
along the line using the line feature. To determine a body sur-
face temperature (approximately 3.000 data) was averaged of
the head, trunk, and leg regions. In addition, the litter surface
temperature of each pen was taken from three different points
(the side of the wall, under the drinker line, and between the
feeders). Ambient temperature and relative humidity were re-
corded using a data logger in the experimental room, synchro-
nized with the infrared thermal imaging sampling time (Figure
2).
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Figure 1. Broiler chicken’ infrared thermographic image, and using spt, ellipse, and line features in FLIR
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Figure 2. Ambient temperatures and humidity levels in the experiment rooms at 2, 4, and 6 weeks.

Statistical analysis

The data were analyzed statistically using the SPSS software
package (version 22.0, SPSS Inc., Chicago, IL, USA). The not-
mality of the variables was assessed using the Shapiro-Wilk test.
Levene’s test was used to examine the assumption of homoge-
neity of variances. The evaluation of IRT surface temperatures
according to genotype was performed using the independent
t-test, while age was conducted using the one-way ANOVA test.
In the evaluation according to age for parameters that did not
meet the homogeneity assumption, the Welch t-test result was
considered as the significant value. For parameters that were
not homogeneously distributed, the Tamhane T2 test was used
as the post hoc analysis, while the Tukey HSD test was applied
for homogeneously distributed data. Differences were consid-
ered significant when P<0.05. Descriptive statistical parameters,
mean and standard error, were used to display litter surface tem-
peratures.

Medit Vet J, 9(3):

'

RESULTS

The effects of genotype on IRT eye, beak, body, head, trunk,
and leg surface temperatures in broiler chickens at 2, 4, and 6
weeks of age are presented in Table 1. Both genotypes showed
similar values with eye and head surface temperatures except
for week 4 (P=0.042, P<0.0001). For beak and leg surface
temperatures, the fast-growing broiler chickens exhibited sig-
nificantly higher temperatures compared to the slow-growing
broiler chickens in weeks 2, 4, and 6 (Beak surface tempera-
ture P<0.0001, P<0.0001, P=0.002; Leg surface temperature
P=0.048, P=0.006, P=0.008). No significant difference was
found between genotypes for body and trunk surface tempera-
tures in all weeks except for week 4 (P=0.008).

The effects of age on IRT eye, beak, body, head, trunk, and
leg surface temperatures in fast- and slow-growing broiler chick-
ens are shown in Table 2. No significant change was observed
in eye surface temperature with increasing age in either geno-
type. In both genotypes, beak surface temperature (fast-grow-

395-402, 2024



The use of infrared thermography...

Table 1. Effects of genotype on IRT eye, beak, body, head, trunk, and leg surface temperatures
(°C) in broiler chickens at 2, 4, and 6 weeks'*?

IRT surface temperatures n  Fast-growing  Slow-growing  P-value
2 week
Eye 10 35.86+0.09 35.69£0.21 0.482
Beak 10 30.94+0.25 28.61+0.41 <0.0001
Body 10 33.99+0.12 33.64+0.14 0.073
Head 10 34.49+0.12 34.30+0.09 0.217
Trunk 10 34.30+0.17 33.99+0.13 0.171
Leg 10 37.04+0.12 36.45+0.25 0.048
4™ week
Eye 10 35.72+0.22 35.16+0.14 0.042
Beak 10 31.79+0.35 29.16£0.25 <0.0001
Body 10 32.98+0.29 31.68+0.32 0.008
Head 10 35.91£0.18 34.9240.11 <0.0001
Trunk 10 32.71+£0.32 31.26+0.37 0.008
Leg 10 37.17+£0.16 36.42+0.18 0.006
6™ week
Eye 10 35.63+£0.19 35.64+0.24 0.975
Beak 10 32.53+0.45 30.27+0.47 0.002
Body 10 30.32+0.22 30.12+0.23 0.528
Head 10 36.23+0.12 35.91+0.22 0.225
Trunk 10 30.29+0.33 29.61£0.25 0.121
Leg 10 37.54+0.14 36.81+0.21 0.008

"Values are presented as mean * standard errot.
*Fast-growing: Ross 308, slow-growing: Hubbard JA57.

Table 2. The effects of age on IRT eye, beak, body, head, trunk, and leg surface temperatures (°C) in fast- and

slow-growing broiler chickens'

IRT surface temperatures n 2" week 4™ week 6™ week P-value
Fast-growing

Eye 10 35.86%+0.09 35.72%0.22 35.63%0.19 0.657
Beak 10 30.94+0.25° 31.79+0.35" 32.53%0.45 0.014
Body? 10 33.98+0.12¢ 32.98+0.29° 30.32+0.22¢  <0.0001
Head 10 34.49+0.12° 35.91£0.18° 36.23£0.12¢  <0.0001
Trunk 10 34.30%0.17* 32.71£0.32° 30.29+0.33¢  <0.0001
Leg 10 37.04+0.12° 37.17+0.16" 37.54£0.14* 0.044
Slow-growing

Eye 10 35.69%+0.21 35.16%0.14 35.64+0.24 0.135
Beak? 10 28.61+x0.41>  29.16+0.25" 30.27£0.47* 0.019
Body? 10 33.64£0.14* 31.68+0.32° 30.12+0.23¢  <0.0001
Head? 10 34.30£0.09° 34.9240.11° 35.91£0.22*  <0.0001
Trunk® 10 33.99£0.13 31.26%0.37° 29.61+£0.25¢  <0.0001
Leg 10 36.45%0.25 36.4210.18 36.81£0.21 0.373

"Values ate presented as mean T standard error.
“Due to the non-homogeneity of data, the Welch test was applied.

**Means in the same row with different superscripts differ significantly (P<0.05)
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ing P=0.014, slow-growing P=0.019) and head surface tem-
perature (both genotypes P<0.0001) increased significantly
with age. Conversely, a significant decrease in body and trunk
surface temperatures was noted (both genotypes P<0.0001).
Regarding leg surface temperatures, although similar tem-
peratures were observed across all weeks in both genotypes,
the temperature increase observed with increased age in the
fast-growing genotype was found to be significant (P=0.044).

Litter surface temperatures based on genotype at 2, 4, and
6 weeks are presented in Table 3. Due to the insufficient rep-
licate numbers, only the mean and standard error were calcu-
lated for the litter surface temperatures. It was observed that
litter surface temperatures were higher in the pens where the
fast-growing genotype was reared at all weeks.

Karaarslan, Nazhgiil

ilar temperatures observed in the body, head, and trunk, which
are covered with dense feathers, may be attributed to the in-
sulating properties of the feathers. In contrast, the higher leg
surface temperature in the fast-growing genotype is likely due
to greater metabolic heat production. This higher temperature
can be explained by the fact that broiler chickens with faster
growth rates consume more feed, leading to accelerated me-
tabolism and consequently higher metabolic heat production
(Bloch et al., 2020).

When the surface temperature variation with age was exam-
ined, it was found that eye surface temperature was not related
to age in either genotype. It was observed that the eye sur-
face temperatures were at similar levels in all measurements.
Damane et al. (2018) stated that the eye surface temperature

Table 3. IRT litter sutface temperatures (°C) in pens based on genotype'

IRT litter surface temperatures 2 week 4™ week 6™ week
Fast-growing broiler

chickens-rearing pen

Minimum 25.931£0.40  22.3210.33  24.85%0.44
Maximum 33.10£0.63  30.82%+0.60  32.08%0.48
Average 29.23£0.42  26.57£0.40  28.10£0.56
Slow-growing broiler

chickens-rearing pen

Minimum 24.42%0.61  20.35£0.38  22.92%0.36
Maximum 29.48+0.54  26.7811.68  27.58%0.75
Average 27.28+0.35  23.0710.33  24.74%0.39

Values ate presented as mean T standard error.

DISCUSSION

Infrared thermography offers a non-invasive method for
evaluating thermal changes in a commercial poultry flock. This
technique could enhance climate control systems and detect
acute thermal stress, potentially leading to improvements in
both flock performance and welfare (Yahav and Giloh, 2012).

In the present study, skin surface temperatures in the feath-
erless areas were consistently higher across all weeks for both
broiler genotypes. This observation aligns with previous stud-
ies that reported featherless regions, such as the eyes and legs,
typically exhibit higher surface temperatures due to the ab-
sence of feather insulation (Cangar et al., 2008; Nais et al,,
2010; Damane et al., 2018; Castro et al., 2019). Furthermore,
consistent with the findings of Castro et al. (2019), the high-
est surface temperatures were observed in the leg, eye, and
head regions compared to other measurement regions across
all weeks for both broiler genotypes in the current study. In
comparing the surface temperatures between genotypes, it was
observed that differences in the eye, body, head, and trunk
surface temperatures were not statistically significant in any
week except for the 4™ week. Since modern broiler chickens
undergo their second natural molt at around 4-5 weeks of age
(Leeson and Walsh, 2004), the significant findings observed in
the 4™ week are likely attributable to this molt. However, the
surface temperatures of the beak and legs were significantly
higher in the fast-growing genotype across all weeks. The sim-

of broiler chickens increased with age, though the difference
between the measurements taken at 4 and 6 weeks was not
statistically significant. Considering that surface temperatures
obtained with a thermal camera are influenced by factors, such
as ambient temperature, humidity levels, and airflow, the dif-
ferences observed may be challenging to explain due to the
limited number of studies with similar experimental setups.
In both genotypes, the beak and head surface temperatures
increased with age, while body and trunk surface temperatures
decreased. Consistent with these findings, Cangar et al. (2008)
reported that surface temperatures generally decrease with age
in measurements taken on feathered body parts, suggesting
that this decrease could be due to the increasing number and
quality of feathers, which act as an insulating layer. It has been
reported that rapid feather growth begins at the end of the
2" week in broiler chickens and that the first six weeks are the
period when growth is at its highest (Wecke et al., 2017). Yal-
cin et al. (1997) stated that all broiler chickens are fully feath-
ered at the age of seven weeks. These observations support
the decrease in surface temperatures in the feathered areas as
increasing age. In all measurements, leg surface temperatures
were observed above 37°C in the fast-growing genotype and
above 36°C in the slow-growing genotype. The difference
in surface temperatures between weeks was statistically sig-
nificant in the fast-growing genotype but insignificant in the
slow-growing genotype. It is thought that this significance may
be due to the larger average live weight differences between
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the 4™ and 6™ weeks in the fast-growing genotype. Supporting
our observation, Nascimento et al. (2017) stated that metabol-
ic heat production in broiler chickens increases linearly with
body weight gain.

In the litter surface temperature measurements in the pens
where slow- and fast-growing broiler chickens were reared,
higher litter surface temperatures were consistently observed
in the fast-growing genotype. Supporting this finding, Steen-
feldt et al. (2019) reported that litter surface temperatures were
higher in the pens where fast-growing broiler chickens were
reared.

CONCLUSION

Briefly, feather development on different body parts played
an important role in monitoring surface temperature by ther-
mal imaging. Therefore, feathered and featherless parts should
be considered separately to estimate the surface temperature
of broiler chickens during the rearing period. The results con-
firmed that age and genotype are the factors affecting surface
temperature. It is believed that continuous monitoring of po-
tential fluctuations in ambient and the broiler chickens’ surface
temperatures using infrared thermal cameras throughout the
rearing period is thought to contribute to maintaining ther-
mal comfort and thus can improve the welfare of the broiler
chickens.
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ABSTRACT

Sebaceous neoplasms are among the most frequently observed skin tumors in dogs. The histologi-
cal classification of sebaceous glands (including Meibomian glands) is based on the sebocyte and
basaloid reserve cell components. In this study aiming to examine sebaceous tumors in detail, 28
biopsies diagnosed with sebaceous neoplasia, including Meibomian gland neoplasia, were examined

and diagnosed as adenoma (n:9), epithelioma (n:12), and carcinoma (n:7). Histopathologically; cell

ratios (sebaceous/basal), appeatance (diffuse/multilobular), presence of ulcers, necrosis, inflamma-
tion, pleomorphism and mitosis were evaluated. Ki-67 biomarker was used immunohistochemically
to assess cell division. Based on histopathological and immunohistochemical examinations, it was
determined that epitheliomas would rather be classified as low-grade malignancies due to their noti-

ceable mitotic activity and should be investigated in more detail.
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INTRODUCTION

Sebaceous gland tumors originate from the sebaceous glands
in dermis and are among the most frequently observed tumors
of dogs. They represent the third most common type of skin
tumors, accounting for 22-35% of all cutaneous epithelial tu-
mors (Vail and Withrow, 2007). They are classified as seba-
ceous adenoma, sebaceous ductal adenoma, sebaceous epithe-
lioma, and sebaceous carcinoma according to their histological
appearances. In adenomas, the main tumor cells are sebocytes
with fewer (>50%) basaloid reserve cells and a multilobulated
appearance. In sebaceous ductal adenomas, many keratinized
ducts and few sebocytes and basaloid cells are seen. Sebaceous
epitheliomas are characterized by a dominant population of
basaloid reserve cells with few sebocytes and ducts. This type
is considered a low-grade malignancy tumor, with a high mi-
totic activity and minimal pleomorphism. On the other hand,
carcinomas consist of sebocytes showing pleomorphism with
few reserve cells and ducts and a multilobulated appearance
(Hendrick, 2016; Goldschmidt and Goldschmidt, 2017).

Meibomian neoplasms arise from the tarsal glands on the
inner eyelid. These glands are modified sebaceous glands and
classification of their tumors is similar to sebaceous neoplasms
(Goldschmidt and Goldschmidt, 2017).

Histopathological features and particulatly the epithelial cell
ratio (sebaceous/basaloid) are of non-negligable importance
for classification of sebaceous and meibomian gland tumors.

To cite this article:

Besides, circumscription, ulcer, necrosis, inflammation, pleo-
morphism and mitosis are considered (Costa et al., 2020).

Ki-67 is the most commonly used marker to assess prolif-
eration in tumors. MKI67 is a protein expressed in all nuclei
during the active phases of the cell cycle. Ki-67 is used to de-
tect MKI67. It is stated that the higher Ki-67 ratio a tumor
shows, the more malignant characteristics it has. (Scholzen and
Gerdes, 2000; Sun and Kaufman, 2018).

In this study, 28 cases from 25 dogs submitted to our de-
partment and diagnosed with sebaceous and meibomian gland
tumors were examined, with detailed evaluation of histopatho-
logical features and cell proliferation using Ki-67.

MATERIALS and METHODS

Sections were taken from paraffin blocks prepared from 28
biopsies in total, that were brought from the animal hospital
of the faculty and private clinics. Hematoxylen-Eosin (HE)
and trichrome stainings were performed and epithelial cell ra-
tio (sebaceous/basaloid), diffuse/multilobular presentation,
ulcer, necrosis, presence of inflammation, pleomorphism and
mitosis were evaluated.

Immunohistochemically, sections taken on adhesive (3 ami-
nopropyltriethoxysilane [APES]) slides were treated according
to the kit procedure with avidine-biotine peroxidase meth-
od. For antigen rectrieval, boiling Citrate Buffer was used in
steamer for 20 minutes. Anti-ki67 (1:100) (ThermoScientific,
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SP6) was incubated at 37°C for 1 hour. AEC was used as chro-
mogen, and Mayer’s Hematoxylin was used for couterstaining.
Nuclear positive stainings were evaluated under the light mi-
croscope.

Nuclear pleomorphism (graded as 0,1,2,3 respectively), mi-
totic index (graded as -, +,++,+++ respectively) and Ki-67
(graded as +,++,+++ respectively) were assessed semi-quan-
titatively under x400 magnification.

RESULTS

In the study, sebaceous/meibomian tumors were most
commonly observed in the following breeds: Cocker spaniel
(n:6), Golden Retriever (n:5), Labrador retriever (n:2), Terri-
er (n:2), mixed breeds (n:2), Alaska malamute (n:1), German
Shepherd (n:1), and Siberian Husky (n:1). Breed information

was not available for five dogs. Sebaceous/meibomian tumors
were observed in dogs aged between 2 and 16 years, with an
average age of 9.6 years. Twenty-eight cases were observed in
25 animals (tumors occurred in two different locations in three
animals). Of these, 15 were male, 8 were female, and gender
information was not provided for two. Twenty-one of 28 tu-
mors were located on the head and neck with 14 occuring on
and around the eye and 10 of them being meibomian tumors.
Of the remaining 7 head-neck located tumors, 4 were on the
ear region. Information about the animals, biopsies and diag-
noses are given in Table 1.

Biopsies taken from the eye and the skin were evaluated
together with the prefix meibomian- used for tumors originat-
ing from the eye glands, and sebaceous- used for the tumors
originating from the fat glands (including periorbital region).

Table 1. Breed, gender, age, localization and diagnostic data of the cases.

Icl:srsrfber Dog data Mass data Diagnose

1. Alaskan malamute, Male, 8 years old ~ Under left eye Sebaceous carcinoma

2 Noinformation, Male, 14 years old Eiﬁt zZre f:lz(mal entrance 2252223: Zgitﬁ:ﬁgzz

3 No information, Female, 13 years old Behind right ear Sebaceous epithelioma

4 No information, Male, No information ~ No information Sebaceous gland adenoma
5 No information, Female, 10 years old Eye Meibomian epithelioma

6. Golden retriever, Male, 10 years old Left eyelid Meibomian adenoma

7 No information, Male, 7 years old Right eyelid Sebaceous carcinoma

8 Cocker Spaniel, Female, 12 years old ~ Foot Sebaceous gland adenoma
9 Terrier, Female, 16 years old Forehead Sebaceous epithelioma
10. Labrador retriever, Male, 10 years old ~ Lower eyelid Meibomian epithelioma
11. Golden retriever, Male, 10 years old Left upper eyelid Meibomian adenoma

12. Golden retriever, D, 10 years old Upper eyelid Sebaceous carcinoma

13. German shepherd, Male, 2 years old ~ Eyelid Sebaceous carcinoma

14. Cocker Spaniel, Female, 12 years old Ezrrner of eye gﬁf&?&i;ﬁ;ﬁﬁgﬁrj
15. Melez, Male, 6 years old Skin Sebaceous gland adenoma
16. Cocker Spaniel, Male, 10 years old Ear Sebaceous epithelioma

17. Golden retriever, Male, 10 years old Eye Sebaceous gland adenoma
18. Melez, No information, 3 years old Nape Sebaceous carcinoma

19. Siberian Husky, Male, 10 years old Right eyelid Meibomian carcinoma

20. Cocker Spaniel, Male, 9 years old Left eyelid Meibomian carcinoma

21. Terrier, Female, 10 years old Fossa paralumbalis Sebaceous gland adenoma
22. Cocker Spaniel, Female, 11 years old ~ Skin Sebaceous gland adenoma
2. Cocker Spanicl, Male, S yearsold " M o™
24, Labrador retriever, Male, 9 years old Eyelid Meibomian epiteliyoma
25. Golden retriever, Female, 11 years old  Eye corner Meibomian epithelioma
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Among the 28 biopsies examined, 9 were adenomas, 12 were
epitheliomas, and 7 were carcinomas. In aminals with tumors
in two different regions, two dogs had the same diagnosis for
both tumors, while one had epithelioma on the eye and ade-
mona on the body.

In histopathological evaluation; based on the sebaceous/
basal epithelium ratio, 5 of the sebaceous/meibomian adeno-
mas (55.5%) were graded as 3/1, while 4 (44,4%) were graded
as 3/0 (Figure 1). All of the epitheliomas except for one (n:11,
91,6%) had an epithelial ratio of 1/3 (Figure 2 and Figure 3).
The ratio was 1/2 in one case (8.3%). Among catcinomas, all
but one had a ratio of 3/1 (n: 6, 85.7%), (Figure 4) while one
case (%14.2) had the ratio of 2/2.

When pleomorphism was considered,6 of the adenomas
(n=9) 6 (66.6%) had the score of 0, and 3 (50%) had the score
of 1. The score was 0 in only one of the epithelioma cases
(n=12) (8.33%), while the score was 1 in 8 (66.6%) cases (Fig-
ure 2), and 2 in 3 (25%) cases (Figure 3). Six of the carcinomas
(n=7) (85.7%) scored 2, while one case scored 3 (14.2%)).

Cells had a multilobular pattern in all the adenomas except
for one (n=8), which had a diffuse pattern. Nine of the epithe-

Yiicel Tenekeci, Tung, Demirtas

liomas presented a multilobular pattern (Figure 2 and Figure
3) while 3 had a diffuse pattern (Figure 4). Neoplastic cells
presented a diffuse pattern in all cases with carcinoma (n=7).

In terms of cyst formation, 4 of the adenomas, 11 of the
epitheliomas and 4 of the carcinomas had cysts. Ulceration
was reported in 3 adenomas, 6 epitheliomas, and 4 carcino-
mas. Only one adenoma, 7 epitheliomas and 5 carcinomas
had necrosis. All cases with necrosis were accompanied by ul-
ceration and inflaimmation. Regardless of classification, most
cases (22/28) showed inflammatory changes. Among these
inflammations, neutrophils were predominant in the areas of
ulceration and necrosis, while interstitial sites in tumoral re-
gion mostly contained mononuclear cells. Hemorrhage was
seen in 12 cases (adenoma:1, epithelioma:7, carcinoma:4). His-
topathological evaluations are given in Table 2.

Histopathologically, mitotic activity was severe (+++) (Fig-
ure 2 and Figure 3) in epithelioma, intermediate (++) in carci-
noma, and rarely seen in adenomas.

Immunohistochemically, Ki-67 was moderatly positive (++)
in epithelioma and carcinoma, while it was mild (+) in adeno-

mas. (Figure 5).

N ST L A

50 um

Figure 2. E1thehorna. Epthum ratio (seacous /
basaloid): 1/3, Nuclear pleomorphism:1, multilobular
appearance, mitotic figures (+++) (arrows), HE.
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F NIAY - Yo N i i, . T
Figure 3. Epithe . Epitheliu ratli) (sebaceous/
basaloid): 1/3, Nuclear pleomorphism:2, multilobular
appearance, mitotic figures (+++) (arrows), HE.

‘f 3 ™ 3 s .. A QZ ?_‘l;‘ ‘100‘;1!7\ _
Figure 4. Carcinoma. Epithelium ratio (sebaceous/
basaloid): 3/1, diffuse appearance, HE.

Figure 5. Immunohistochemical grading of sebaceous gland tumors for Ki-67

marker. Nuclear positivities (arrows), a) Adenoma (+), b) epithelioma (++) and
¢,d) carcinoma (++).
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DISCUSSION

Twenty-cight biopsy samples taken from 25 dogs in to-
tal were evaluated in this study. Cocker Spaniel is one of the
breeds in which sebaceous tumors are frequently seen,as re-
flected in our findings. In terms of age, especially with epi-
theliomas being reported in dogs over 9-10 years of age, our
results are consistent with previous literature (Goldschmidt
and Goldschmidt, 2017). Although no general gender predis-
position was previously stated, it drew attention that the tu-
mors were mostly seen in male animals in our study. While
tumor classification was made into 4 groups (sebaceous ade-
noma, sebaceous ductal adenoma, sebaceous epithelioma, and
sebaceous carcinoma) (Goldschmidt and Goldschmidt, 2017),
no ductal adenomas were encountered. Same classification was
used for Meibomian gland tumors.

Sebaceous adenomas are known to be well-circumscribed
nodules and are composed of large amount of typical and uni-
form sebaceous cells (Goldschmidt and Goldschmidt, 2017).
Sebaceous carcinomas are poorly circumscribed nodules com-
posed of large amount of atypical and pleomorphic sebaceous
cells. These tumors are distinguishable by the lack of signif-
icant numbers of basaloid reserve cells (Goldschmidt and
Goldschmidt, 2017). Sebaceous epitheliomas are identified
by their predominant population of reserve cells, with small
numbers of sebocytes (Goldschmidt and Goldschmidt, 2017).
Consistent with previous research, adenomas were well-cir-
cumscribed and had a nodular/multi-nodular pattern while
carcinomas mainly had a diffuse pattern. In the detailed evalu-
ation of tumor components, the sebaceous-to-basaloid epithe-
lium ratios were examined. The highest ratios were reported
for adenomas, epitheliomas and carcinomas with 80% (3:1),
100% (1:3), and 66.7% (2:2) respectively. In a similar study by
Costa et al. (2020), the ratios were reported as 55.5% (3:1) for
adenoma, 91.6% (1:3) for epithelioma, and 85.7% (3:1) for car-
cinoma. These findings suggest that carcinomas have a notably
higher ratio of sebaceous epithelium.

Necrosis is a well-known criterion to evaluate whether tu-
mors are aggresive and fast-growing (Proskuryakov and Gab-
ai, 2000). Inflammation can also accompany necrosis. In our
study both criteria correlated with malignancy of the tumors.
The presence of these histopathological criteria in epithelio-
mas similatly to carcinomas highlights the malignancy poten-
tial of epitheliomas as well. .

Regarding pleomorphism, parallel to a similar study (Costa
et al, 2020), intermediate pleomorphism (scorel and 2) was
prominent in epitheliomas. On the other hand, the presence
of only one carcinoma with a pleomorphism score of 3 (the
highest) drew our attention.

One of the most important malignancy criteria for tu-
mors is without a doubt the histopathological evaluation of
the mitotic activity as a high mitotic index is characteristic of
malignant tumors (De Las Mulas et al, 1999; Bertram et al,
2024). In our study, mitotic activity was found to be higher in
epitheliomas than in carcinomas. Ki-67 protein comes forth
while evaluating the cell division phases (Gerdes et al, 1983;
Scholzen and Gerdes, 2000). This protein is only expressed in

the growing and dividing phases (G1, S, G2, and M) but not
in the resting phase (G0). That is why Ki-67 is a good marker
for aggressively proliferating tumor cells (Starborg et al, 1996;
Li et al, 2015). Our data suggest that, both epithelioma and
carcinoma had moderate ki-67 expression. The conventional
criteria for differentiating sebaceous adenoma from epithelio-
ma are not appropriate. Similarly, a study by Keles et al. (2024)
on dogs showed that epitheliomas are potentially malignant.
Kim et al. (2024) have also named epithelioma as carcinoma.

CONCLUSION

As a result, prominent changes in subtypes were revealed
through detailed histopathological examinations. Further-
more, we suggest that the prognosis of epitheliomas should
be examined in more detail due to the fact that they are a fre-
quently observed tumor with low-grade malignancy. Given the
findings on low-grade malignancy potential in epitheliomas,
future prognostic studies specifically targeting these tumor
types would be beneficial.
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