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Determination of  feed value of  chemically treated sun-dried grape pomace

Kadir Emre Buğdaycı1, Derya Merve Karagöz1, Fatma Karakaş Oğuz1, Mustafa Numan Oğuz1,  
Esra Çağan Ulusan1, Aykut Nacak1

ABSTRACT
This study aimed to elucidate the effects of  various chemical treatments on the in vitro dry matter 
digestibility (IVDMD) and concomitant feed value of  dried grape pomace (DGP). Sun-dried grape 
pomace, derived from grapes processed in Denizli, Türkiye province was used in the experiment. 
One control group and three treatment groups were established, each with eight replicates. The first, 
second and third experimental groups were treated with 1.5% ammonia (NH3), 3% urea (CH4N2O) 
and 3% sodium hydroxide (3%) (NaOH), respectively. The dry matter content was set at 50% for 
all groups. The control group received no additional chemicals. All groups were kept in airtight, 
closed plastic bags at room temperature for one week. Adding NH3 and CH4N2O significantly im-
proved crude protein levels (24.45 and 19.84%, respectively) and in vitro protein degradability (59.84 
and 65.69%, respectively) in the experimental groups (p<0.001). Treatment with CH4N2O did not 
exert the same deleterious effect on the ether extract concentration of  desiccated grape pomace 
(p<0.004) as treatment with NaOH. Moreover, relative feed value declined significantly more after 
NaOH treatment compared to treatments containing nitrogen (p<0.001). Additionally, NaOH treat-
ment yielded the lowest in vitro protein degradability of  DGP at 40.32% (p<0.001). With an in vitro 
dry matter degradability of  47.18%, the findings indicate that among the chemical treatments inves-
tigated, application of  NH3 resulted in the lowest degradability value (p<0.001). Consequently, it can 
be inferred that the feed value and digestibility of  desiccated grape pomace are highly influenced by 
the nitrogen concentration or basic nature of  the supplemental chemical compounds.

1Department of  Animal Nutrition and Nutritional Diseases, Faculty of  Veterinary Medicine, Burdur Mehmet Akif  Ersoy University, Burdur, Türkiye
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INTRODUCTION

The utilization of  nutritionally valuable by-products in 
animal nutrition is common in the agriculture sector. Grape 
pomace is, however, one of  these underutilized agricultur-
al by-products. Although grape production areas in Türkiye 
have decreased since 2013 (Sümbül and Yıldız, 2022), FAO 
statistics put it 7th in the world with 390 thousand hectares in 
2021 (Faostat, 2023).  Türkiye produced 4 million 165 thou-
sand tons of  grapes in 2022 (2 million 99 thousand for table, 1 
million 681 thousand for drying, and 383 thousand for wine). 
This production constitutes 15.5% of  the country’s total out-
put in the fruits, beverages, and spices category (TUIK, 2023). 
The waste product from pressing grapes for wine or juice is 
called grape pomace. Varış et al. (2000) state that approximate-
ly 15-25% of  grapes used in wine production are left as grape 
pomace. Nerantzis and Tataridis (2006) describe grape pom-
ace’ composition as 24.9% stem, 22.5% seed, and 42.5% peels. 
The chemical composition of  pomace varies depending on the 
grape variety, climate conditions, and winemaking techniques 
(Deng et al., 2011). Due to its high moisture content, grape 
pomace is often recommended to be processed by drying or 
ensiling for use in animal feed (Özdüven et al., 2005).

Bahrami et al. (2010) found that incorporating 10% grape 
pomace in the diet did not adversely affect lamb growth. The 
addition of  20% grape pomace to heifer rations had no neg-

ative effect on fattening performance or feed intake (Voicu et 
al., 2014). Zhen-Zhen et al. (2015) noted that incorporating 
8-16% grape pomace in lamb diets improves feed conversion 
ratio, daily live weight gain, and several carcass characteristics. 
The present experiments evince that grape pomace can serve 
as a partial replacement for roughage, and that augmenting 
its feed value may engender improved performance. Chemical 
analyses have demonstrated that the crude protein (CP) con-
tent of  grape pomace ranges from 6.6% (Besharati and Taghi-
zadeh, 2010) to 17.27% (Aghsaghali et al., 2011). Similar varia-
tions in acid detergent fiber (ADF) and neutral detergent fiber 
(NDF) content have been reported. For instance, Besharati 
and Taghizadeh (2010) reported pomace’s ADF and NDF lev-
els as 18.4% and 18.7%, respectively, while Atalay (2020) re-
ported them as 53.88% and 58.8%. According to Sarıçiçek and 
Kılıç (2002), grape pomace had a 48-hour dry matter (DM) 
degradability of  18.57%, an organic matter degradability of  
16.19%, a low crude protein degradability of  19.80%, and a 
high pepsin solubility of  42.80%. In vitro studies conducted by 
Kılıç and Abdiwali (2016) revealed that DGP exhibited high-
er true digestibility, DM digestibility, and relative feed value 
(RFV), along with increased dry matter intake (DMI), com-
pared to grape seeds.

Recent investigations have evinced that the application of  
different chemical compounds to low-quality or alternative 
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forages can decrease ADF and NDF levels, thereby enhanc-
ing the digestibility of  DM and organic matter (Rezaii et al., 
2023; Uzatıcı et al., 2022; Maduro Dias et al., 2021). Rezaii et 
al. (2023) found that treatment of  cumin straw with CH₄N₂O 
led to an increase in its NDF level. Uzatıcı et al. (2022) demon-
strated that applying 1-3% sodium hydroxide (NaOH) to cane 
(Phragmites australis) reduced its NDF and ADF content while 
enhancing the digestibility of  total DM (1-3%) and organic 
matter (2 and 3%). Rezaii et al. (2023) also observed that hy-
drogen peroxide treatment of  cumin straw increased its total 
digestible nutrients (TDN) but decreased both the amount of  
ADF and DM digestibility. Maduro Dias et al. (2021) reported 
that treating ginger lily components with 8% NaOH not only 
decreased the plant’s ADF and NDF levels but also increased 
its in vitro digestibility of  dry matter (IVDMD) and organic 
matter. Similar results were observed in the Arundo donax plant 
treated with 8% NaOH (Teixeira et al., 2021). 

The NaOH utilized in the present study is classified as an 
acidity regulator for cats, dogs, and ornamental fish according 
to Annex I of  the EU Feed Additives Regulation published on 
January 21, 2013 (Code 1j524). However, NaOH can addition-
ally be employed in product processing as part of  its designat-
ed application under the ‘special use’ categorization (EC 2003). 
Conversely, CH₄N₂O is also permitted for use in ruminants 
(EC 2012). It was observed that there exists no regulation 
governing the use of  liquid NH3 in animal feed. The purpose 
of  this investigation is to explore whether grape pomace, a 
by-product of  the grape industry, can be utilized as a roughage 
supplement in animal husbandry. To this end, an assessment 
was conducted on the nutritional value, in vitro protein degrad-
ability, and IVDMD of  DGP in response to interventions in-
volving NH3, CH₄N₂O, and NaOH, all of  which constitute 
economically viable additives for producers.

MATERIALS and METHODS

DGP from the province of  Denizli-Türkiye was used in the 
study. Three experimental groups and one control group were 
established, each consisting of  eight replicates. Solutions of  
1.5% ammonia (DGP-NH3), 3% urea (DGP- CH₄N₂O), and 
3% sodium hydroxide (DGP-NaOH) were prepared in dis-
tilled water and applied (by hand mixing) to the first, second, 
and third experimental groups, respectively. The DM content 
was standardized to 50% for all groups. The study methodol-
ogy employed herein adheres to the approaches delineated by 
Martens et al. (2022) and Uzatıcı et al. (2022) for determining 
the requisite quantities of  NaOH and CH₄N₂O, as well as for 
standardizing the treatments at 50% DM. The treatment level 
was established at 1.5%, thereby ensuring that the application 
of  liquid NH3 in this investigation did not perturb the 50% 
DM standardization. The control group received no chemical 
additives, and distilled water was used to adjust moisture lev-
els. All the study groups were stored in airtight plastic bags at 
room temperature for one week (Martens et al., 2022; Teixeira 
et al., 2021).

Determination of  nutritional content of  groups

The levels of  DM, crude ash (CA), CP, and ether extract 
(EE) in the samples were determined using the techniques 

outlined in AOAC (2000). The quantification of  crude fiber 
(CF), NDF, ADF, and acid detergent lignin (ADL) was per-
formed using an ANKOM A2000 Fiber Analyzer (ANKOM 
Technology, NY, USA) (Ahsan, 2023).

Determination of  roughage qualities and relative feed value

To calculate the forage quality (including total carbohydrate, 
non-structural carbohydrate, cellulose, hemicellulose, net en-
ergy lactation (NEL), and total digestible nutrient (TDN) con-
tent and (RFV) of  the control and experimental groups, the 
following formulas were used (Ahsan, 2023; Horrocks and 
Vallentine, 1999).

• Total carbohydrates (in dry matter) = DM% – (CP% + 
CA%+ EE%)

• Non-structural carbohydrates (%, DM basis) = 100 – 
(NDF% + CP %+ CA% + EE%) 

• Cellulose (%, DM basis) = ADF% –ADL%

• Hemicellulose (%, DM basis) = NDF% – ADF% 

• NEL (Mcal/kg) = [1.044 – (0.0119 × ADF%)] × 2.205

• TDN (%, DM basis) = (–1.291 × ADF%) + 101.35

• Digestible dry matter-DDM (%, DM basis) = 88.9 – 
(0.779 × ADF%)

• Dry matter intake-DMI (%, DM basis) = 120 ÷ NDF%

• Relative feed value-RFV (%, DM basis) = DDM% × 
DMI% × 0.775 

RFV is a key metric used in the evaluation and marketing of  
roughage. According to Kılıç and Addi Abdiwali (2016), RFV 
values below 75 indicate poor quality, 75-86 signify 4th quality, 
87-102 3rd, 103-124 2nd, 125-151 as good, and values greater 
than 151 are considered 1st quality. 

Determination of  in vitro rumen digestibility and crude protein de-
gradability of  groups

The IVDMD and organic matter digestibility (IVOMD) 
were determined for each group using the ANKOM Daisy II 
incubator. For this purpose, duplicate samples were weighed 
and placed into filter bags (25 mm pore size propylene poly-
ester) compatible with the device. These filter bags were then 
placed in the rumen fluid incubator bottle. The ruminal con-
tents utilized were obtained by combining those from three 
distinct bovine subjects (13-month-old Holstein steers) that 
had been slaughtered subsequent to receiving a diet consisting 
of  barley and corn silage. The fluid was transported to the 
laboratory within 20 minutes, using a thermos maintained at 
a constant temperature of  39°C. The filter bags were subse-
quently subjected to a 48-hour incubation period in an AN-
KOM Daisy II incubator containing ruminal content, buffer 
A, and buffer B. The quantities of  each component (KH2PO4, 
MgSO4 • 7H2O, NaCl, CaCl2 • 2H2O, and CH₄N₂O) utilized in 
the preparation of  the Buffer A solution were as specified in 
the prescribed methodology. The constituents of  the buffer 
B solution were Na2CO3 and Na2S•9H2O. Anaerobic condi-
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tions were maintained throughout the procedure by means of  
a continuous carbon dioxide gas flow. Finally, the values for 
IVDMD and IVOMD were calculated based on the process 
(Ahsan, 2023).

Statistical analysis

For statistical analysis, the software SPSS 18.0 (IBM Corp., 
Armonk, NY, US) was employed. The Kolmogorov-Smirnov 
test was utilized to assess whether the data followed a normal 
distribution. One-way analysis of  variance (ANOVA) was per-
formed to compare the differences in values across the groups. 
Duncan’s multiple range test was used to determine the signif-
icance of  differences in mean values between groups. Results 
are presented as marginal means and their associated standard 
errors. A p-value of  less than 0.05 was considered statistically 
significant (Dawson and Trapp, 2001).

RESULTS

The nutrient content, and levels of  fiber fractions (NDF, 
ADF, and ADL) of  grape pomace treated with various 
chemicals are depicted in Table 1. Compared to the control 
and NaOH treatment groups, the application of  NH3 and 
CH₄N₂O substantially increased CP levels (24.45 and 19.84%, 
respectively) (p<0.001), with improvements ranged from 61-
90%. Regarding EE content, the two N-containing groups 
(DGP- CH₄N₂O and DGP-NH3) exhibited similarity. The dif-
ference in EE content between these groups and the control 

and DGP-NaOH groups did not reach statistical significance. 
Remarkably, all experimental groups exhibited significant-
ly higher ADF, NDF, and ADL levels when compared with 
the control group (p<0.035). Moreover, the DGP- CH₄N₂O 
group demonstrated the highest CA content in comparison to 
the control and other experimental groups (p<0.001).

The effect of  chemical treatments on total carbohydrates 
(CHO), non-fibrous carbohydrates (NFC), cellulose and he-
micellulose levels in grape pomace is shown in Table 2. In the 
study, no alteration was seen in calculated structural carbohy-
drate levels (cellulose and hemicellulose).  Table 3 presents 
the feed value and in vitro digestibility of  chemically treated 
grape pomace. Notably, all chemically treated experimen-
tal groups exhibited considerably lower values for digestible 
DDM, DMI, RFV, NEL, and TDN compared to the control 
group (p<0.001). Interestingly, no significant differences were 
found between the experimental groups treated with N-con-
taining chemicals (DGP- CH₄N₂O and DGP-NH3). The 
IVPD values for the two N-containing experimental groups 
(DGP- CH₄N₂O and DGP-NH3) were 65.69% and 59.84%, 
respectively. Although a significant difference existed between 
these values, they were naturally significantly higher (p<0.001) 
than that of  the DGP-NaOH group (40.32%). Conversely, 
the IVDMD and IVOMD values of  both N-containing ex-
perimental groups were significantly reduced compared to the 
control group (p<0.001).
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Experimental Groups
Nutrients Control DGP-NH3 DGP-CH₄N₂O DGP-NaOH p
DM 94.04 ± 0.04 c 94.94 ± 0.24 b 95.90 ± 0.03 a 94.90 ± 0.02b 0.001
CF 31.31 ± 0.23 b 33.55 ± 0.36 a 32.19 ± 0.40 b 30.19 ± 0.37 c 0.001
EE 3.78 ± 0.15 bc 4.35 ± 0.23 a 4.06 ± 0.11 ab 3.50 ± 0.13 c 0.004
CP 12.86 ± 0.15 c 24.45 ± 0.22 a 19.84 ± 0.47 b 12.32 ± 0.18 c 0.001
CA 6.14 ± 0.07 b 5.88 ± 0.05 b 9.97 ± 0.30 a 6.52 ± 0.38 b 0.001
ADF 19.21 ± 0.33 b 20.53 ± 0.39 a 21.11 ± 0.43 a 21,61 ± 0.41 a 0.001
ADL 13.07 ± 0.31 b 14.53 ± 0.40 a 14.72 ± 0.58 a 14.75 ± 0.48 a 0.035
NDF 23.08 ± 0.36 b 24.51 ± 0.40 a 24.88 ± 0.41 a 25.73 ± 0.74 a 0.005

Table 1. Nutrient content and NDF, ADF, and ADL levels of  grape pomace treated with chemicals (%, DM basis).

DM: Dry matter, CF: Crude fiber, EE: Ether extract, CP: Crude protein, CA: Crude ash, ADF: Ash-free acid deter-
gent fiber, ADL: Acid detergent lignin, NDF: Ash-free neutral detergent fiber after amylase treatment.

Experimental Groups
Nutrients Control DGP-NH3 DGP-CH₄N₂O DGP-NaOH p
Total CHO 71.25 ± 0.27 b 60.25 ± 0.37 d 62.02 ± 0.56 c 72.55 ± 0.46 a 0.001
NFC 54.12 ± 0.44 a 40.79 ± 0.41 c 41.22 ± 0.67 c 51.91 ± 0.75 b 0.001
Hemicellulose 3.86 ± 0.07 3.98 ± 0.09 3.76 ± 0.25 4.11 ± 0.41 0.788
Cellulose 6.13 ± 0.07 6.00 ± 0.18 6.39 ± 0.34 6.86 ± 0.39 0.155

Table 2. The effect of  chemical treatments on total CHO, NFC, cellulose, and hemicellulose levels in grape 
pomace (%, DM basis).

Total CHO: Total carbohydrates, NFC: Non-fibrous carbohydrates.



DISCUSSION 

The CP levels observed in the control and DGP-NaOH 
groups, 12.86% and 12.32% respectively, were comparable to 
the 12.5% level reported for dried grape pomace (DGP) by 
Kılıç and Abdiwali (2016). Several studies (Pop et al., 2015; 
Basalan et al., 2011; Baumgartel et al., 2007) indicate that there 
may be a difference in CP levels between 2.1 and 6.2% in fa-
vor of  red grape pomace. Furthermore, the findings of  Ha-
nusovsky et al. (2020) evinced that the crude protein content 
of  pomace derived from the same grape variety can exhibit 
a disparity of  approximately 2.7% when cultivated in distin-
ct geographical locales. The soil and climate where the grape 
grow will influence the nutritional level, although variations in 
processing methods could also play a role. The CP levels were 
found to be elevated in DGP treated with NH3 or CH₄N₂O. It 
is plausible that the high nitrogen content of  these two chemi-
cal compounds may be responsible for the observed increase 
in CP levels. The EE level obtained by NaOH treatment of  
DGP is congruent with the findings of  Sarıçiçek and Kılıç 
(2002) (3.67%). Notably, the EE ratio of  the DGP-NH3 group 
(4.35%) is substantially higher than that of  the control and 
NaOH groups. This phenomenon could be attributable to eit-
her the interaction between NH3 and oil or the hydrolysis of  
lipids facilitated by NaOH. Basalan et al. (2011) reported that 
the EE content in grape pomace seed, membrane plus soft 
tissue, and stem is 6.2%, 4.6%, and 1.2%, respectively.

Numerous studies have reported that the CF content of  po-
mace is influenced by factors such as the grape variety, the pro-
portion of  stems present in the pomace, and the region where 
the grapes are cultivated (Hanusovsky et al., 2020; Pop et al., 
2015; Baumgartel et al., 2007). According to Baumgartel et al. 
(2007) and Pop et al. (2015), red grape pomace exhibited a CF 
content of  31.2%, stemless red grape pomace had 31.31%, 
and stalked white grape pomace contained 32.28%. These 
values are consistent with those observed for the untreated 

pomace (control) and DGP-CH₄N₂O groups in the present 
study. However, according to reports, the CF content of  grape 
pomace from Slovakia’s Zwegelt and Austria’s Green Veltlin-
er is 23.3% and 12%, respectively (Hanusovsky et al., 2020). 
Sarıçiçek and Kılıç (2002) reported 18.6% CA in grape pom-
ace. The grape species could be the cause of  the high CA level. 
The results of  the study are consistent with the CA values of  
white-stemmed and red-stemmed grape pomace (6.46% and 
6.51%, respectively) in the control, DGP-NH3, and DGP-
NaOH groups. The high CA of  the DGP- CH₄N₂O group 
in the study may be due to the purity level of  the CH₄N₂O 
used or the seed content of  the pomace mixture. Özcan et al. 
(2017) reported that the mineral content of  grape seed is hi-
gher compared to the rest of  the grape. Similar to those mea-
sured from Green Veltliner grape pomace produced in Austria 
(Hanusovsky et al., 2020), the values of  ADF, NDF, ADL in 
the experimental groups of  this study are in agreement with 
those reported. 

There is a lack of  study about the effects of  chemical treat-
ment on the structural carbohydrates of  DGP. However, cer-
tain studies have demonstrated that the ADF, NDF, and ADL 
levels of  pomace are influenced by the country where the gra-
pe is produced (the soil or climate in which it grows) (Hanu-
sovsky et al., 2020), as well as its variety (Kılıç and Abdiwali, 
2016; Winkler et al., 2015; Baumgartel et al., 2007). Hanuso-
vsky et al. (2020) reported that structural carbohydrates in a 
single grape variety grown in Slovakia can exhibit variations of  
4.9 to 5.9%. The present study’s ADF, NDF, and ADL values 
for all chemical groups were lower compared to the results of  
earlier studies (Kılıç and Abdiwali, 2016; Winkler et al., 2015; 
Baumgartel et al., 2007) on grape pomace. The literature indi-
cates that the ADF content of  white grape pomace was 43.7% 
(Winkler et al., 2015), while the NDF content was 50.7% (Ba-
umgartel et al., 2007). Regarding DGP, the ADL was reported 
as 32.4% (Kılıc and Abdiwali, 2016).
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Experimental Groups
Control DGP-NH3 DGP-CH₄N₂O DGP-NaOH p

Feed value
DDM 73.93 ± 0.26 a 72.77 ± 0.32 b 72.44 ± 0.33 b 70.39 ± 0.35 c 0.001
DMI 5.21 ± 0.08 a 4.91 ± 0.08 b 4.84 ± 0.08 b 4.12 ± 0.06 c 0.001
RFV 299.25 ± 5.80 a 277.56 ± 5.98 b 272.25 ± 6.13 b 225.40 ± 4.59 c 0.001
NEL 1.79 ± 0.01 a 1.74 ± 0.01 b 1.74 ± 0.01 b 1.67 ± 0.01 c 0.001
TDN 76.54 ± 0.43 a 74.11 ± 0.87 b 74.08 ± 0.55 b 70.69 ± 0.59 c 0.001

In vitro digestibility
IVPD 47.63 ± 1.60 c 59.84 ± 1.34 b 65.69 ± 0.98 a 40.32 ± 1.51 d 0.001
IVDMD 59.43 ± 0.60 a 47.18 ± 0.69 c 54.39 ± 0.76 b 56.94 ± 1.59 ab 0.001
IVOMD 58.45 ± 0.61a 46.22 ± 0.73 b 47.91 ± 1.02 b 55.39 ± 1.69 a 0.001

Table 3. Feed value and in vitro digestibility of  grape pomace treated with chemicals (%, DM basis).

DDM: Digestible dry matter (%, DM basis), DMI: Dry matter intake (% body weight), RFV: Relative feed value, NEL: 
Net energy for lactation (Mcal/kg), TDN: Total digestible nutrients (%, DM basis), IVPD: In vitro protein degradabil-
ity (%, DM basis), IVDMD: In vitro true dry matter digestibility (%, DM basis), IVOMD: In vitro true organic matter 
digestibility (%, DM basis). 



Chemical treatments did not significantly alter the amounts 
of  cellulose and hemicellulose in the groups. The cellulose 
content observed in DGP aligns with the findings of  Kılıç 
and Abdiwali (2016). Similarly, the hemicellulose level mirrors 
the results reported for Austrian Pinot Blanc grape pomace by 
Honisovsky et al. (2020). The NFC values of  the control and 
DGP-NaOH groups resemble those of  Austrian Green Velt-
liner grape (54%). Conversely, the NFC values of  the DGP-
NH3 and DGP- CH₄N₂O groups more closely match the va-
lues of  Pinot Blanc grape pomace (41.5%) (Hanusovsky et al., 
2020). The reduction in pomace’s NFC value induced by both 
N-containing chemicals may correlate with the concurrent inc-
rease in its nitrogen content.

Kılıç and Abdiwali (2016) reported that DGP had DDM, 
DMI, and RFV of  62.61, 2.74, and 133.06%, respectively. 
These values are lower than those observed in our trial and 
control groups in the present study. Within the present study, 
the DGP-NaOH group exhibited the lowest relative feed value 
(RFV) at 225.40. However, it should be noted that Linn and 
Martin (1999) have posited that an RFV score exceeding 151 
is indicative of  roughage meeting the highest quality classifi-
cation criteria. Investigations examining the in vitro dry matter 
digestibility (IVDMD) of  grape pomace are relatively scarce. 
Nonetheless, the IVDMD levels observed in the control and 
DGP-NaOH groups were congruent with the report by Kılıç 
and Abdiwali (2016) (62.61%). This variation may be attribut-
ed to differences in grape species and the proportion of  stems 
to seeds. Çakmakçı and Barut (1997) noted that NaOH treat-
ment of  low-nutritional-value forages solubilized some hemi-
cellulose without affecting the cellulose concentration. Various 
studies have shown that NaOH treatment of  alternative for-
ages enhances their IVDMD (Uzatıcı et al., 2022; Maduro et 
al., 2021; Teixeira et al., 2021). The IVDMD results for DGP-
NaOH are consistent with literatures. However, the IVDMD 
of  pomace was significantly reduced following NH3 treatment 
compared to the control and other trial groups. The reduction 
in digestibility might be attributed to the low hemicellulose 
levels (3-4%) in the DGP used in the present study. Currently, 
literature lacks data on protein degradability for DGP. In the 
present study, the IVPD in the DGP-NH3 and DGP-CH₄N₂O 
groups were significantly higher compared to the DGP-NaOH 
and control groups. Nevertheless, it is evident that both nitro-
gen (N)-containing chemicals, NH3 and CH₄N₂O significantly 
enhance the CP level in pomace.

CONCLUSION

The nutritional composition of  DGP is significantly affe-
cted by chemical treatments. N-containing chemicals such as 
CH₄N₂O and NH3 were found to increase DGP’s IVPD and 
CP levels. Conversely, IVDMD decreased with NH3 treatment, 
while NaOH treatment led to its increase. All groups exhibited 
RFV values meeting the criteria for top-level roughages in the 
study. However, NaOH treatment resulted in a lower RFV va-
lue for DGP compared to other chemical treatments. Further 
studies on the feed value and IVDMD of  DGP may benefit 
from maintaining lower moisture content, thereby prolonging 
the incubation period, which holds potential for enhancing the 
literature through extended chemical application periods. 
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Investigation of  the shape of  goat (capra hircus) astragalus via geometric  
morphometry method

Tuğba Oktay1, Yasin Demiraslan2, Özcan Özgel2

ABSTRACT
The aim of  this study is to determine the effect of  sex on shape of  goat astragalus via geometric 
morphometry method. A total of  37 astragalus bone samples collected from 16 female and 21 male 
goats were used as material. Bone samples were cleaned from skin and soft tissue and then macerated 
by boiling. Astragalus bone samples were photographed from a distance of  20 cm dorsally by focu-
sing on the center of  the bone. The photographs were transferred to the computer in JPEG format. 
Principal Component Analysis, Regression Analysis, Canonical Variate Analysis, and Discriminant 
Function Analysis were conducted using the Cartesian coordinate values, which were obtained by 
homologous landmark marking. The first two principal components accounted for 75.967% of  the 
total shape variation. Shape variation was determined in different regions of  the astragalus. Accor-
ding to the scatter plot of  male and female individuals, male individuals were completely placed 
within the confidence interval ellipse of  female individuals. It was found that allometric effect on the 
shape of  astragalus bone was not statistically significant. As a result of  Canonical Variate Analysis, 
mahalanobis and procrustes distances were detected as 2.9216 (p<0.0001) and 0.0645 (p=0.0035), 
respectively. This test indicated two female individuals in the group of  males. The proximal of  male 
goat astragalus was wider than that of  female goats. The results of  the Discriminate Function Analy-
sis revealed that 8 of  the female individuals and 7 of  the male individuals were incorrectly grouped 
according to the cross validation scores. Geometric morphometry and the related analyses allowed 
to examine the differences between the astragalus bone samples of  male and female goats. The fact 
that the astragalus bone of  male goats was wider than that of  females supported the studies using 
linear measurements in the literature. Consequently, the result indicating that sex factor had a limited 
grouping effect on astragalus shape in goats was obtained.
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INTRODUCTION

Capra hircus is a species known as domestic goat belonging 
to the genus Capra of  the family Bovidae (Payne and Wilson, 
1999). Goats, known as the first domesticated animal species 
(Zeder and Hesse, 2000), have been in relation with humans 
since about 10.000 years ago according to the archeological 
findings. Human beings have reared goats as of  ancient times 
to obtain animal products. The reason for being a common 
species when compared to other animal species is their easy 
adaptation to environmental conditions and their resistance to 
diseases and parasites (Naderi et al., 2008).

Geometric morphometry is the analysis of  shape variables 
including all geometric information in the data (Slice, 2007). 
This method is based on the quantification of  the shape of  
the material by using two- or three-dimensional coordinates 
of  anatomical landmarks and semi-landmarks (Gonzalez et al., 
2009). In geometric morphometry, measurements are taken 
with three-dimensional digitalization tools or special software 
(Aytek, 2017). This method directly focuses on shape differ-
ences in individuals and/or groups (Özkan, 2022).

Astragalus is the second largest tarsal bone after the calca-
neus. It consists of  three parts: corpus tali, collum tali, and 

caput tali (Motagi et al., 2015). The trochlea of  the astragalus 
articulates with the tibia and its plantar and lateral parts articu-
late with the calcaneus (König and Liebich, 2013). 

Especially in forensic deaths and archaeological remains, 
bones are often found as fragmented and mixed (Figus et al., 
2017). For these reasons, biological profiles are created from 
different bones that can be an alternative to bones such as 
pelvic and cranial bones, which are important in sex deter-
mination (Brzobohat, 2015). It is known that individuals of  
different sexs have different gait kinetics, postures, and joint 
angles (Graci et al., 2012). It is thought that these differences 
may be reflected in the general shape of  the astragalus (Sor-
rentino et al., 2020). There have been studies in the literature 
in which linear measurements of  bones such as astragalus and 
calcaneus were performed (Davies et al., 2014; Nathena et al., 
2017). However, it is known that studies conducted with linear 
measurements have some limitations (Lee et al., 2015). Geo-
metric morphometry eliminates the limitations of  linear mea-
surements (Kranioti et al., 2009) as it provides too much data 
on shape (Aytek, 2017).

The geometric morphometry method was preferred as it 
eliminates the limitations of  linear measurements and it was 
aimed to investigate its role in sex determination. 
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MATERIALS and METHODS

A total of  37 right astragalus bones from 16 adult (2-3 years 
old) female goats and 21 adult (2-3 years old)  male goats were 
used in the study. Bone materials were cleaned from skin and 
soft tissue and then boiled. After boiling, the tissues remaining 
on the bone were well cleaned.

Geometric Morphometric Analysis

Astragalus bones were photographed from a distance of  
20 cm from the dorsal side and focusing on the center of  
the bone (Canon 600D 18x55 lens, Japan). The photographs 
were transferred to computer in JPEG format. These imag-
es were converted to tps format using TpsUtil (Version 1.79) 
software (Rohlf, 2019).  Cartesian coordinates of  homolo-
gous LMs (sign element) were determined by marking on the 
images with TpsDig2 (Version 2.31) software (Rohlf, 2018). 
Principal Component Analysis (PCA) was performed on the 
coordinates. MorphoJ (Klingenberg, 2011) software was used 
to determine the LM levels and directions where shape dif-
ferences were observed between groups. Regression analysis 
was performed to determine the allometric effect (Jeanjean et 
al., 2022). Canonical Variate Analysis (CVA) and Discriminate 
Function Analysis (DFA) were then performed to analyze the 
accuracy of  classification.

LMs marked on dorsal surface of  the astragalus (Figure 1);

1. Most proximal end of  lateral proximal condyl

2. Lateral side of  the center

3. Most lateral end of  distal lateral condyl

4. Most medial end of  distal lateral condyl 

5. Most concave point between distal lateral and medial 
condyle

6. Most lateral end of  distal medial condyl

7. Most medial end of  distal medial condyl

8. Distal start point of  the medial eminence

9. Peak point of  the medial eminence 

10. Proximal start point of  the medial eminence

11. Most proximal end of  medial proximal condyl

12. The most proximal concave point between the lateral 
and medial condyle 

RESULTS

A total of  20 principal components were calculated in the 
study. PC1 accounted for 53.891% of  the total shape variation. 
The first 2 principal components accounted for 75.967% of  
the total shape variation.

Figure 2 shows the shape variation graph obtained from 
principal component analysis. Accordingly, LM2, LM8, LM9, 
LM10, and LM11 were determined as the landmarks with the 
most significant amount of  first order variation. Secondari-

ly responsible landmarks were determined as LM1 and LM7. 
The other landmarks contributed the least to the amount of  
variation. Therefore, variation was determined in the central 
lateral edge, medial eminence and medial proximal condyle of  
the astragalus (Figure 2).

According to the scatter plot of  male and female individuals 
in goats, male individuals were completely placed within the 
confidence interval ellipse of  female individuals (Figure 3). 

Size had an allometric effect of  3.0326% on the shape. The 
allometric effect was not statistically significant in the 10.000 
rounds permutation test (P=0.3200).

As a result of  CVA, the mahalanobis and procrustes dis-
tances were 2.9216 (P<0.0001) and 0.0645 (P=0.0035), re-
spectively. Figure 4 shows the frequency graph obtained as a 
result of  this test. The graph showed two female individuals 
in the group of  males. More than 90% of  the individuals were 
grouped correctly. There were differences between female and 
male goat astragalus bones at LM8, LM9, LM10, and LM11. 
These landmarks represented the mediopoximal portion of  
the astragalus. The proximal part of  the astragalus was wider 
in males than in females (Figure 5). 

According to the cross validation scores in DFA, 8 female 
individuals and 7 male individuals were incorrectly grouped 
(Figure 6). Females and males were grouped correctly by 50% 
and 65%, respectively. According to these results, sex factor 
had a limited grouping effect on astragalus shape.

DISCUSSION

Geometric morphometry and the related analyses allowed 
to examine the differences between the astragalus bones of  
male and female goats. The results revealed the shape of  the 
astragalus in goats, while the allometric effect of  size on the 
shape of  the astragalus was not statistically significant. Ac-
cording to the results, the shape of  the astragalus was found 
in the medioproximal part of  the astragalus between male and 
female individuals, and the proximal part of  the astragalus was 
wider in male goats than in females. When male and female 
comparative studies with linear measurements in the literature 
were examined, it was observed that many bones including 
the astragalus were morphologically wider in male individuals 
among human beings (Bilge, 2008; Bass, 1995). The current 
study conducted by using geometric morphometry support 
the studies using linear measurements in the literature in this 
regard.

Sorrentino and colleagues (2020), conducted a study us-
ing the geometric morphometric technique on a total of   98 
human astragalus, (44 females and 54 males) from different 
geographical locations to investigate the role of  shape, form 
and size in determining sex. They also demonstrated that the 
fragmented astragalus can be reconstructed. In the study, sig-
nificant differences were found in sex dimorphism between as-
tragalus from Sassari and Bologna regions and astragalus from 
New York and Bologna regions, while there was no significant 
difference in sexual dimorphism in the comparison between 
Sassari and New York regions. These results suggested that a 
population-specific approach should be used to assess sexual 
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dimorphism in the human astragalus (Sorrentino et al. 2020). 
In addition, the data of  the current study supported studies us-
ing traditional linear measurements to determine sex (Bidmos 
and Dayal, 2004; Lee et al., 2012a). In the present study, even 
though there were differences in some LM points in terms of  
sexual dimorphism, it was understood that the sex factor had a 
limited grouping effect on astragalus shape.

The morphological and morphometric features of  bones 
may differ in certain populations. This situation is important 
for surgical operations. There are studies in the literature in 
which the talus bone is grouped into different types accord-
ing to joint characteristics in populations located in different 
geographies (Lee et al., 2012b; Azra et al., 2020).  According 
to these studies, there are differences in the right and left hind 
leg joint types of  the same individual. These differences in 
the joints also affect the movement of  the joint (Boyan et al., 
2016). There are studies in the literature showing that different 
locomotor behaviors have an effect on the shape of  the bone 
(Vermeulen et al., 2022). For this reason, talus bones from the 
same side (right) were used as material in our study. Accord-
ing to the findings of  our study, it was revealed that the talus 
bones of  the right side of  goats did not provide clear results 

in determining gender.

Haruda (2017) conducted a comparative study with both 
traditional morphometry and geometric morphometry to re-
veal the taxonomic differences of  sheep and goat talus bone. 
According to the findings of  this study, the talus bone of  sheep 
varied in size. It was also determined that the talus of  sheep 
was larger in size than that of  goats. Talus variation between 
sheeps and goats has been described. In our study, whether the 
talus bone would be effective in determining gender in goats 
was investigated using geometric morphometry.

When the literature is examined, there are comparative 
studies on cranial bones in goats with geometric morphometry 
method (Yaprak et al., 2022; Parés-Casanova, 2015; Parés-Ca-
sanova and Domènech-Domènech, 2021), comparative stud-
ies on mandible (Demiraslan et al., 2020; Evcim 2020) and 
studies comparing the difference of  astragalus between sheep 
and goat (Haruda, 2017). However, there is no study in the lit-
erature that examined the sexual dimorphism of  the astragalus 
with geometric morphometry on goats. Therefore, the results 
obtained in the current study could not be compared with a 
study conducted on goats using geometric morphometry tech-
nique.
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Figure 1. LM points in the talus marked on the 
photograph

Figure 2. Line graph of  the shape change of  the talus in PC1 (Dark blue: mean shape, 
Light blue: variation)
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Figure 3. Scatter plot of  PC1 of  female and male individuals (Red: female, Blue: male)

Figure 4. CVA graph of  female and male individuals (Red: female, Blue: male)

Figure 5. Line graph of  female and male talus (Red: female, Blue: male)

Figure 6. Graph of  cross validation score in CFA for female and male individuals 
(Red: female, Blue: male)



CONCLUSION

In the present study, the sexual dimorphism of  the astrag-
alus bones of  domestic goats was examined by geometric 
morphometry.  It was found that the astragalus had a limited 
effect on sex determination. Thus, the study has supported the 
studies in the literature that have been conducted with linear 
measurements. In addition, it was determined that the size of  
the Astragalus had no significant effect on the shape of  the 
astragalus. It is thought that the present study will contribute 
to the literature for future studies on small ruminants.

The limitations of  the study are the lack of  material and the 
unilateral examination of  the bone. 
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Performance, some blood paremeters, fatty acid profile and TBARS value of   
broiler chickens fed chia seed

Onur Çelikoğlu1, Fatma Karakaş Oğuz2

ABSTRACT
This study aims to determine the effect of  chia seeds added to broiler rations at the level of  5% on 
live weight, live weight gain, feed consumption, feed conversion ratio, breast meat fatty acid profile 
and meat shelf  life. A total of  112 daily-aged Sasso chicks were used in the experiment. Chicks were 
divided into 2 groups of  56 animals. Each group is divided into 8 subgroups of  7 broilers. The expe-
rimental group ration was prepared to contain 5% chia seeds starting from the 15th day. During the 
experiment, feed and water were given ad libitum. Before the experiment, a 14-day initial ration was 
applied to all groups. The trial lasted 49 days. In the study, there was no statistical difference between 
the groups in terms of  body weight, live weight gain, feed consumption and feed conversion rates 
(P>0.05). At the end of  the experiment, the breast meat Linolenic acid ratio of  the experimental 
group (2.02%) was significantly higher than the control group (1.07%) (P<0.05).The arachidonic 
acid ratio was found to be significantly lower in the experimental group than in the control group 
(P<0.05). While the TBARS value of  breast meats kept at +4°C for seven days increased in the cont-
rol group, it decreased significantly in the experimental group (P<0.05). As a result of  this study, it 
can be said that chia seeds have a positive effect on the shelf  life of  broiler meat.
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INTRODUCTION

Chia is an annual plant that grows in tropical or temperate 
regions. Chia seeds are about 2 mm long, oval in shape, grey, 
black, brown or white and have dots on them. Chia seeds con-
tain 42.1g of  carbohydrates, 30.7g of  fat and 16.5g of  protein 
per 100 grams and contain approximately 486 kcal of  meta-
bolic energy. Chia is a good source of  polyunsaturated (PUFA) 
omega-3 fatty acids. In a study in which chia seed oil, linseed 
oil and fish oil were added to rations, it was observed that 
omega-3 fatty acids increased by 100%-200% in the eggs of  
chickens consuming chia seed oil (Ayerza, 2009). The Sasso 
chicken breed, which is made to be a durable and slow-grow-
ing poultry, is an alternative to fast-growing hybrid chickens 
fed a corn-based ration. Sasso is not a breed name, but the 
name of  a French company that has been breeding chickens 
for decades. It is also known as French village chicken. Chia 
seed has been largely used as a food, oil source, and raw materi-
al for medicinal compounds. Its benefits result primarily from 
the high concentrations of  essential fatty acids, dietary fiber, 
antioxidants, flavonoids, anthocyanins, vitamins, carotenoids, 
and minerals (Terevinto et al 2023).  It is thought that chia 
seeds, which have many superior properties, may be effective 
on meat quality and shelf  life, especially with their antioxidant 

effect. For this reason, in this study, the effect of  chia seed on 
performance, fatty acid profile in breast meat and shelf  life of  
breast meat was investigated.

MATERIALS and METHODS

The study was conducted with the decision and permission 
of  Burdur Mehmet Akif  Ersoy University Animal Exper-
iments Local Ethics Committee dated 06.12.2017 and num-
bered 347. A total of  128 1-day-old Sasso breed chicks were 
used at the beginning of  the study. Broiler chicks were vacci-
nated on the first day. In the study, broiler chicks were given 
two types of  feed: starter and growth feed. Lighting was pro-
vided for 24 hours during the study. Daylight and fluorescent 
lamps were used for lighting the research unit. Three electric 
heaters (2200 W) were used for heating. The average tempera-
ture of  the experimental room (for 49 days) was 26.5° C and 
the average humidity was 68.20%. The starter feed was used 
between days 1-14 and the growth feed was used between days 
15-49. Feed and water were provided ad libitum. Feeders and 
drinkers were checked daily.  Starter feed was used until the 
fourteenth day and then the experiment started. All chicks 
were weighed individually and feed intake (FI) was recorded at 
d 14, 21, 28, 35, 42 and 49 as group. Body weight gain (BWG) 
and feed conversion ratio (FCR) were subsequently calculat-
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ed based on the performance values. At the beginning of  the 
study, all chicks were weighed and distributed so that there 
were chicks of  similar weight in each group. During the study, 
live weight weighings were done individually every week with a 
UWE HGM-20K balance with ±1 g accuracy.

The chicks were weighed individually every week from the 
beginning to the end of  the study using a UWE HGM-20K 
scale with ±1 g accuracy. Live weight gain determination was 
calculated by subtracting the weighing results of  the previous 
week from the last weighing. Feed consumption during the 
study was calculated by subtracting the amount of  feed re-
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Raw Materials Starter Magnification (without Chia) Magnification (with Chia)
 Corn 49.15 59.40 57.12
Vegetable Oil 6.50 4.95 3.50
Sunflower Meal, Unhulled (36% HP) 5.00 5.00 5.00
Soybean Meal (48%HP) 35.40 27.10 25.90
Dicalcium Phosphate 1.70 1.20 1.20
Dl-Methionine 0.20 0.20 0.20
Limestone 1.25 1.35 1.28
L-Lysine Hydrochloride 0.10 0.10 0.10
Sodium Bicarbonate 0.10 0.10 0.10
Salt 0.40 0.40 0.40
Vitamin-Mineral Mix 0.20 0.20 0.20
Chia seeds 0 0 5.00

Calculated Chemical Composition Starter Magnification (without Chia) Magnification (with Chia)
Dry Matter 90.50 90.20 90.10
Crude Protein 23.00 20.00 20.00
Metabolic Energy 3201 3198 3201
Calcium 1.00 0.90 0.90
Available Phosphorus 0.45 0.35 0.36
Sodium 0.24 0.24 0.24
Chlorine 0.28 0.28 0.28
Methionine-Cystine 0.98 0.89 0.91
Lizin 1.32 1.10 1.10
Threonine 0.87 0.74 0.75
Tryptophan 0.31 0.26 0.27
Linoleic Acid 4.38 3.73 3.24

Results of  the analyses Starter Magnification (without Chia) Magnification (with Chia) Chia Seeds
Crude Protein 23.2 19.42 19.87 21
Crude Fat 8.64 9.01 7.90 28.14
Crude Cellulose 4.05 4.01 4.84 34.4
Crude Ash 5.92 4.32 5.34 4.98
Dry Matter 89.68 89.32 89.64 94.45

Table 1. Raw material and nutrient content of  compound feeds (concentrate feed) used in the study and Chemical Analysis Results of  
Chia Seed and Ration (%)

Vitamin-Mineral composition (per kg feed): Vitamin A, 3,333 IU; Vitamin D3, 0,833 IU; Vitamin E, 11.667 mg; Vitamin K3, 1.333 mg; 
Vitamin B1, 0.667 mg; Vitamin B2, 2 mg; Vitamin B3, 10 mg; Vitamin B5, 2. 667 mg; Vitamin B6, 1.333 mg; Vitamin B12; 0.05 mg; Biotin, 
0.15 mg; Folic Acid, 0.25 mg; Ascorbic Acid, 16.687 mg



maining in the following week from the amount of  feed given 
to the animals each week. Feed weighing was done with a scale 
with ±1 g accuracy. Feed conversion ratio (Feed conversion 
ratio (g FI/g BWG) was obtained by dividing total feed con-
sumption by live weight gain.

The experimental period using chia lasted 35 days in total. 
After the 14th day, 112 Sasso broiler chicks were used in the 
experiment. The chicks were divided into 2 groups of  56 an-
imals. Each group was divided into 8 subgroups of  7 chicks. 
The experimental group ration was prepared to contain 5% 
chia seeds from the 14th day. Experiment diet analysis results 
are given in Table 1.

The feeds used in the study were analyzed in the Labora-
tory of  the Department of  Animal Nutrition and Nutritional 
Diseases, Faculty of  Veterinary Medicine, Mehmet Akif  Ersoy 
University, Burdur. Dry matter (DM), crude ash (Ash), crude 
fiber (CF), ether extract (EE) and crude protein (CP) were an-
alyzed. Dry matter, crude ash, ether extract, crude protein, and 
organic matter (OM) analyses of  the feeds used in the study 

were carried out according to the methods reported in (AOAC, 
2000)  and crude fiber (CF) analysis was carried out according 
to (Crampton and Maynard, 1938). A total of  thirty-two breast 
meat samples were taken from two animals with similar body 
weights randomly selected from each subgroup at slaughter. 
The experiment was terminated by decapitation on the 49th 
day. Blood was taken during decapitation. The brisket of  the 

control and experimental groups was divided into two groups 
of  eight pieces each, and the first group of  the control and 
experimental groups were kept one hour after slaughter and 

the second group was kept in the refrigerator at +4 degrees 
Celsius for one week and then analyzed for Thiobarbiturate 
reactive substances (TBARS) in a spectrophotometer device 
(PERKIN ELMER Lambda 35) at Burdur Mehmet Akif  Er-
soy University Scientific and Technology Application and Re-
search Center. The method described by (Zeb and Ullsh, 2019) 
was used for TBARS analysis. Fatty acids in brisket were ana-
lyzed by gas chromatography/mass spectroscopy (AGILENT 
5975 C AGILENT 7890A GC).

PASW Statistics18 Independent group t-test was applied for 
statistical calculations of  the groups, significance of  the differ-
ences between the mean values of  the groups and significance 
control of  the difference between the groups. Significance was 
declared at P < 0.05

RESULTS

The effects of  chia seed added to the ration at 5% level 
on body weight gain, feed intake and feed utilization averages 
are shown in Table 2. There was no difference between live 

weights at 14, 21, 28, 35, 42 and 49 days of  the experiment.

The effect of  chia seed added to the ration at 5% level on 
the fatty acid composition of  the breast meat of  the animals is 
shown in Table 3 and the fatty acid composition of  the feeds 
is shown in Table 4. The difference between linolenic acid and 
arachidonic acid values between the groups was statistically 
significant.

The effect of  5% chia seed supplementation to the ration 
on TBARS analysis results of  control and experimental groups 
on day 1 after slaughter is shown in Table 5. The effect of  chia 
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Parameters Control Group
(𝑿 ± 𝑺𝒙)

Experimental Group
(𝑿 ± 𝑺𝒙) P

Feed Consumption. g 3476.67 ± 37.58 3402.20 ± 70.51 0.519
Live weight gain. g 1615.79 ± 36.67 1648.21 ± 32.17 0.517
Feed conversion ratio (g FI/g BWG) 2.15 ± 0.06 2.06 ± 0.08 0.079

Table 2. Average body weight gain (BWG), feed intake (FI)and feed conversion ratio of  the groups during the 
experiment (14th day-49th day)

Parameters Control Group
(x̄ ± Sx̄)

Experimental Group
(x̄ ± Sx̄)

p

Myristic Acid 0.90 ± 0.03 0.97 ± 0.14 0.633
Palmitic Acid 35.28 ± 1.25 37.80 ± 1.22 0.160
Palmitoleic Acid 0.47 ± 0.01 0.43 ± 0.01 0.102
Stearic Acid 5.16 ± 0.14 4.93 ± 0.14 0.290
Oleic Acid 25.81 ± 0.74 24.69 ± 0.71 0.290
Linoleic Acid 27.30 ± 0.75 26.42 ± 0.60 0.372
Linolenic Acid 1.07b± 0.05 2.02a± 0.27 0.002**
Arachidonic Acid 3.12a± 0.23 2.11b± 0.19 0.003**

Table 3. Fatty Acid Profile Values of  Meats of  Experimental Groups. %

**p<0.01 n=16 The difference between values with different letters in the same row is 
significant.



seed supplementation on TBARS analysis results of  control 
and experimental groups on day 7 after slaughter and TBARS 
analysis results between control and experimental groups on 
days 1 and 7 after slaughter are shown in Tables 5.

DISCUSSION

It was found that chia seed did not affect body weight, body 
weight gain, slaughter weight, feed intake, feed conversion ra-
tio, carcass weight and hot carcass yield in the experimental 
groups.

Amela et al., 2016 reported that there was no statistical 
difference in terms of  live weight and live weight gain in a 
study in which 10% chia meal and 10% chia meal+probiot-
ic were added to broiler rations. Fernández et al., 2018 divid-
ed 96 Cobb 500 chickens into 4 groups and 16 subgroups. 
The first group received a control ration. The second group 
received 10% chia meal, the third group received 10% chia 
meal + hydroxytyrosol (7 mg/kg) and the fourth group re-
ceived hydroxytyrosol (7 mg/kg). The incorporation of  chia 
flour and/or hydroxytyrosol does not affected the evaluated 
parameters. The demucilagination or the inclusion of  enzymes 
that degrade soluble fiber could contribute to demonstrating 
a positive effect on the productive performance.  Peiretti and 
Meineri (2008) in their study on the effects of  chia seed sup-
plements on growth performance carcass characteristics, and 
fat and meat fatty acid profile of  rabbits fed with chia seed 
supplements, added 0%. 10% and 15% chia seeds (Salvia his-
panica L.) to rabbit rations and reported that there was no sig-
nificant difference in terms of  live weight and live weight gain. 
Urrutia et al. (2015)  added 10.5% flaxseed and 10% chia seeds 
to the rations of  Navaira breed lambs and reported that the 
additives did not affect live weight. It is seen that the findings 
obtained in the experiment are in agreement with the results 
of  the above-mentioned studies (Amela et al., 2016,  Urrutia 
et al., 2015).

Ayerza et al. (2002) reported that the addition of  10% and 
20% chia seeds to Ross 308 chick rations decreased palmit-
ic acid and increased alpha-linolenic acid in breast and thigh 
meat. Azcona et al. (2008) reported that the polyunsaturated 

fatty acid composition increased by 157% in thigh meat and 
200% in breast meat in a study in which chia seeds were added 
to broiler rations. Salazar et al. (2009) in a study investigating 
the use of  chia seeds in laying hen rations alpha-linolenic acid 
increased and palmitic acid decreased in egg yolk. As a result 
of  the data obtained at the end of  the experiment, it was ob-
served that chia seed increased oxidative stability due to its 
antioxidant properties and positively affected meat shelf  life. 
Waszkowiak and Rudzinska (2014) stated in their study that 
flaxseed is protective against oxidation and can increase the 
shelf  life of  products which supports the data in our study.

CONCLUSION

In conclusion numerically better results were obtained in 
the feed conversion ratio in the group given chia. The lino-
lenic acid level in the meat of  the group given chia seeds was 
statistically higher than the control group. Chia seed is a grain 
rich in linolenic acid. and this is reflected in the meat analysis 
results. The shelf  life of  the meat of  the group given chia seed 
was longer than that of  the control. It may be recommended 
to add chia seeds to meat, especially meats with a risky shelf  
life, such as white meat. 
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Table 5. TBARS Analysis Results of  Control and Experimental Groups 
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Factors associated with the colostrum quality of  dairy cows in the Menemen  
district of  İzmir provience

Oktay Genco Kaya1, Murat Er1

ABSTRACT
This study aimed to determine the factors affecting the colostrum quality in dairy farms located in 
the Menemen district of  İzmir province. A total of  61 colostrum samples were collected in the first 
6 hours after birth from six dairy farms having more than 100 head. The colostrum obtained from 
each cow was measured for density using a colostrometer.  It was found that 40 of  the colostrum 
samples were of  good quality, 16 were of  medium quality, and 5 were of  poor quality. The current 
study identified a statistically significant effect of  herd size (P<0.05) on colostrum quality, with 
higher quality observed in farms with a herd size of  less than 250 head. Parity and calving season 
did not affect colostrum quality in this study. Simmental cows had better colostrum quality than 
Holstein and Jersey cows. The specific gravity of  Jersey colostrum was lower (-23 g/L) in summer 
compared to other seasons, whereas that of  Simmental was higher. Therefore, it can be concluded 
that Simmental and Holstein cows are more suitable for profitable dairy farming in this region.

1Department of  Veterinary Medicine, Menemen Vocational School, Izmir Bakırçay University, Izmir, Türkiye
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INTRODUCTION

The first week after birth is the most vulnerable time for 
the calves since the fetal period of  pregnancy is in a sterile 
field (Bıyıklı et al., 2017), and the transfer of  immunoglob-
ulins from the cow to the fetus does not occur during this 
period (Koyun and Karaca, 2018). Mortality rates in calves 
are the highest during the first week of  their life (Svensson et 
al., 2003). Therefore, the survival of  calves during this period 
depends on colostrum feeding that delivers high amounts of  
immunoglobulins at the right time (Godden, 2008). 

Colostrum production begins in the mammary glands 3-4 
weeks before parturition. It contains twice the dry matter, 4.5 
times the protein, 1.7 times the fat, and more vitamins and 
minerals than milk (Lopez and Heinrichs, 2022). Salient fea-
ture of  colostrum is its high concentration of  immunoglobu-
lins, also known as maternal antibodies. These antibodies are 
developed by the dam throughout her life that provide crucial 
immunity to the calf  during its first week of  life. In bovine 
colostrum, immunoglobulins make up 70 to 80% of  the total 
protein content, whereas they only make up 1-2% of  the total 
protein in normal milk (Kozat, 2019). 

Quality of  colostrum is dependent on several factors such 
as the breed, age, parity, feeding management, and dry period 

length of  the dairy cows (Wattiaux, 2006). According to Shear-
er et al. (1992), cows in first lactation produce lower quality 
colostrum compared to multiparous cows. Sellers (2001) stat-
ed that colostrum quality is affected by feeding management 
during the dry period. Additionally, Selk (2007) found that 
cows that were malnourished in the last period of  pregnancy 
experienced a significant decrease in colostrum production. 

Environmental conditions can also impact colostrum qual-
ity. It was reported that high ambient temperature has a det-
rimental effect on colostrum quality (Coşkun, 2020). In many 
regions of  Turkey, summer average temperatures are at a level 
(>25 °C) that may cause stress in dairy cows (Er and Özcan, 
2023). Menemen district of  İzmir province is situated in one of  
these regions has many dairy farms. However, no studies have 
been conducted to investigate the quality of  colostrum in this 
area, considering the high ambient temperature and farm prac-
tices. Therefore, this study aimed to assess the factors affecting 
the colostrum quality in dairy farms located in the Menemen 
district of  İzmir province.

MATERIALS and METHODS

Sampling 

The study was conducted in the Menemen district of  İzmir   
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province between May 2023 and March 2024. In the present 
study, 61 colostrum samples were collected within the first 6 
hours after birth from six dairy farms having herd size more 
than 100 heads. Table 1 presents the size of  the herds from 
which colostrum was collected in the study, along with the 
number of  colostrum samples collected by season. 

Breed, lactation number, calving season, and diet composi-
tion in the dry period were recorded from the herd manage-
ment system. In addition, 500g feed samples were collected 
from each farm for three consecutive days and then stored at 
-20°C to determine the chemical compositions of  the ration 
in the dry period.   

The average ambient temperature and relative humidity of  
the Menemen district of  İzmir province for the months of  sum-
mer were obtained from the General Directorate of  Meteo-
rology. The temperature-humidity index (THI) was calculated 

using the following formula of  THI (NWSCR, 1976).

THI = (9/5 × temperature + 32) – (11/20 – 11/20 × Hu-
midity) × (temperature – 26)

Colostrum quality and Chemical analyses 

The colostrum obtained from each cow after calving was 
cooled to 20 °C within the first 24 hours. then it was measured 
for density using a colostrometer (Kerbl, Germany) according 
to Kaygısız and Köse, (2007). Based on density, colostrum was 
classified as good (>1045 g/L), medium (1035-1045 g/L), and 

low quality (<1035 g/L).

For chemical compositions, samples of  TMRs were dried 
to a constant weight in an air-forced oven at 65 °C for 72h. 
Dried samples were ground to pass through a 2-mm screen. 
Dry matter (DM), and crude protein (CP) contents of  the 
samples were analyzed according to AOAC (1990). Neutral 
detergent fiber (NDF) and acid detergent fiber were assayed 
according to the methods described by Van Soest et al. (1991.) 
The ingredients and chemical compositions of  the diets are 
presented in Table 2.

Statistical analyses

The effects of  ambient temperature, breed, herd size, lac-
tation number, and calving season on colostrum quality were 
analyzed using the General Linear Model (GLM) procedures 

Factors associated with...
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Herds no Size of  herds, heads
Numbers of  colostrum samples

Summer Other seasons Total
1 >500 6 4 10

2 250-500 5 4 9

3 250-500 4 6 10

4 250-500 4 6 10

5 <250 5 6 11

6 250-500 6 5 11

Total 30 31 61

Table 1. The herd size and number of  colostrum samples collected.

Ingredients Herds 1 Herds 2 Herds 3 Herds 4 Herds 5 Herds6

Wheat straw 50 45 25 48 50 45

Maize silage 30 20 40 35 30 35

Wheat silage 10

Concentrate 1 20 15 10 17 20 20

Concentrate 2 25

Chemical compositions

Dry matter 68.7 65.5 56.9 61.7 67.1 62.6

Crude protein 9.3 10.1 13.4 9.7 8.8 9.4

NDF 45.0 46.1 33.7 46.9 43.6 46.5

Table 2. The ingredients and chemical compositions of  the diets used in farms.

Concentrate 1: Commercial feed for dry period (% 14 crude protein); Commercial 2: Commercial feed for lactatat-
ing period (%19 crude protein).



with Least Squares Mean (LSMS) in SPSS software package 
(22.0, IBM Corp. Inc., NY, US). Duncan’s multiple comparison 
test was used to compare the differences among the means. 
P<0.05 was accepted as statistically significant difference 
among the means.

RESULTS

Figure 1 shows the average records of  ambient tempera-
ture, relative humidity, and temperature humidity index during 
the summer season in the study. The minimum and maximum 
recorded ambient temperatures were 16.6 and 44.1 °C respec-
tively. Relative humidity ranged from 23.4 to 78.1%. Daily av-
erage THI was recorded above 70 in summer in the current 
study.

The quality distribution of  colostrum collected during the 
study is presented in Figure 2. It was found that 40 of  the 
colostrum samples were of  good quality, 16 were of  medium 
quality, and 5 were of  poor quality.

The effects of  herd size and parity on the colostrum quality 
are shown in Table 3. The current study identified a statistically 
significant effect of  herd size (P<0.05) on colostrum quality, 
with higher quality observed in farms with a herd size of  less 
than 250 head. Meanwhile, parity did not show a notable influ-
ence on colostrum quality. 

Table 4 shows the effects of  calving season and breed on the 
colostrum quality. In the present study, the colostrum quality 
was not affected by calving season. However, Simmental cows 
had better colostrum quality than Holstein and Jersey cows 
(respectively 1067, 1049, and 1047 g/L) (P<0.05). In addition, 
we observed an interaction between calving season and breed 
(P<0.05) (Figure 3). The specific gravity of  Jersey colostrum 
was lower (-33 g/L) in summer compared to other seasons, 
whereas that of  Simmental was higher (15 g/L) (Table 4).

DISCUSSION

Growth and profitability of  dairy farms rely on the contin-
uous addition of  healthy and young animals to the herd. Sus-
tainable management of  dairy farms aims to achieve one calf  

per cow per year. Therefore, survival and growth performance 
of  newborn calves significantly impact the continuity of  the 
herd. Some critical points such as proper colostrum feeding, 
and colostrum quality have an important effect on the survival 
and growth performance of  neonatal calves.

The collected colostrums in this study were, in general, good 
quality (Figure 2). In total, only 8.3% of  the colostrum samples 
in this study contained <1035 g/L specific gravity, which is 
considered to be an indication of  low-quality colostrum (Kay-
gısız and Köse, 2007). No previous study has investigated the 
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Figure 1. The average records of  ambient temperature, relative humidity, and 
temperature humidity index during the summer season

Figure 2. The quality distribution of  colostrums 
collected during the study.



factors associated with the colostrum quality of  dairy cows in 
İzmir. However, Tatar and Esenbuğa (2022) found that farm-
ers in the Odemis district of  İzmir province had sufficient 

knowledge about animal care and nutrition. Therefore, it can 
be concluded that the dairy management practices in İzmir 
province have good results. In addition, the rate of  low-quality 
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Item n Colostrum specific gravity, g/l P value
Size of  herds, heads  ± Sx Minimum Maximum

>500 10 1049 ± 5.70b 1038 1061

0.017250-500 40 1049 ± 2.28b 1043 1054

<250 11 1067 ± 5.43a 1056 1077

Number of  lactations

Uniparous 26 1050 ± 3.74 1042 1057
0.436

Multiparous 35 1054 ± 3.22 1047 1060

Table 3. The effects of  herd size, and parity on the colostrum quality.

->1045 g/l good quality; 1035-1045 g/l; medium quality; <1035 g/l low quality
a, b= Column means within a classification with different superscripts differ (P < 0.05).

Item n Colostrum specific gravity, g/l
Calving season  ± Sx

Summer 30 1051 ± 3.4

Other seasons 31 1059 ± 4.1

Breed

Holstein Friesian 39 1049 ± 2.6b

Jersey 11 1047 ± 4.9b

Simmental 11 1067 ± 5.42a

Summer 

Holstein Friesian 19 1047 ± 3.77

Jersey 6 1032 ± 6.70

Simmental 5 1075 ± 7.34

Other seasons

Holstein Friesian 20 1052 ± 3.67

Jersey 5 1065 ± 7.34

Simmental 6 1060 ± 6.70

P value

Calving season 0.131

Breeds 0.007

Calving season x Breed 0.004

Table 4. The effects of  calving season and breed on the colostrum quality.

>1045 g/l good quality; 1035-1045 g/l; medium quality; <1035 g/l low quality
a, b=Column means within a classification with different superscripts differ



colostrum was in agreement with the rates reported in other 
studies; Conneely et al. (2013) reported a rate of  4% in 741 
cows, while 13.5% was reported in another study (Göncü and 
Gökçe, 2015). Contrary to the findings of  our study, Shearer et 
al. (1992) reported that 79.8% of  2045 colostrum samples had 
low concentrations of  Ig (less than 50 mg/mL). As already 
known, calving interval and colostrum collection is one of  the 
main factors affecting colostrum quality (Kehoe et al., 2011). 
However, Shearer et al., (1992) collected colostrum samples 
12 h after the calving that might have resulted in low quality 
colostrum. 

In the present study, cows produced high quality colostrum 
(+17.2 g/L specific gravity) when the herd size was above 250 
heads (Table 3). There could be two possible reasons for this 
result. The first one was the breed of  the cows which was the 
Simmental in these herds. As shown in Table 4, Simmental 
cows produced higher quality colostrum than Holstein and 
Jersey cows in the current study. The second possible reason 
was the management of  these herds. There is a lack of  studies 
that investigate the effect of  herd size on colostrum quality. It 
can be expected that improved management and nutritional 
practices, which are more likely to be present in larger herds, 
would be effective in producing high-quality colostrum (God-
den, 2008). However, smaller herds with a higher number of  
farm workers per 100 dairy cows (+0.6) in the current study 
might have more effective management. 

The parity of  cows did not affect colostrum quality (Table 
3). Consistent with our findings, Kıyıcı and Sevişoğlu (2022) 
reported a numerical increase in colostrum quality in multipa-
rous cows. On the other hand, lower colostrum quality in the 
first lactation was reported in many studies (Erdem and Ata-
sever 2005; Connely et al., 2013). Differences in findings may 
be associated with environmental conditions. Calving season 

of  multiparous cows in our study occurred primarily during 
the summer, which may cause stress for dairy cows.

Heat stress is a primary concern for dairy farms in warm 
regions and it has been reported that the effects of  heat stress 
start to appear in dairy cows when THI is higher than 68 
(Collier et al., 2012) or 72 (Armstrong, 1994). Additionally, as 
colostrum production begins up to 3 weeks before parturi-
tion, heat stress during the dry period has a significant impact 
on colostrum production and quality (Avendaño-Reyes et al., 
2023). In the present study, the daily average THI was record-
ed as above 80 in the summer season. (Figure 1). Therefore, 
we can say that cows were exposed to heat stress in this period. 
Although the specific gravity of  colostrum was numerically 
lower in summer (-8 g/L), the calving season did not affect 
colostrum quality in this study. (Table 4). Thi result contrasts 
with that of  Genç (2015) who reported that cows produced 
significantly lower quality colostrum in the summer season 
(P<0.05). Although there is a high correlation between colos-
trum specific gravity and actual Ig concentration, it has been 
suggested that the scale may not be sufficiently refined to allow 
the use of  Ig concentration as a continuous variable (Shearer 
et al., 1992). However, Genç (2015) quantified colostrum IgG 
using an ELISA method, which may provide more accurate 
results. Furthermore, our results are in line with those of  other 
studies (Morin et al., 2001; Kaygısız and Köse, 2007) that used 
colostrometers to determine colostrum quality in cows.

In agreement with previous studies (Ontsouka et al., 2003; 
Kıyıcı and Sevişoğlu; 2022), colostrum quality was affected 
by breed in our study and Simmental’s colostrum quality was 
higher (+19 g/L) than Holstein and Jersey. In addition, there 
was a negative correlation between ambient temperature and 
the specific gravity of  Jersey colostrum, whereas there was a 
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Figure 3. Interaction between calving season and breed for colostrum 
quality.
->1045 g/l good quality; 1035-1045 g/l; medium quality; <1035 g/l low 
quality



positive correlation for Simmental cows. Heat tolerance, which 
was reported to be higher in Simmental (Gartner el., 2017a; 
2017b) and lower in Jersey (Bianca, 1965), could be a possible 
explanation of  these findings.

CONCLUSION

Findings of  the present study indicate that, in general, dairy 
herds in the Menemen district of  İzmir province were well-man-
aged, as only 8.3% of  the collected colostrum samples were 
of  low quality. However, management of  dairy cows in large 
herds (>250 heads) was suboptimal. Parity did not affect the 
colostrum quality in the current study. Due to the use of  the 
similar diets in dairy farms, except for farm 3, and the limit-
ed number of  colostrum samples, this study does not provide 
conclusive evidence on the effects of  nutritional management 
on colostrum quality. However, Simmental cows produced 
higher quality colostrum than Holstein and Jersey cows. Fur-
thermore, Jersey cows were not well adapted to the region and 
environmental conditions. Therefore, it can be concluded that 
Simmental and Holstein cows are more suitable for profitable 
dairy farming in this region. 
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Cats with systemic ınflammatory response syndrome: granulocyte/lymphocyte 
ratio in hypothermia and hyperthermia conditions

Ramazan Yıldız1

ABSTRACT
Systemic inflammatory response syndrome (SIRS) is a conceptual framework developed to unders-
core the significance of  systemic inflammation activation in precipitating organ dysfunction in cases 
of  sepsis. This study endeavors to explore the interplay between hyperthermia, hypothermia, and 
the granulocyte-to-lymphocyte ratio (G/L) in feline patients diagnosed with SIRS. A total of  25 cats 
positive for SIRS were included in the study. The groups were determined as G1: ≤37.8 °C (n=8), 
G2: ≥39.7 °C (n=11) and G3: ≥40.0 °C (n=6). The G/L ratio has no statistical difference was found 
between G1 and G2, but G3 was found to have a statistically higher G/L ratio than G1 and G2. 
In conclusion, our findings suggest a potential association between temperature dysregulation and 
altered G/L ratios in feline SIRS cases. These results contribute to our understanding of  the inflam-
matory response in cats and may inform future diagnostic and therapeutic strategies.
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INTRODUCTION

Systemic inflammatory response syndrome (SIRS) stands as 
a pivotal concept acknowledging the widespread activation of  
inflammation, a significant contributor to the organ failure ob-
served in cases of  sepsis. Although commonly associated with 
sepsis, SIRS encompasses a spectrum of  pathological conditi-
ons that trigger the release of  endogenous mediators, leading 
to systemic inflammation. These conditions range from trau-
ma and burns to major surgical procedures and pancreatitis, 
potentially resulting in multiple organ failure, shock, and mor-
tality, depending on the severity of  the inflammatory casca-
de. It is crucial to note that SIRS is characterized as a clinical 
syndrome rather than a distinct disease entity. The proposed 
diagnostic criteria involve four clinical parameters: hypother-
mia or hyperthermia, leukocytosis or leukopenia, tachycardia 
or bradycardia, and tachypnea. Timely recognition of  systemic 
inflammation and prompt intervention directed at the underl-
ying pathology are critical in managing the diverse manifesta-
tions of  the inflammatory response (Purvis and Kirby, 1994; 
Brady et al., 2000).

Complete blood count (CBC) and the ratio values of  CBC 
parameters are widely used in the diagnosis and follow-up of  
SIRS and sepsis in veterinary field as well as in human medicine 
(Oncel et al., 2012). The neutrophil-lymphocyte ratio (NLR) 
serves as an inflammatory biomarker, offering valuable insi-
ghts into systemic inflammation levels. Derived from the ratio 

of  absolute neutrophil count to absolute lymphocyte count, 
the NLR offers a simple evaluation without incurring supple-
mentary expenses on standard complete blood count analyses 
routinely performed in hospital settings. Extensively studied 
across a spectrum of  conditions including cancer, commu-
nity-acquired pneumonia, and sepsis, NLR has demonstrated 
utility as a prognostic indicator (de Jager et al., 2010; Lanziotti 
et al., 2016). In studies on adult humans, NLR is used to de-
termine the presence and severity of  sepsis. This ratio is an 
indicator of  inflammation and can be used to predict septi-
cemia (de Jager et al., 2010). The objective of  this study was 
to assess the relation between hyperthermia and hypothermia 
and the granulocyte-to-lymphocyte ratio (G/L) in cats positive 
for SIRS, furthermore, our secondary objective is to establish 
a foundation for subsequent research endeavors in this area.

MATERIALS and METHODS 

The study group consisted of  25 cats with systemic inf-
lammatory response syndrome (SIRS). All these groups were 
admitted to Burdur Mehmet Akif  Ersoy University Animal 
Hospital for different diseases and the hemogram parameters 
of  the cats showing SIRS symptoms were examined during 
routine examination. Blood samples for hemogram analysis 
were collected from the patients’ cephalic veins during routine 
clinical examinations. A tube containing ethylenediaminetetra-
acetic acid (K3EDTA) was used for hemogram measurements. 
Granulocytes (GRA) and lymphocytes (LYM) levels were me-
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asured using the Abacus Junior Vet device (Diatron MI Ltd., 
Hungary). Among these parameters, the ratios of  granulocy-

te count to lymphocyte count (G/L) were calculated and the 
differences in animals with different body temperatures were 
revealed. The groups were determined as G1: ≤37.8 °C (n=8), 
G2: ≥39.7 °C (n=11) and G3: ≥40.0 °C (n=6).

For the inclusion criteria of  cats diagnosed with SIRS un-
dergoing hemogram parameter examination, the study en-
compassed cases exhibiting systemic inflammation along with 
abnormal body temperature, bradycardia and/or tachycar-
dia, and tachypnea. SIRS criteria, as outlined by Brady et al. 
(2000), comprised: (1) abnormal body temperature (≤37.8 or 
≥39.7 °C); (2) tachycardia (≥225 beats/min) or bradycardia 
(≤140 beats/min); (3) tachypnea (≥40 respirations/min); and 
(4) White Blood Cell (WBC) abnormalities (WBC ≥19500 or 
≤5000 k/μL or band neutrophils ≥5%).

Statistical analysis

All data were presented as mean and standard errors (mean ± 
SEM). Normal distribution preconditions were assessed using 
the Kolmogorov–Smirnov test. One-way ANOVA (Posthoc 
Tukey) was employed to analyze the statistical differences in 
parameters between groups using SPSS 22.0 software (USA). 
A p-value < 0.05 was considered statistically significant.

RESULTS

The study showed that all cats met at least 3 SIRS criteria. 
Common clinical symptoms included hypothermia or hypert-
hermia, weakness, depressed appearance, lack of  appetite, hy-
peremic or pale mucous membranes, prolonged capillary refill 
time and weak pulse, changes in respiratory rate, and increa-
sing heart rate. The body temperature of  G1, G2 and G3 were 
37.01, 39.71 and 40.22, respectively (Figure 1). The lympho-
cyte (LYM) level showed no statistically significant difference 
between the groups. Neither the granulocyte (GRA) count nor 
the granulocyte-to-lymphocyte (G/L) ratio exhibited any sta-
tistical difference between G1 and G2. However, G3 demons-

trated a statistically significant higher level (p < 0.05) in both 
GRA count and G/L ratio compared to G1 and G2 (Figure 1).

DISCUSSION

 In response to either infectious or non-infectious sti-
muli, inflammation initiates a multifaceted interaction involving 
the humoral and cellular immune response, cytokines, and the 
complement pathway. This intricate interplay leads to the SIRS 
when the equilibrium between pro-inflammatory and anti-inf-
lammatory cascades is skewed toward the former (Chakraborty 
and Burns, 2023). SIRS often triggered by bacterial infection, 
represents an extensive inflammatory response characterized 
by the release of  multiple cytokines and indicative signs of  
infection, including fever or hypothermia, elevated heart rate, 
accelerated respiratory rate, and heightened serum white blood 
cell count such as the patients in this study. The NLR, a readily 
available parameter derived from a complete blood count, has 
emerged as an independent predictor of  morbidity and mor-
tality in sepsis (Hwang et al., 2017). In the veterinary field, it is 
common to use hemogram devices that measure granulocytes 
and do not distinguish neutrophils. There are not many studies 
in the veterinary field evaluating G/L and NLR. One of  the 
first studies evaluated dogs with and without septic peritoni-
tis, and no significant difference in NLR was found between 
dogs that survived and those that died (Hodgson et al., 2018). 
Gori et al. (2021) discovered that the NLR, in addition to two 
other leukocyte ratios (BLR: band neutrophil-to-lymphocyte 
and BNLR: band neutrophil-to-neutrophil-to-lymphocyte) 
served as robust diagnostic markers, effectively distinguishing 
between SIRS, septic, and healthy cats. Although the prognos-
tic relevance of  BLR and BNLR remains uncertain, the NLR 
exhibited a correlation with mortality rates in both SIRS and 
septic feline populations. In the present study, WBC values of  
all groups were above the normal values for cats. At different 
body temperatures, the G/L ratio was found to be different, 
but the highest level (p <0.05) was found in the group with a 
temperature above 40 degrees (Figure 1). It was determined 
that the G/L ratio was related to the increase in body tempera-
ture indicating the severity of  the infection, but did not differ 
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Figure 1. Statistical variations in body temperature, lymphocyte count, 
granulocyte count, and the granulocyte-to-lymphocyte ratio between the groups 
(Mean±SEM). TMP (Temperature), LYM (Lymphocyte), GRA (Granulocyte) 
and GL (Granulocyte/Lymphocyte Ratio), different letters (a, b, c) were set as 
statistically significant (p <0.05) at graph. 



between hypothermia and moderate body temperature increa-
se. In cats with high G/L ratio in this study, it is observed that 
there is a pathological process that causes systemic inflamma-
tory response syndrome due to infection or trauma-like con-
dition. As shown in some studies, such as cardiac, pneumonia 
and chronic renal patients with high NLR, has the potential to 
have an increased mortality rate (Zahorec, 2020; Huang et al., 
2020) however, this study lacks follow-up data on the mortality 
rate. Moreover, it is important to note that the NLR value is 
indirectly influenced by circulating concentrations of  cortisol 
and endogenous catecholamines, which have been identified as 
primary factors (Zahorec, 2020; Buonacera et al., 2022). Ele-
vated blood levels of  cortisol can induce neutrophilia and ly-
mphopenia, while fluctuations in catecholamine levels, such as 
epinephrine, may result in leukocytosis (Margaryan et al., 2017; 
Chapman, 2018). This pathological mechanism elucidates the 
elevated G/L ratio observed across all groups and underscores 
the significant disparity noted in the G3 group with hypert-
hermia. In a meta-analysis study, NLR levels of  complex feb-
rile seizure (FS) patients were found to be significantly higher 
compared to the simple FS group. It has been pointed out that 
this result indicates that the level of  inflammation is higher in 
complex FS patients compared to simple FS patients and that 
inflammation plays a more dominant role in the pathogenesis 
of  complex FS compared to simple FS. This study reported 
that NLR can be recommended as an inexpensive diagnos-
tic biomarker for FS and may also be useful in differentiating 
between simple FS and complex FS (Hosseini et al., 2022).

CONCLUSION

In conclusion, it was observed that G/L ratio has the po-
tential to be an important marker in the febrile acute stages 
of  infection. However, it was concluded that studies compa-
ring different body temperature groupings in SIRS, sepsis and 
septic shock cases would provide more specific and definitive 
findings. 
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Neuroprotective role of  n-acetylcysteine (NAC): countering doxorubicin 
neurotoxicity via TH, Nurr1, and iNOS expression

Tuğçe Anteplioğlu1, Miyase Çınar2, Gözde Yaldız1, Sevgi Betül Kayabaşı1, Özkan Duru2, Ruhi Kabakçı3

ABSTRACT
Chemotherapy is an effective treatment for cancer, but it can cause cognitive disorders broadly 
referred to as “chemobrain.” One of  the most commonly used chemotherapeutics, doxorubicin 
(DOX), has been associated with the potential for brain damage and cognitive dysfunction. N-acety-
lcysteine (NAC) has been identified as a potential brain protector with antiapoptotic, antioxidant, 
and anti-inflammatory effects. The objective of  this study was to investigate the potential protective 
effect of  NAC against DOX-induced brain damage. Female Wistar albino rats were randomly as-
signed to one of  three groups: control, DOX, or NAC prophylaxis. Brain samples were collected 
for histopathological and immunohistochemical analyses, with a particular focus on regions that are 
crucial for cognition and memory. The DOX group exhibited significant histopathological changes, 
including neuronal shrinkage, degeneration, and necrosis in the striatum, hippocampal region, and 
cerebral cortex. Immunohistochemical analysis revealed the presence of  neuroinflammation and 
neurodegeneration, with an increase in inducible nitric oxide synthetase (iNOS) immunopositivity. 
Administration of  NAC effectively reduced iNOS immunopositivity, neuronal damage, degenera-
tion, and necrosis in the prophylaxis group. Among the brain regions examined, the prophylaxis 
group demonstrated the most effective protection in the hippocampal region. Therefore, NAC has 
the potential to protect against or alleviate DOX-induced cognitive impairments. 
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INTRODUCTION

Cancer constitutes a significant global health concern, with 
an estimated 16% of  global deaths annually attributed to the 
disease (Sung et al., 2021). Currently, combinations of  surgi-
cal intervention, chemotherapy, radiotherapy, targeted therapy, 
and immunotherapy are used to combat cancer. Among these 
methods, chemotherapy, either alone or in combination with 
other treatments, is commonly preferred and considered the 
most effective (El-Hussein et al., 2020). Doxorubicin (DOX), 
an anthracycline chemotherapy drug, was originally isolated 
from Streptomyces peucetius in the 1970s. Since then, it has be-
come a standard treatment for a range of  cancers, including 
ovarian, breast, stomach, lung, non-Hodgkin and Hodgkin 
lymphomas, sarcoma, multiple myeloma, and pediatric cancers 
(Rau, 1992). DOX is frequently utilized in the management 
of  mammary tumors (Hernandez-Aya and Gonzalez-Angulo, 
2013). However, despite its effectiveness, some studies have 
indicated that patients receiving DOX therapy may develop 
cognitive problems, commonly referred to as “chemobrain” 
(Raffa et al., 2006; Andryszak et al., 2017). DOX can cause 
neurotoxicity by crossing the blood-brain barrier directly or by 
triggering neuroinflammation (Du et al., 2021). It also inhibits 
DNA topoisomerase II, which releases free radicals, including 
superoxide and hydrogen peroxide, resulting in tissue damage 
through oxidative stress (Cheruku et al., 2017). 

In contrast, N-acetylcysteine (NAC) is capable of  traversing 
the blood-brain barrier and augmenting the concentration of  
glutathione (GSH), rendering it an efficacious antioxidant as it 
diminishes the levels of  free oxygen radicals (Dean et al., 2011; 
Prakash et al., 2014). NAC has been utilized in research related 
to neurodegenerative disorders, such as Parkinson disease, and 
in cases where neurotoxic agents are used in chemotherapy to 
reduce or prevent neuronal damage (Gil-Martínez et al., 2018; 
Abdel-Wahab et al., 2019; Kitamura et al., 2021).

The dopaminergic system is associated with learning, motor 
movements, memory, and the reward mechanism in the mam-
malian brain (Mehta and Riedel, 2006). Nuclear receptor-re-
lated protein 1 (Nurr1) and tyrosine hydroxylase (TH) are key 
players in the development and functionality of  dopaminergic 
neurons (Perlmann and Wallén-Mackenzie, 2004).  

The objective of  this study is to investigate the histopatho-
logical and immunohistochemical effects of  NAC on brain 
damage induced by DOX in key regions involved in cognitive 
and memory processes, namely the cerebral cortex, hippo-
campus, substantia nigra (SN), striatum, and ventral tegmental 
area (VTA). This study also aims to investigate the potential 
prophylactic effect of  NAC. An immunohistochemical evalu-
ation was conducted to assess the expression levels of  Nurr1, 
a crucial factor in dopaminergic neuron development and 
function, and TH, which is involved in dopamine synthesis 
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by dopaminergic neurons. The presence and expression levels 
of  inducible nitric oxide synthetase (iNOS), which is associat-
ed with neuroinflammation and neurodegeneration, were also 
evaluated.

MATERIALS and METHODS

Animals

All experimental procedures and applications were ap-
proved by Kirikkale University Huseyin Aytemiz Experimental 
Research and Application Center, Experiments Ethics Com-
mittee (report number: 23/06/25). The experiments involved 
the use of  24 female Wistar albino rats with a weight range of  
200-250 g. The rats had unrestricted access to water and were 
fed a standard chow diet. The rats were housed in a facility 
with a 12-hour light/dark cycle and controlled temperature 
(25±2 °C) and relative humidity (42±5%).

The 24 rats were randomly allocated to three groups, each 
comprising eight animals. The control group was administered 
saline intraperitoneally. The second group received a single in-
traperitoneal dose of  10 mg/kg DOX (Adriamycin, Deva®, 
Turkey) after 20 days. The third group received daily intraper-
itoneal administration of  100 mg/kg NAC for 20 days as pro-
phylaxis, followed by a single dose of  10 mg/kg DOX on day 
20.

Tissue Collection and Histopathological Analysis

On the 21st day of  the study, all groups were euthanized 
using a combination of  10 mg/kg xylazine (Xylazinbio 2%, 
Bioveta®, Czech Republic) and 200 mg/kg ketamine (Ketasol 
10%, RichterPharma®, Austria). Following the removal of  
brain samples, they were fixed in a 10% buffered formaldehyde 
solution for 72 hours to facilitate histopathological and immu-
nohistochemical examinations. Once the tissue collection was 
completed, a routine pathological examination was conducted 
and the tissues were trimmed and embedded in paraffin wax. 
After obtaining paraffin blocks, serial sections with a thickness 
of  4-5 µm were taken for both immunoperoxidase tests and 
histopathological examinations. Hematoxylin and eosin stain-
ing was applied to all tissue sections, and subsequent observa-
tions were made using a light microscope. Photomicrographs 
were acquired using an Olympus BX51 microscope (Japan).

Immunohistochemical Examination

Serial tissue sections were obtained and they were labeled 
using commercial primary antibodies against Nurr1 (Santa 
Cruz (N-20)/1/100, USA), TH (Santa Cruz (H-196)/1/200, 
USA), and iNOS (Sigma Aldrich/1/200, USA). Immunohis-
tochemical staining was conducted using a commercial im-
munoperoxidase kit (Thermo, USA) in accordance with the 
manufacturer’s instructions. Chromogen visualization was 
achieved using 3-amino-9-ethylcarbazole (AEC), while Mayer’s 
hematoxylin was used as the counterstain. Negative controls 
were also included, following the same staining procedure, 
with nonimmunized rat serum replacing the primary antibody.

Following the placement of  tissue sections on electrostat-
ic adhesive slides, dewaxing was performed using xylene, fol-

lowed by hydration using graded alcohols. The sections un-
derwent antigen retrieval with a 30-min microwaving process 
in citrate buffer (pH 6.0). To prevent endogenous peroxidase 
activity, a solution of  3% H2O2 in methanol was applied for 
15 min. Furthermore, nonspecific labeling was prevented by 
preincubation with normal goat serum for 10 min. The slides 
underwent a series of  treatments with the appropriate primary 
antibody (Nurr1, TH, or iNOS), followed by the secondary an-
tibody and then streptavidin. Overnight incubation at 4 °C was 
employed for the primary antibody. This was followed by a 30-
min application of  the secondary antibody and an additional 
30-min incubation with streptavidin. Subsequently, AEC was 
utilized as the chromogen and the slides were sealed with an 
aqueous mounting medium. Microphotographs were captured 
and examined using an Olympus BX51 microscope (Japan).

Data and Statistical Analysis

Utilizing ImageJ (USA) image analysis software, positive 
staining density was quantified with the aid of  a 40× objective. 
The measurement process involved capturing the integrated 
optical density of  all immunopositive stains, and the subse-
quent calculation allowed the determination of  the average 
area of  Nurr1, TH, or iNOS immunopositivity relative to the 
total area, employing ImageJ software.

Data were shown as means ± standard deviations (SDs), 
and comparisons between groups for histopathological and 
immunohistochemical analyses were performed with the 
Mann-Whitney U test. GraphPad Prism version 9.0 (GraphPad 
Software, USA) was employed for all statistical analyses and 
graph preparations with the significance level set at p<0.05.

RESULTS

Histopathology

Comparing the DOX-induced group with the control group, 
significant histopathological changes were observed. Particu-
larly in the hippocampal region, shrinkage, hyperchromasia, 
degeneration, and necrosis were found in pyramidal neurons 
in the dentate gyrus (DG) and cornu ammonis-3 (CA3) re-
gions of  the hippocampus, neurons in the frontal region of  
the cerebral cortex, and neurons in the nucleus accumbens 
(ACB) and caudoputamen (CP) in the striatum. The nuclei of  
necrotic neurons were generally pyknotic and the Nissl bodies 
in the neuronal cytoplasm were lost (Figures 1A, B, and C). In 
contrast, the control group showed neurons with nuclei lo-
cated in the center, prominent nucleoli in the nuclei and Nissl 
granules in the cytoplasm, and basophilic-stained nuclei and 
eosinophilic-stained cytoplasm (Figures 1D, E, and F). The 
DOX-induced group exhibited perineuronal edema and sat-
ellitosis around the affected neurons (Figures 1A, B and C). 
Congestion was observed in the blood vessels in the cerebral 
cortex, striatum, thalamus, and midbrain (Figures 1B and 1C).

The observations indicated that neurons in the hippocam-
pal region exhibited less damage in the NAC prophylaxis 
group compared to the group induced with DOX. In addition, 
the pathological changes of  DOX toxicity were reduced in 
the NAC prophylaxis group, including the reduction of  neu-
ronal degeneration and necrosis and even the disappearance 
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of  perineuronal edema (Figures 1G, H, and I). In contrast, 
in the NAC prophylaxis group, vascular changes were similar 
to those observed in the DOX-induced group and there was 
no reduction in vascular congestion, although other findings 
more closely resembled those of  the control group.

Immunohistochemistry

Comparing the DOX-induced group to the other groups, it 
was observed that the iNOS immunopositivity in the DOX-in-
duced group was statistically significant compared to that of  
the others (p<0.0001) (Figures 2A, D, and H; Table 1). iNOS 
immunopositivity was mainly detected in selected hippocam-
pal regions, such as CA1, CA3, and DG, as well as in the stri-
atum, thalamus, midbrain, SN, and VTA and in glial cells and 
astrocytes. Furthermore, a notable disparity was identified be-
tween the control group and the prophylaxis group (p<0.05) 
(Figures 2A, E, H, and I; Table 1). The prophylaxis group ex-
hibited iNOS immunopositivity closest to that of  the control 
group and no statistically significant difference was noted be-
tween these two groups (Figures 2E, H, and I). In the prophy-
laxis group, iNOS immunopositivity was not prominent in the 

neurons, especially in the hippocampal neurons; rather, it was 
observed mainly in glial cells in the cerebral cortex, striatum, 
SN, and VTA. 

The proportion of  Nurr1-immunopositive cells was consis-
tently high in both the control and prophylaxis groups. In con-
trast, it was significantly reduced in the DOX-induced group 
in comparison to the other two groups (p<0.001) (Figures 2B, 
F, J, and L; Table 1). Nurr1 immunopositivity was observed in 
neurons and glial cells to varying degrees, mainly in the SN, 
VTA, striatum, and hippocampus, with neuronal immunopos-
itivity being more prominent (Figure 2B, F, J, and L).

The TH immunopositivity results were found to be quite 
similar to those for Nurr1 immunopositivity. Accordingly, the 
expression of  TH was markedly decreased in the DOX-in-
duced group compared to both the prophylaxis and control 
groups (p<0.001) (Figures 2C, D, G, and K; Table 1). The 
intense immunopositivity observed in the control and pro-
phylaxis groups was notable in neurons in the SN, VTA, and 
striatum.

Anteplioğlu, Çınar, Yaldız...

Medit Vet J, 9(2): 299-305, 2024
301

Figure 1. Histopathological images of  brain tissues from all groups. A. DOX-
induced group. Degeneration and hyperchromasia (arrow) in pyramidal neurons in 
the hippocampal CA3 region and perineuronal edema (asterisk). Hematoxylin and 
eosin (H&E) staining; 400× magnification. B-C. DOX-induced group. Shrunken and 
degenerative neurons (arrowhead) and congested blood vessels (arrow) in the cerebral 
cortex and striatum, respectively. H&E staining; 100× and 200× magnification, 
respectively. D-E-F. Control group. Normal brain structure characterized by healthy 
neurons (n) with central nucleus and normal nuclei and cytoplasmic Nissl bodies in 
the hippocampal CA3 region, cerebral cortex, and striatum. H&E staining; 400×, 
100×, and 200× magnification, respectively. G. NAC prophylaxis group. Normal 
pyramidal neurons (n) and degenerative, hyperchromatic neurons (arrowhead) in the 
hippocampal CA3 region. H&E staining; 400× magnification. H-I. NAC prophylaxis 
group. Degenerative, shrunken neurons (arrowhead) and normal neurons (n) 
together with congested blood vessels (arrow) in the cerebral cortex and striatum. 
H&E staining; 100× and 200× magnification, respectively.



DISCUSSION

DOX-induced neurotoxicity arises from a number of  mech-
anisms, including DNA damage, apoptosis induction, reactive 
oxygen species (ROS) production, neurotransmitter downreg-
ulation, and synaptic dysplasia (Tangpong et al., 2011; Kita-
mura et al., 2014; Habbas et al., 2015; Lim et al., 2016; Keeney 

et al., 2018). In particular, it has been shown that DOX causes 
impairment of  the mitochondria in the hippocampus, which in 
turn results in elevated levels of  reactive ROS (Park et al., 2018). 
Furthermore, Kwatra et al. (2016) found a marked reduction 
in serotonin and dopamine levels in rats treated with DOX, as 
quantified spectrophotometrically following homogenization 
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iNOS Nurr1 TH p
n Mean±SD n Mean±SD n Mean±SD

Control 8 0.089±0.073 A,a 8 3.191±0.282 B,b 8 4.042±0.151C C,b <0.001
DOX 8 5.437±1.018 c 8 1.005±0.310 A,a 8 2.569±0.595 B,a <0.001

Prophylaxis 8 1.082±0.208 A,b 8 3.389±0.209 B,b 8 3.986±0.112 C,b <0.001
p <0.001 <0.001 <0.001

Table 1. Statistical data on the immunopositivity of  iNOS, Nurr1, and TH

A, B, C: There is a statistical difference between groups with different letters in the rows. a, b, c: There is a statistical 
difference between groups with different letters in the columns. 

Figure 2. Immunoreactivities of  anti-iNOS, anti-Nurr1, and anti-TH in all groups. 
A-B-C. DOX-induced group. Intense anti-iNOS immunoreactivity in the striatum 
and mild Nurr1 and TH immunopositivity in the SN and VTA, respectively. IHC. 
AEC chromogen with hematoxylin counterstain; magnification of  200×, 200×, and 
100×, respectively. D. Comparative graph of  anti-TH immunoreactivity in all groups. 
x: Average area of  immunopositivity of  TH/Total area percentages; y: Groups. 
E-F-G. Control group. Very mild anti-iNOS immunoreactivity in the striatum and 
strong Nurr1 and TH immunopositivity in the SN and VTA, respectively. IHC. AEC 
chromogen with hematoxylin counterstain; magnification of  200×, 200×, and 100×, 
respectively. H. Comparative graph of  anti-iNOS immunoreactivity in all groups. 
x: Average area of  immunopositivity of  iNOS/Total area percentages; y: Groups. 
I-J-K. NAC prophylaxis group. Mild to moderate anti-iNOS immunoreactivity in 
the striatum and significantly strong Nurr1 and TH immunopositivity in the SN 
and VTA, respectively. IHC. AEC chromogen with hematoxylin counterstain; 
magnification of  200×, 200×, and 100×, respectively. L. Comparative graph of  
anti-Nurr1 immunoreactivity in all groups. x: Average area of  immunopositivity of  
Nurr1/Total area percentages; y: Groups. 



of  the hippocampal region. The results of  the histopatholog-
ical analysis revealed significant alterations in the brain tissues 
of  the DOX-induced group in comparison to the control 
group. These changes were observed to encompass shrinkage, 
hyperchromasia, degeneration, and necrosis in diverse brain 
areas, including the striatum, cerebral cortex, and hippocam-
pus. In contrast, the histopathologic changes, and particularly 
those in the hippocampal region, were less pronounced in the 
NAC prophylaxis group. The DOX-induced group also exhib-
ited perineuronal edema and vascular congestion and showed 
significant immunopositivity for iNOS, indicating the presence 
of  neuroinflammation and neurodegeneration. 

Chemotherapeutic drugs, especially DOX, can lead to cog-
nitive dysfunction ranging from mild to severe, affecting ap-
proximately 75% of  cancer patients (Ahles and Saykin, 2007). 
Such cognitive dysfunction may include memory and atten-
tion problems, difficulties in multitasking, and emotional and 
behavioral changes (Seigers and Fardell, 2011). These clinical 
findings suggest that regions of  the brain, particularly those 
with dopaminergic neurons, may be affected. In our study, 
both histopathological and immunohistochemical analyses 
demonstrated the involvement of  pyramidal neurons located 
in the hippocampal regions of  CA1, CA3, and DG, as well 
as neurons in the striatum, frontal cortex, VTA, and SN in 
DOX-induced rats.

Cognitive impairment forms the basis of  many disorders, 
including neurodegenerative diseases, mood disorders, anxi-
ety, chronic pain, and psychosis. Studies have directly associ-
ated oxidative stress with cognitive impairments (Skvarc et al., 
2017). However, it is believed that NAC can reverse cognitive 
impairments by increasing GSH levels (Cao et al., 2012). In 
addition, NAC has been demonstrated to modulate a num-
ber of  biological processes, including oxidative stress, apop-
tosis, mitochondrial dysfunction, and neurotransmitters such 
as glutamate and dopamine. These effects have been observed 
both directly and indirectly (Frye et al., 2018). In this study, 
NAC administered prior to DOX administration was shown to 
have no effect on vascular changes in the DOX-treated group. 
However, it prevented neuronal damage at a high rate. Immu-
nohistochemical analysis further confirmed the protective ef-
fects of  NAC. Conversely, NAC administration reduced iNOS 
immunopositivity, particularly in glial cells, suggesting its an-
ti-inflammatory properties. The prophylaxis group had the 
immunopositivity levels closest to those of  the control group, 
indicating the potential preventive effects of  NAC against 
DOX-induced neuroinflammation.

While studies have investigated the effects of  DOX on the 
nervous system, research on the prophylactic effect of  NAC 
against this damage remains limited. Previous studies were 
limited to histopathology, the damage was assessed by blood 
parameters and serum biochemistry, and the damaged dopa-
minergic neurons and mechanisms of  action were not shown 
in the damaged tissue (Mohammed et al., 2019).

Research has demonstrated that Nurr1 exhibits anti-inflam-
matory properties and promotes the development of  dopa-
minergic neurons from neural stem cells (Chen et al., 2018). 
It is also known that the most commonly used markers to 

demonstrate the presence of  dopaminergic neurons immuno-
histochemically are TH and DAT, and TH is involved in dopa-
mine synthesis (Huot et al., 2007). Furthermore, studies have 
revealed that NAC plays dual roles in the hippocampal CA1 
and DG regions, acting as both an anti-inflammatory and an 
antiapoptotic agent (Song et al., 2019; Fan et al., 2020). In the 
present study, the DOX-induced group showed significantly 
lower immunopositivity for both Nurr1 and TH compared to 
the control group. Furthermore, the administration of  NAC 
effectively preserved the expression levels of  Nurr1 and TH, 
suggesting its potential in preserving dopaminergic neurons 
and neurotransmitter synthesis, especially in the VTA, SN, and 
striatum. Additionally, this study has demonstrated that NAC 
has prophylactic properties and that its effects are not limit-
ed to the hippocampal region but also extend to the striatum, 
VTA, and SN.

NAC administration also decreased iNOS immunoreactivi-
ty, demonstrating its anti-inflammatory effect, and resulted in 
the dopaminergic system approaching levels similar to those 
of  the control group.

CONCLUSION

The study has demonstrated the favorable impact of  NAC 
on DOX-induced brain damage. NAC administration reduced 
neuronal damage, degeneration, and necrosis in regions of  the 
brain crucial for cognitive and memory processes. Further-
more, NAC exhibited anti-inflammatory properties, as evi-
denced by decreased iNOS immunopositivity, and preserved 
the expression levels of  Nurr1 and TH, which are crucial for 
dopaminergic neuron function. These findings indicate that 
NAC may have a prophylactic effect in preventing the cog-
nitive impairments associated with DOX treatment. Further-
more, the utilisation of  varying doses of  DOX in forthcoming 
studies may prove advantageous in terms of  comparative as-
sessment. 
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Estimating the carbon footprint of  dairy cattle in the district of  Karapınar, in the 
province of  Konya

Onur Erzurum1

ABSTRACT
Global warming refers to the increase in the amount of  heat resulting from the release of  greenhou-
se gases into the atmosphere. One of  the prominent strategies to mitigate global warming in the face 
of  an increasing world population is to regulate the livestock sector. The effect of  cattle on global 
warming is through the release of  greenhouse gases (CO2, CH4). The carbon footprint can be de-
fined as the damage caused to the environment by the amount of  greenhouse gases in the form of  
carbon dioxide resulting from the activities of  living beings. One of  the places where dairy farming 
is performed intensively in Türkiye is the district of  Karapınar in the province of  Konya. According 
to the data from the Turkish Statistical Institute, the total number of  dairy cattle in the district of  
Karapınar was 28,186 heads in 2018 and 32,405 heads in 2019. The difference of  4,219 heads is 
estimated to raise the carbon footprint potential by 426.4 kg CO2e year-1 in 2019 compared to 2018. 
When the increase per animal was calculated, the result was 0.01 kg CO2e year-1. This calculation 
was made utilising the Tier-1 method, using the equations provided in the Intergovernmental Panel 
on Climate Change (IPCC) 2006 guide. In the guide, the methods Tier-2 and Tier-3 are also speci-
fied, and more detailed methods are planned for future studies.
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INTRODUCTION

It is stated that the world population reached approximately 
8 billion people in 2023. According to the United Nations, this 
increasing number is expected to reach 9.7 billion in 2050 and 
10.4 billion in 2100. According to the data from the Turkish 
Statistical Institute (TUIK), Türkiye’s population reached 85.2 
million in 2023, ranking 18th in the world. This number is es-
timated to reach 93 million in 2050. 

The increasing population also increases the need for food 
for the continuity of  life. In order to meet the increasing food 
demand, new techniques in agriculture and animal husband-
ry must become widespread, and the number of  products 
produced per unit area must increase (Kitani, 1999; Özpınar, 
2023). For this reason, there has been an increase in the use 
of  intensive farming methods for dairy farming. Increasing 
the production in dairy farming can be achieved by improving 
the productivity of  animals or by increasing the number of  
animals. As a result of  the activities carried out to achieve the 
mentioned increases, the emission of  greenhouse gases into 
the atmosphere is increasing. With the increase in the con-
centrations of  gases released into the atmosphere, an increase 
in the earth’s temperature, referred to as “global warming”, 
is observed (Köknaroğlu and Akünal, 2010). While Bayraç 
(2010) defines global warming as a systematic increase in the 
temperature worldwide, Doğan et al. (2010) define it as the 
increase in the temperature on the earth due to the increase in 
gas concentrations in the atmosphere.

As a result of  the increase in the number of  dairy animals 

and various activities carried out to enhance productivity, the 
amount of  greenhouse gases released into the atmosphere will 
also increase. The term carbon footprint is used to track the 
outputs of  these activities at the production and consumption 
stages. The increase in greenhouse gases in the atmosphere 
due to livestock farming is caused by the effect of  carbon 
dioxide (CO2) and methane (CH4) gases (Türkeş, 2000). 35-
40% of  worldwide methane emissions originate from enteric 
fermentation and manure management in livestock (Steinfeld 
et al., 2006). It is stated that approximately 65% of  the total 
emissions of  greenhouse gases resulting from livestock activi-
ties are caused by cattle. In most developing countries such as 
Türkiye, 39% of  greenhouse gas emissions from the livestock 
sector originate from enteric fermentation and 26% from ma-
nure management (Herrero et al., 2013). This reveals that most 
of  the greenhouse gases released from activities in the live-
stock sector originate from cattle (Koyuncu and Akgün, 2017).

Cattle have a unique digestive system compared to other 
animals, allowing them to digest materials rich in poor-quality 
cellulose. As a result of  this digestion, they have an import-
ant place in the production of  methane and greenhouse gases. 
While it can be seen that cattle, when considered individually, 
produce a small amount of  methane gas (80-110 kg year-1), this 
amount is quite high when considering the cattle population 
(Koyuncu and Akgün, 2017). Greenhouse gases resulting from 
milk production in cattle account for approximately 20% of  
the total emissions (Gerber et al., 2013). 2-12% of  the gross 
energy ingested with the diet is lost by being converted into 
methane (CH4) during microbial digestion in the rumen. This 
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induces a negative impact on global warming (Öztürk, 2007). 
It is also stated that the energy required to produce feed raw 
materials constitutes approximately 10% of  the total carbon 
dioxide emissions, and the effect of  the amount of  energy 
consumed for milk production on emissions is considered 
insignificant (Koyuncu and Akgün, 2017). Among the green-
house gases that cause global warming, methane gas (CH4) 
ranks second after carbon dioxide (CO2) (Çetin et al., 2020). 
However, it is also stated that the global warming potential 
of  methane might be 21 times that of  carbon dioxide over a 
period of  approximately 100 years (Köknaroğlu and Akünal, 
2010).

The concept of  carbon footprint in global warming is used 
to indicate the impact of  the activities performed to meet the 
needs of  living beings. Different methods are used to measure 
this impact, and online programs are even designed to calcu-
late the results (Güven ve İlker, 2016).

In light of  this information, the study aimed to evaluate 
the impact of  dairy cattle on global warming in the district of  
Karapınar, located in the province of  Konya, an important 
location for dairy farming. Both carbon dioxide and methane 
gases were focused on in order to calculate this effect.

MATERIALS and METHODS

Karapınar, the region chosen to conduct the research, is a 
district of  the province of  Konya, one of  the prominent prov-
inces in Türkiye regarding dairy cattle breeding. According to 
TUIK data, Karapınar district ranked first among the districts 
of  Konya in 2018 and second in 2019 regarding the number 
of  dairy cattle. Among the dairy cattle bred in the district, 
the number of  milking animals was 28,186 heads in 2018 and 
32,405 in 2019 (TUIK, 2023). The carbon footprint of  dairy 
cattle in the Karapınar district was calculated by matching the 
data received from TUIK with the calculation tables in the In-
tergovernmental Panel on Climate Change (IPCC, 2006) guide. 
For the values to be used in the calculations to be made in the 
study, Türkiye was classified as part of  the “Eastern Europe” 
region in the tables specified in the IPCC guide. No living or 
non-living animal material was used within the scope of  the 
study.

Calculation of  the carbon footprint

Tier (Tier 1, Tier 2, Tier 3) methods determined by the IPCC 
are used to calculate carbon footprints. The Tier 1 method was 
selected due to its ease of  use. This method works based on 
prediction (IPCC, 2006). Emission factor values in the IPCC 

guide are organised based on animal species and climate zones 
(temperatures). In the IPCC guide (IPCC, 2006), equation 10.22 
was used to calculate the carbon footprint resulting from manure 
management (Equation 1).

                                                                                      

(Eq. 1)

In this equation, CH4(Manure) refers to methane emissions from 
manure management (Gg CH4 year-1), EF(T) is the defined emis-
sion factor for the livestock sector (kg CH4 head-1 year-1), N(T) is 
the total number of  animals (head) in the population, T is the 

animal species or category.

For the EF(T) value in the equation, the values from Table 
10.14 of  the IPCC (IPCC, 2006) guide (Table 1) were used. In 
the related table, the levels of  development of  the countries, 
differences in manure management systems and temperature 
conditions of  the region are taken into account. Türkiye has the 
status of  a developing country. The average temperature for the 
district of  Karapınar in the province of  Konya in 2018 and 2019 
was 11.1°C (MGM, 2023). The values provided in Table 10.14 
of  the IPCC (IPCC, 2006) guide will be used for the calculations 
and are given in Table 1.

The methane gas emission factor resulting from manure man-
agement was selected from the values in Table 1. Since the av-
erage temperature of  Karapınar in 2018 and 2019 was 11.1°C, 
and based on the 11°C value in the table, the methane emission 
factor resulting from manure management for dairy cattle will be 
2 kg CH4 head-1 per year.

The Tier 1 method in the IPCC (IPCC, 2006) guide is a sim-
plified method used for estimating emissions by selecting emis-
sion values according to animal species and subcategories, feed-
ing patterns and annual average milk yield. The IPCC (IPCC, 
2006) guide states that Equation 10.19 (Equation 2) should be 
used to calculate CH4 emissions from enteric fermentation.                                     

                                                                                       

                                                                                                                                     (Eq. 2)

In this equation, emissions refers to the methane emissions 
from enteric fermentation (103 tonne CH4 year-1), EF(T) refers to 
the emission factor defined for livestock sectors (kg CH4 head-1 

year-1), N(T) refers to total number of  animals in the population, 
T refers to the animal species.
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Cold Mild Hot
≤10°C 11°C 12°C 13°C 14°C 15°C 16°C 17°C 18°C 19°C 20°C 21°C 22°C 23°C 24°C 25°C 26°C 27°C ≥28°C

Dairy 
cattle 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Other 
cattle 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 1. Methane emission factor from manure management for cattle according to temperature (IPCC, 2006)

Manure-derived methane emission factors that should be obtained according to annual average temperatures



For the EF(T) value in the concerning equation, the emission 
factor used was specified in Table 10.11 within the subcategories 
of  the IPCC (IPCC, 2006) guide. In this table, enteric fermenta-
tion emission factor values originating from cattle calculated by 
the Tier 1 method are evaluated, as well as the status of  devel-
opment of  the countries, differences in feed composition and 
annual milk amount (head) (Table 2). In this table, since Türkiye 
is located in Eastern Europe, the value taken as a basis for dairy 
cattle is 99 (the annual milk yield of  the cows selected is 2550 
kg head-1). In the case that the annual milk yield does not meet 
the specified value in the country category, the corresponding 
emission factor should be selected. For example, if  the annual 
milk yield is 2000 kg head-1, 90 should be selected as the emission 
factor value for dairy cattle.

In the IPCC (IPCC, 2006) guide, it is stated that, when 
converting methane emissions to a carbon footprint value as 
CO2e, it should be multiplied by 25.

RESULTS

When the values corresponding to the formulas in the equa-
tions are inserted, the results are presented below and shown 
in Table 3. 

- According to Equation 1, the manure-derived methane 
emission value found was 0.0564 Gg CH4 year-1 for 2018, while 
it was 0.0648 Gg CH4 year-1 for 2019. Methane emissions from 
manure increased in 2019 compared to 2018. The value of  this 
increase is 0.008 Gg CH4 year-1.

For the year 2018; 

For the year 2019; 

- According to Equation 2, methane emission values from 
enteric fermentation were 2.790 Gg CH4 year-1 for 2018 and 
3.208 Gg CH4 year-1 for 2019. The increase in one year was 
0.418 Gg CH4 year-1.

For the year 2018;      

For the year 2019; 

In order to express methane emission values as global 
warming potential, it is stated that the value found for CO2 
equivalence is multiplied by 25 (IPCC, 2006; Crosson et al., 
2011). The CO2 equivalence of  emission values are also given 
in Table 3. The CH4 emission value per animal was 0.1 kg CH4 
head-1 in both years.

Ersoy (2017) calculated the greenhouse gas emission values 
of  cattle in the province of  Konya according to 2015 and found 
that the methane emission value from manure was 1560 tonnes 
CH4 year-1, the methane emission value from enteric fermen-
tation was 70040 tonnes CH4 year-1 and the total emission val-
ue was 71600 tonnes CH4 year-1. According to the findings of  
the study, methane emissions from enteric fermentation in the 
province of  Konya constituted approximately 3.9% in 2018 and 
approximately 4.5% in 2019. Manure-derived methane emis-
sion values constituted approximately 3.62% in 2018 and 4.15% 
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Region Type of  Cattle
Emission Factor

     (kg CH4 head-1 year-1)
Explanation (Other)

North America
Dairy cattle

Others
128
53

Annual milk production 8.400 kg head-1

West Europe
Dairy cattle

Others
117
57

Annual milk production 6.000 kg head-1

East Europe
Dairy cattle

Others
99
58

Annual milk production 2.550 kg head-1

Australia
Dairy cattle

Others
90
60

Annual milk production 2.200 kg head-1

South America
Dairy cattle

Others
72
56

Annual milk production 800 kg head-1

Asia
Dairy cattle

Others
68
47

Annual milk production 1.650 kg head-1

Middle Asia/Africa
Dairy cattle

Others
46
31

Annual milk production 500 kg head-1

India
Dairy cattle

Others
58
27

Annual milk production 900 kg head-1

Table 2. Enteric fermentation emission factors for cattle according to the Tier 1 method (IPCC, 2006)

Emission factor values to be taken according to regions



in 2019. When Türkiye’s ranking is observed in the respective 
study, the values of  Aydın province, which ranks 16th, are ap-
proximately similar to those found for the district of  Karapınar.

In the study conducted by Yaylı and Kılıç (2020) on dairy cat-
tle farms, the enteric fermentation-derived methane emission 
value was found to be 659.3 Gg CH4 year-1 for Türkiye, 8.4 Gg 
CH4 year-1 for the province of  Bursa, and manure-derived meth-
ane emission value was found to be 99.9 Gg CH4 year-1 for Tür-
kiye and 1.7 Gg CH4 year-1 for Bursa province. The values found 
for Karapınar correspond to approximately 1/3 of  those found 
for Bursa province. The enteric fermentation-derived methane 
emission value of  Karapınar is approximately 2% of  that of  
Türkiye, and the manure-derived methane emission value is ap-
proximately 1.66%.

Ceyhan et al. (2020), in their study in Niğde on 2000 heads 
of  Awassi sheep, found that the CH4 emission produced by 
enteric fermentation was 0.016 Gg CH4 year-1, while the CH4 
emission from manure was 0.0002 Gg CH4 year-1. Compared to 
the values we calculated for cattle, the values found for sheep 
are relatively low. This is due to the difference in EF(T) value. 
For sheep, this value is taken as 8 for enteric fermentation and 
0.10 for methane emission from manure. 

In their study, Kara et al. (2019) found that the CH4 emis-
sion value per animal in autochthonous, imported and hybrid 
cattle breeds in Konya in 2017 was 21.6 kg The value per an-
imal found in Karapınar in 2018 and 2019 were significantly 
lower than this value.

In some studies, it has been stated that the largest contribu-
tion to greenhouse gas emissions is CH4 resulting from enteric 
fermentation (Robertson et al., 2015; Buratti et al., 2017; Kılıç 
and Amet, 2017; Kiggundu et al., 2019). In the calculated val-
ues, enteric fermentation accounted for approximately 55% of  
the total emissions in 2018, while it represented approximately 
44% in 2019.

DISCUSSION

Agriculture and animal husbandry are the biggest sectors 
expected to be affected by climate change. There is an increas-
ing need for food due to the rise in population. Animal prod-
ucts, which are essantial for maintaining a healthy lifestyle, are 
insufficient to meet the requirements. Therefore, increasing 
the production of  animal products is possible through meth-
ods such as increasing the number of  animals and improving 
productivity. There is a direct relationship between this situa-
tion and global warming, and an increase in greenhouse gas 
emissions is inevitable.

In the study, Tier 2 method is selected for the calculation of  
greenhouse gas emissions. This method provides more reliable 
results as it includes more comprehensive calculations com-
pared to Tier 1. Reducing the emission of  greenhouse gases is 
essential in the battle against climate change. Karapınar district 
is a prominent area not only in animal husbandry but also in 
the agricultural sector. In order to reduce greenhouse gas emis-
sions caused by dairy cattle in the Karapınar district, farms 
should be provided with training on manure management and 
enteric fermentation. Breeders should be made aware of  en-
vironmentally friendly practices. A correct plan should be cre-
ated and implemented to address these issues. For example, 
arrangements should be made for feed rations, and support 
should be provided for the installation of  biogas facilities.

CONCLUSION

As a result, a contribution has been made to the literature 
on carbon footprint, which is stated to have a significant im-
pact on gases emitted from animals. In this context, the extent 
to which dairy cows affect the carbon footprint has been re-
vealed. Some suggestions for reducing this effect have been 
presented, and a basis for future studies has been established. 
The number of  studies on this subject in Türkiye is insuffi-
cient, and more research is needed. It is intended to establish 
a basis with this study, and it is also planned to use the Tier 2 
method in future studies and to calculate the carbon footprint 
of  dairy cattle nationwide. 
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Intramammary ozone therapy in Candida mastitis

Afşin Köker1

ABSTRACT
This study investigated the effect of  intramammary ozonated distilled water on treatment success 
rates for mastitis caused by Candida spp., which resulted from intensive antibiotic use. The study 
material involved 60 Holstein udder quarters infected with Candida spp., which were divided into 
an ozone treatment group (n=30) and a control group (n=30). To conduct the study, 25 µg/ml of  
ozonated distilled water was applied intramammary to each udder quarter from which the causa-
tive agent had been isolated. Milk samples were collected on days 6 and 18 after application, and 
microbiological and mycological analyses were performed on them. The analysis results showed no 
statistically significant difference in recovery rates between days 0-6 after treatment, but a significant 
difference emerged between days 6-18 (P<0.05). A significant statistical difference also existed in the 
overall recovery rates between the ozone and control groups (P<0.05). Consequently, the conclusion 
drawn was that utilizing ozonated distilled water may prove effective for treating mastitis caused by 
Candida spp. and may increase recovery rates. 
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INTRODUCTION

Mastitis denotes an inflammatory reaction occurring in 
mammary tissue, typically triggered by microorganisms or 
physical trauma. It is widely acknowledged as a prevalent issue 
in dairy farming, leading to notable economic losses attributed 
to diminished milk yield and quality (Cheng & Han, 2020). 
Regarding the etiology of  udder infections in cattle, bacteria 
stand as the primary causative agents, with viruses, mycoplas-
ma, algae, yeast, and fungi being less frequently implicated 
(Costa et al., 2012). While bacterial infections are most com-
monly associated with mastitis, studies have shown that the 
prevalence of  yeast-induced mastitis varies from 1% to 12%. 
However, in specific herds, this prevalence may exceed 50% 
(Kirk et al., 1986).

In several research studies, mycotic infections of  the mam-
mary gland induced by yeast are predominantly attributed to 
Candida spp. Instances of  mastitis infections resulting from 
Candida spp. have been documented in animals over an ex-
tended period. The earliest documentation of  mycotic mastitis 
caused by Candida spp. dates back to Fleischer in 1930 (Du 
Pereez, 2000; Sartori et al., 2014). Additionally, yeast species 
such as Cryptococcus, Rhodotorula, and Trichosporum have 
also been implicated in mastitis among dairy cattle (Costa et 
al., 2012).

Yeasts are commonly found in humid environments abun-
dant in organic materials and can be easily identified on teats 
and milking equipment (Akdouche et al., 2014). Prolonged use 

of  antibiotics can lead to a decrease in vitamin A levels, conse-
quently compromising the integrity of  the mammary epithe-
lium. This, in turn, facilitates the invasion of  fungi and yeasts 
into the mammary glands (JasmMohammed and Yassein, 
2020; Kalinska et al., 2017). Additionally, inadequate sanitation 
in the milking parlor and with milking equipment, improper 
handling of  the cannulas used for intramammary treatment, 
and insufficient hygiene practices can result in severe yeast and 
fungal infections (Abd-El Razik et al., 2011).

While spontaneous recovery is possible in mastitis caused 
by fungi and yeasts, persistent yeast or fungal infections can 
endure for 6 to 12 months (Bourtzi-Hatzopoulou et al., 2003). 
Antifungal medications and supportive treatment approaches 
are typically utilized to manage mastitis resulting from yeast 
and fungi. Moreover, implementing management protocols 
and culling chronically infected animals can aid in preventing 
outbreaks (da Costa et al., 2012).

Diverse alternative therapeutic modalities have been em-
ployed for the treatment of  both clinical and subclinical mas-
titis. These modalities encompass ozone therapy, acupuncture, 
saline, glyoxylate, homeopathic remedies, and the use of  lac-
tobacilli (probiotics). Among these options, ozone therapy has 
emerged as one of  the more favored approaches. Ozone pos-
sesses bactericidal, fungicidal, and virucidal properties due to 
its oxidative effects on microorganisms (Sciorsci et al., 2020). 
However, it is noteworthy that yeasts and fungi exhibit great-
er resistance to ozone compared to bacteria (Varga & Szigeti, 
2016).
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The present study aims to investigate the efficacy of  intra-
mammary administration of  ozonated distilled water in the 
treatment of  Candida spp.-induced mastitis in dairy cows with 
a history of  mastitis due to intensive antibiotic usage. The 
study will evaluate the therapeutic outcomes based on Califor-
nia Mastitis Test (CMT) scores and mastitis type following the 
ozone therapy intervention.

MATERIALS and METHODS

Animal

The study was conducted on 240 Simmental cows aged 2-7 
years in  2012-2014 province, Burdur. Medical records indicat-
ed the intensive use of  systemic and intramammary antibiotic 
therapy for the treatment of  clinical mastitis cases, with an 
average of  45 days elapsing between the antibiotic treatment 
and the commencement of  the present study. Subsequent to 
bacteriological and mycological analyses, the animal material 
comprised 60 udder quarters (from 38 Simmental cows) exhib-
iting clinical or subclinical mastitis.

Collection of  milk samples

Prior to sample collection, the teats were cleaned with 70% 
ethanol solution. After discarding the initial few streams of  
milk into a strip cup, milk samples were aseptically collected 
into sterile 10 ml syringes. All milk samples were properly la-
belled and transferred to the laboratory for microbiological 
and mycological analyses under cold chain conditions.

Mastitis determination and California Mastitis Test

The presence of  clinical mastitis was assessed based on 
symptoms such as redness, edema, pain, induration in the ud-
der, and the presence of  visually abnormal milk. Udder quar-
ters exhibiting any of  these signs were recorded as clinical 
mastitis cases. Two ml of  milk was sampled from each udder 
quarter. The California Mastitis Test (CMT) was performed 
according to the standard procedure, and results were scored 
as +1, +2, +3, +4, or +5 following the Scandinavian system 
(Klastrup, 1975).

Microbiological and mycological analyzes

Udder quarters milk samples with clinical mastitis, CMT˃+1 
score and Candida spp. growth were included in the study. 
Each milk sample was inoculated onto sheep blood agar and 
MacConkey agar and incubated at 37°C for 48 hours. Stan-
dard biochemical methods and tests were employed for the 
isolation and identification of  bacterial isolates (Quinn, 2011). 
For mycological culture, each milk sample was inoculated in 
duplicate onto Sabouraud’s dextrose agar containing 0.05 mg/
ml chloramphenicol and incubated at 37°C and 25°C for 3-5 
days. Yeast isolates were identified based on morphological 
and microbiological characteristics. The standard procedure 
was followed for the isolation and identification of  Candida 
spp. (Jasm Mohammed & Yassein, 2020).

Groups and application of  intramammary ozonated distilled water

The study comprised two separate groups: the ozone treat-
ment group (n=30 udder quarters) and the control group 

(n=30 udder quarters). In both groups, the mammary quarters 
were completely milked out prior to the treatment applica-
tions. For the ozone group, 25 µg/ml ozonated distilled water 
(100 ml) was administered intramammarily at 12-hour inter-
vals for a duration of  3 days. Similarly, in the control group, 
only non-ozonated distilled water (100 ml) was administered 
intramammarily.

Ozone production

A mobile ozone generator (Medozon Compact, Germany) 
was transported to the study site on the scheduled treatment 
days. Subsequently, 5 liters of  distilled water were added to the 
bubbler accessory of  the device, and the ozone generator was 
activated. The distilled water was ozonated at a concentration 
of  100 µg/ml for a total duration of  5 minutes under manom-
eter control. As a result of  the ozonation process, a gas/liquid 
mixture was prepared at a concentration of  25 µg/ml (Vertini, 
2004). The intramammary administration of  ozonated water 
was completed within an average of  15 minutes.

Statistical analyzes

Statistical analyses were performed using the Minitab 16 
software package. The chi-square test was employed to evalu-
ate differences in CMT scores and recovery rates between the 
groups. Statistical significance was set at the cut-off  point as 
P<0.05.

RESULTS

Microbiological and mycological analysis

According to the results of  microbiological and mycologi-
cal analyses of  CMT-positive milk samples, Candida spp. was 
isolated in combination with coagulase-negative staphylococci 
(CNS), S. aureus, or Streptococcus spp. in 7 udder quarters. In 
the remaining 60 mammary quarters, pure Candida spp. was 
isolated. The study focused solely on the 60 mammary quar-
ters from which Candida spp. was isolated.

CMT scores and clinical presentation

The CMT score of  +1 was considered negative for mastitis, 
while scores of  +2, +3, +4, and +5 were considered positive. 
Subclinical Candida spp. mastitis was identified in 26 isolat-
ed mammary quarters, and clinical mastitis was present in 34 
mammary quarters. Mammary quarters with clinical symptoms 
and CMT score +4 and higher were considered as clinical 
mastitis.  The distribution of  Candida spp.-isolated mammary 
quarters according to CMT scores is presented in Table 1. Mild 
redness, increased body temperature, and coagulation-like 
structures were observed in the udder quarters diagnosed with 
clinical mastitis. There was no significant difference in the inci-
dence of  subclinical and clinical mastitis based on CMT scores 
(P>0.05).

Recovery rates

The gold standard diagnostic method for mastitis is micro-
biological analysis. For this purpose, milk samples that yielded 
negative results in the microbiological analysis were consid-
ered indicative of  recovery. Recovery rates increased at both 
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sampling time points in the ozone and control groups. How-
ever, no statistical difference in recovery rates was observed 
between the two groups after 6 days and 18 days of  treatment. 

There was a significant difference in recovery rates between 
the two sampling time points (P<0.05). Additionally, a signif-
icant statistical difference was found in the overall recovery 
rates between the ozone and control groups (P<0.05) (Table 
2). Recovery rates according to treatment groups and are pre-
sented in Table 3. When evaluating recovery rates based on 
CMT scores, the causative pathogen was not detected in al-
most all udder quarters across the groups. In fact, during the 
study period of  0-6 days and 6-18 days, complete recovery was 
not observed in either the ozone-treated group or the control 

group. However, according to the data obtained at the end of  
the study, a statistically significant difference in recovery rates 
was found in the group with the CMT score of  +5 (P<0.05).

DISCUSSION 

Yeasts are considered opportunistic pathogens of  the mam-
mary tissue. The types of  mastitis caused by yeasts are closely 
related to environmental hygiene (Akdouche et al., 2014). The 
excessive use of  antibacterial drugs (Crawshaw et al., 2005), 
contaminated antibiotic solutions, infected syringes, or other 
materials used in intramammary treatment may predispose the 
mammary tissue to yeast proliferation (Zaragoza et al., 2011). 
Additionally, the mammary defense mechanisms may be com-
promised due to potential immunosuppressive effects (Bekele 
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CMT score Number of  isolated udder quarters

Subclinical mastitisa 2 10
3 16

Clinical mastitisa 4 15
5 19

Table 1. Distribution of  mastitis according to CMT scores

Statistical analysis was performed within the columns only. Different letters indicate 
statistically significant difference.

Groups
Number of  negative udder 
quarters on the 6. day after 

treatment

Number of  negative udder 
quarters on the 18. day after 

treatment

Total number of  negative 
udder quarters  
(Healing rate)

Ozone 
group 14a 9a 23a (%76,67)

Control 
group 8a 3b 11b (%36,67)

Table 2. A total number of  healed udder quarters on the 0-6. and 6-18 days and at the end of  the study by groups

Statistical analysis was performed within the columns only. Different letters indicate statistically significant difference.

Distribution of  groups according to 
CMT scores

CMT 
scores

Pre- 
treatment

Candida (+)

0-6. days
Candida 

(-)

6-18 days
Candida 

(-)

Total
Candida 

(-)
Ozone group

2
6 3 2 5

Control group 4 0 1 1

Ozone group
3

9 4 2 6
Control group 7 3 0 3

Ozone group
4

6 1 2 3
Control group 9 1 1 2

Ozone group
5

9 6 3 9a

Control group 10 4 1 5b

Table 3. Number of  microorganism negative udder quarters on days 6 and 18 according to groups and mastitis scores

Statistical analysis was performed within the columns only. Different letters indicate statistically significant difference.



et al., 2019). Mycotic mastitis is classified into primary mycotic 
mastitis and secondary mycotic mastitis based on its mech-
anism of  occurrence (Akdouche et al., 2014). In the present 
study, the yeast infections were defined as secondary mycot-
ic mastitis. It was postulated that the resulting mastitis could 
have occurred due to the prolonged duration of  antibiotic 
treatment or as a consequence of  inappropriate manipulations 
within the mammary canal.

While bacteria are frequently reported as causative agents 
in mastitis cases, infections caused by yeasts and fungi are less 
common. However, these prevalence rates can vary according 
to farm conditions (Tel et al., 2009). In a study investigating 
the microorganisms responsible for mastitis, bacteria were 
identified in 64.10%, a combination of  bacteria and yeast in 
34.62%, and yeast alone in 1.28% of  the 78 CMT-positive milk 
samples collected from 400 cows. In a separate study, Candida 
spp. was detected in 29.35% of  a different herd experiencing a 
yeast mastitis outbreak due to inadequate hygiene conditions.

Onwuhafua et al. (2018) identified only 12.3% fungal iso-
lates from 300 cows with subclinical mastitis across 26 dairy 
farms in Nigeria. As can be inferred from these studies, the 
prevalence of  mastitis caused by yeasts and fungi can vary sub-
stantially depending on farm and hygiene conditions. The rates 
of  yeast or fungal isolates reported in these studies are quite 
low compared to the findings of  our study. This discrepancy 
can be attributed to the concurrent bacterial factors causing 
a relative decrease in the rate of  yeast mastitis in those herds. 
In our study, the etiology of  yeast-induced mastitis was asso-
ciated with long-term antibiotic usage. Consequently, almost 
all of  the isolated microorganisms consisted of  Candida spp. 
Infections can sometimes occur as mixed infections originat-
ing from both yeasts and bacteria, while at other times, pure 
yeast colonies are observed (Crawshaw et al., 2005; Costa et al., 
1993; Dudko et al., 2010; Zaragoza et al., 2011).

Candida spp. is the most frequently isolated species from 
mycotic isolates in different studies (Bourtzi-Hatzopoulou 
et al., 2003; Czernomysy-Furowicz et al., 2008). However, it 
is possible to encounter diverse yeast and fungal species in 
dairy herds (JasmMohammed and Yassein 2020). Various yeast 
species, such as Candida, Cryptococcus, Rhodotorula, and 
Trichosporon spp., have been associated with mastitis in dairy 
cows (Akdouche et al., 2014). Du et al. (2018) collected 482 
milk samples from cows with clinical mastitis across 4 differ-
ent herds, and microorganisms were isolated in 256 of  these 
samples. A total of  60 isolates belonging to nine different Can-
dida species were detected in 23.44% of  these samples. In our 
study, all the yeast agents isolated were identified as Candida 
spp. The reason for this predominance is that Candida was 
likely transmitted throughout the herd via milking equipment, 
udder tubes used for intramammary applications, and other 
environmental contaminants during the long-term antibiotic 
treatment period.

Milanov et al. (2014) identified the presence of  bacteria 
(73.49%) and yeasts (6.02%) in cows exhibiting both clinical 
and subclinical mastitis. Costa et al. (2012) reported the de-
tection of  Candida yeasts at a rate of  29.35% in a farm un-
dergoing a yeast mastitis outbreak in Brazil and noted that the 

mastitis type comprised 6.8% clinical and 30.2% subclinical 
cases when considering all causative factors. Indeed, the man-
ifestation of  clinical symptoms in yeast and fungal mastitis 
might be linked to the causative agents or their virulence fac-
tors (Sukumar and James, 2012). Similarly, in the present study, 
both clinical and subclinical yeast mastitis were observed, yet 
no statistically difference was discerned between the two mas-
titis types. In most clinical instances, mastitis induced by yeasts 
and yeast-like fungi presents with udder induration and watery 
or coagulated milk (Sukumar and James, 2012; Şeker, 2010). In 
certain cases, systemic symptoms may also manifest (Bourt-
zi-Hatzopoulou et al., 2003). In our investigation, akin symp-
toms were observed in clinical cases, albeit no systemic issues 
were noted. The extensive antibiotic and supportive treatment 
administered 45 days prior to the study commencement is pre-
sumed to have mitigated more severe clinical disorders in the 
udder and milk.

Antifungal medications are commonly employed in the 
treatment of  yeast mastitis. Furthermore, the utilization of  
probiotics and bioactive natural compounds in therapies has 
shown promising outcomes (Abd-El Razik et al., 2011). It is 
recognized that yeasts exhibit varying degrees of  sensitivity 
and resistance to antifungal drugs, including miconazole, keto-
conazole, amphotericin B, itraconazole, nystatin, fluconazole, 
fusidic acid, and voriconazole. Studies have indicated that in-
tramammary administration of  miconazole at a dosage of  100 
mg/50 ml can yield effective results; however, systemic admin-
istration may lead to hepatic and cardiovascular side effects 
(Asfour et al., 2021). Nonetheless, numerous antifungal drugs 
can be toxic to udder tissue (Du Preez, 2010). In contrast, the 
ozone employed in this study did not induce any toxic or sys-
temic adverse effects in the animals.

The medical application of  ozone relies on its antioxidant, 
immunostimulant, and antimicrobial properties. Particularly, 
when ozone is administered to exert its antibacterial, antiviral, 
antifungal, anti-yeast, and antiprotozoal effects, no residue is 
left in tissues and biological fluids post-application (Sciorsci et 
al., 2020). Ozone has demonstrated effectiveness in treating 
various forms of  mastitis in recent years. Studies have aimed 
to enhance healing rates, reduce bacterial load, improve clinical 
symptoms, and decrease the number of  somatic cells in bacte-
rial mastitis cases (Ogata and Nagahata, 2000; Jo et al., 2005). 
However, there is a scarcity of  studies investigating the use of  
ozone in treating yeast mastitis. Research concerning yeast and 
contamination primarily focuses on food products and storage 
conditions.

Numerous studies have explored ozone application using 
various methods and doses. Jo et al. (2005) utilized ozonat-
ed oil in cows with chronic mastitis, observing a decrease in 
somatic cell counts in the ozonated groups, although no sta-
tistical difference was found compared to the control group. 
Conversely, Sertkol et al. (2018) investigated the efficacy of  
intramammary ozone gas application on bacterial mastitis, 
concluding that it had no curative effect in acute clinical mas-
titis caused by Streptococcus spp. and yeast. Enginler et al. 
(2015) assessed the effectiveness of  different doses of  ozone 
gas in combination with antibiotics in cows with clinical 
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mastitis. They found that ozone insufflation was effective in 
treating clinical mastitis, with the best results achieved in the 
group using high-dose ozone (70 µg/mL) alongside antibiotic 
treatment. In our study, we administered a volume of  100 ml 
of  ozonated water into the mammary lobe, aiming to cover 
the majority of  the glandular area in the udder and thereby 
achieve effective treatment. The ineffectiveness of  ozone on 
yeast forms observed in other studies may be attributed to 
the ozone mixture administered in gas form failing to reach 
a sufficient concentration in all glandular tissues of  the udder. 
Hassan et al. (2016) conducted ozone fumigation on yeast and 
fungal isolates collected from buffaloes with mycotic mastitis. 
They demonstrated that low-dose (20ppm) ozone application 
against Fusarium and Candida spp among fungal isolates ef-
fectively reduced fungal growth in a short time. Similar results 
were obtained in our study concerning mycological recovery 
against Candida spp. The homogeneous distribution of  ozo-
nated water in the udder is presumed to have contributed to 
this outcome. It can be inferred that an adequate amount of  
ozone was reached in the isolate in our study, conducted in 
both the culture medium and tissue.

Recovery rates in yeast mastitis are closely intertwined with 
the type of  causative agent. Yeasts inherently exhibit great-
er resistance to ozone compared to bacteria, owing to their 
thicker cell walls. They are also more susceptible to ozone than 
fungi (Varga and Szigeti, 2016). Moreover, varying sensitivi-
ties between yeast species have been reported. Debaryomyces 
spp. are noted to be more prevalent than other species such as 
(Vallone and Stella, 2014; Varga and Szigeti, 2016). The isola-
tion of  Candida spp. in the study conferred an advantage in 
treatment.

CONCLUSION 

In conclusion, intramammary application of  ozonated dis-
tilled water did not impact Candida spp. It has been deduced 
that this method is effective in treating mastitis as it enhances 
recovery rates and presents itself  as an alternative to antibiotic 
use. Additionally, ozone does not cause harm to intramamma-
ry structures, rendering it safe for intramammary applications. 
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Investigation of  seroprevalence of  small ruminant lentivirus infections in  
Erzurum province of  Türkiye and determination of  individual and  
environmental variables

ABSTRACT
Small ruminant lentiviruses (SRLVs) are chronic, incurable, and vaccine-free viral disea-
ses that cause respiratory problems and nervous disorders and yield losses in sheep and goats. 
Caprine arthritis encephalitis virus in goats and maedi-visna virus in sheep have been named 
as SRLVs. This study aimed to determine the epidemiological status of  SRLV infection in Er-
zurum province and to evaluate the risk factors of  the disease based on breed, age, and sex. 
For this purpose, 204 animals including 184 sheep (Akkaraman, Morkaraman, and Hemşin breeds) 
and 20 goats (Anatolian Black goats) from 8 districts of  Erzurum province (Aşkale, Hınıs, Horasan, 
Karaçoban, Palandöken, Pasinler, Pazaryolu, and Tekman) were included in the sample. Commercial 
antibody-ELISA kit was used to determine the seroprevalence of  SRLV and 15.12% seropositivity 
was detected. In terms of  SRLV, 14.67% of  females and 20% of  males were positive.  In terms of  
breed, 20%, 13.76%, 0%, and 15% seropositivity was determined in Akkaraman, Morkaraman and 
Hemşin breed sheep and Anatolian Black goats, respectively. Although there was no statistically signi-
ficant difference in terms of  breed groups and sex, the detection rates in the districts were significant.  
In conclusion, the prevalence of  SRLV infection was investigated in 8 locations of  Erzurum pro-
vince, which is one of  the important centers of  animal breeding and where small ruminant breeding 
is at a high level, and significant findings were obtained at the district level. With this study, updated 
data on seroprevalence of  SRLV in the region were obtained and a broader perspective was tried 
to be provided by comparing with other SRLV studies in Türkiye and the world. These findings are 
important in terms of  evaluating the prevalence and transmission risks of  SRLV infections in the 
region and will shed light on future control and prevention strategies.
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INTRODUCTION

Sheep farming plays a strategic role for the economy and ag-
ricultural sector of  many countries as one of  the main sources 
of  meat and milk production on a global scale. Compared to 
other species raised for economic purposes, sheep breeding 
comes to the forefront due to some reasons such as being 
content with variables such as feed, environment, etc., being 
resistant to adverse environmental conditions, and being able 
to utilize meadows and pastures with low yields better than 
cattle (Gunes and Akin, 2017). Sheep breeding is a continu-
ous activity that provides various products such as meat, milk, 
fleece, leather, fertilizer, etc. (Karadas, 2018; Yılmaz, 2019). 
While pork and beef  have a significant share in red meat pro-
duction in the world, red meat production and consumption 
in Türkiye is mainly based on beef  and mutton (FAO 2023). 
Türkiye ranks first in Europe and seventh in the world with 44 
million sheep and 11 million goats (FAO 2023; TUIK 2023). 
Erzurum is an important center for sheep breeding in Türkiye 
and is one of  the provinces with the highest small ruminant 
population in the country with approximately 877 thousand 
sheep and goats (TUIK 2023).

As in every sector, there are some problems in small rumi-
nant breeding. These problems are largely related to breeding 

and health. Among the health problems, especially infections 
have an important place. In small ruminants, especially infec-
tious diseases (bacterial, parasitic, viral infections, etc.) increase 
their importance due to reasons such as the ease of  transmis-
sion, herd problems, and lack of  treatment for most of  them. 
Among the viral diseases of  small ruminants; bluetongue, 
border disease, sheep-goat pox, and small ruminant lentivirus 
(SRLV) infections are species-specific infections, while foot 
and mouth, rift valley fever, akabane, Schmallenberg virus 
infections are important viral infections that cause infections 
in both small and large ruminants. Among these infections, 
SRLV infections are distinguished from other viral infections 
since they do not have a vaccine, cause slow infections and 
remain persistent in the host for life (de Andrés et al., 2005).

According to the previous taxonomic nomenclature, SRLV 
infections included Maedi-Visna (MVV) and Caprine Arthritis 
Encephalitis viruses (CAEV). In 2023, in the new taxonomic 
classification, the viruses in the genus Lentivirus in the Retrovi-
ridae family were named as Lentivirus capartenc, the causative 
agent of  the disease formerly known as CAEV, and Lentivirus 
ovivismae, the causative agent of  the disease formerly known 
as MVV (ICTV, 2023). These viruses are known as SRLVs due 
to their structural, genetic and pathogenic similarities. Both 
viruses can infect sheep and goats. However, MVV infection 
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is more common in sheep; whereas, CAEV infection is more 
common in goats (Blacklaws, 2012). The respiratory form of  
MVV is called as “Maedi” and its nervous form is called as 
“Visna”. Maedi form is more common (Gomez-Lucia et al., 
2018). The disease affecting the joints and nervous system in 
goats is known as CAEV and it causes encephalitis especially in 
kids and mastitis and arthritis in adult goats (Blacklaws, 2012). 
Small ruminant lentiviruses contain a positive single-stranded 
RNA chain with a diameter of  80 - 100 nm. And they contain 
nucleocapsid, capsid, matrix and envelope proteins from the 
inside out (Minguijón et al., 2015).

SRLV has a long incubation period in sheep and causes a life-
long infection without clinical signs (Pépin et al., 1998). Clini-
cal signs include pneumonia, mastitis, arthritis and encephalitis 
(Kalogianni et al., 2023). Infection can lead to weight loss and 
death in some cases (Straub, 2004). The virus is transmitted to 
colostrum and milk via macrophages in the mammary gland, 
and lambs are infected via colostrum (Blacklaws, 2012; Go-
mez-Lucia et al., 2018). SRLV are slowly progressive infections 
and although humoral and cellular responses develop against 
the virus, the disease is difficult to control and eradicate be-
cause it is lifelong persistent (Oguma et al., 2014; Peterhans 
et al., 2004). There is no treatment or commercial vaccine for 
SRLV. Therefore, accurate diagnosis is fundamental to estab-
lish an optimal control program of  the infection and reduce its 
prevalence (Straub, 2004). Currently, the prevalence of  SRLVs 
is investigated based on cross-sectional epidemiological stud-
ies. Serological diagnosis of  viruses in the family Retroviridae 
also indicates the presence of  antigen.

Seroprevalence values vary between countries, animal breeds 
and age groups and are largely dependent on the laboratory 
tests used. Various tests such as indirect immunofluorescence 
(IIF), complement fixation test (CFT), agar gel immunodiffu-
sion (AGID), Western blot, indirect ELISA and radio-immu-
noassay (RIA) are used for serological diagnosis (de Andrés et 
al., 2005). AGID and ELISA are recommended as the most 
suitable methods to detect infected animals; ELISA has higher 
sensitivity but lower specificity than AGID (Straub, 2004).

Due to the significant socio-economic impact of  SRLVs, 
the World Organization for Animal Health (OIE) has included 
this disease in the list of  notifiable animal diseases (OIE 2023). 
SRLV puts in danger the sustainability of  sheep farms by af-
fecting the health and welfare of  animals, causing significant 
economic losses due to mortality and reduced milk production 
and lamb growth (Echeverría et al., 2020; Lipecka et al., 2010).

Looking at the national studies, it is seen that among SRLV 
infections, especially Maedi-Visna virus (MVV) infection has 
been investigated serologically more (Burgu, 1990; Ün et al., 
2018). Although these infections have been studied at the 
geographical region and province level, a limited number of  
studies have been conducted in Erzurum region, which has 
an important share in sheep breeding. The aim of  this study 
was to investigate SRLV infection in small ruminant farms in 
Erzurum, one of  the provinces where sheep breeding is in-
tensively practiced in the Eastern Anatolia Region of  Türkiye, 
and to evaluate the epidemiology of  the infection in a broad-
er framework and to make recommendations for combating 

the infection. For this purpose, blood samples were collected 
from sheep and goat farms in various districts of  Erzurum 
province, the disease was analyzed by ELISA method and the 
epidemiology of  the infection was evaluated.

MATERIALS and METHODS

Study Area

Erzurum is one of  the provinces with the highest altitude in 
Türkiye and has a harsh continental climate. This climate caus-
es heavy snowfall in the winter months and hot and dry weath-
er in the summer months. Erzurum is covered with snow for 
about 150 days of  the year and this snow feeds the rivers in 
the region.  These climatic characteristics of  Erzurum create 
a very favorable environment for animal husbandry. Winter’s 
heavy snowfall keeps the large plateaus and pastures supplied 
and ensures an abundance of  the plants used as sheep feed. 
Erzurum’s harsh continental climate supports sheep breeding 
activities and makes a significant contribution to the regional 
economy.

Materials

A total of  204 blood samples were collected from 15 sheep 
and goat flocks in Erzurum (Figure 1) by random sampling 
method. The sampled population consisted of  184 sheep (167 
ewes and 17 rams) and 20 goats (17 goats and 3 bucks). In this 
study, individual (age, gender, breed) and environmental (Er-
zurum province and districts) factors of  the sampled animals 
were also recorded. Blood samples to be used in serological 
tests were collected in sterile vacuum tubes and centrifuged at 
3000 rpm. The sera obtained were collected in stock tubes and 
stored at -20 °C until testing.

Detection of  SRLV antibodies by ELISA

A commercially available Pourquier ELISA Maedi-Visna/
CAEV Screening (Cat. No: P00303-10, Institute Porquier, 
France) test kit was used for the detection of  SRLV-specific 
antibodies. The ELISA test was performed according to the 
protocol recommended by the manufacturer. To obtain Opti-
cal Density (OD) data, the measurement was performed at 450 
nm and OD data were calculated.

Statistical Analysis

Chi-square (χ2) test was used in IBM SPSS 29.0 statistical 
program for statistical evaluation of  the data obtained in the 
study.  Differences between the groups in terms of  the an-
alyzed parameters were considered as significant at level of  
P<0.05.

RESULTS

ELISA Analysis 

Of  the 204 sheep and goat blood sera tested, 15.12% were 
positive for SRLV antibodies. When analysed for two species, 
SRLV antibodies were detected in 28 of  184 sheep (15.2%) 
and 3 of  20 goats(15%). The seroprevalence of  infection was 
14.67% in females and 20% in males. When analysed by gen-
der for two species, this rate was 14.37% (24/167) in ewes, 
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23.53% (4/17) in rams and 17.65% (3/17) in goats. No pos-
itivity was detected in bucks (0/3).  Among the sheep breeds 
included in the study, 20% positivity was found in Akkaraman 
and 13.76% positivity was found in Morkaraman. The pres-
ence of  specific antibodies was not observed in the Hemşin 
breed. The positivity rate in Anatolian Black goat was deter-
mined as 15% (Figure 1). 

When the districts were evaluated in terms of the presence 
of SRLV specific antibodies, Aşkale ranked first with 80%, 
followed by Palandöken and Pasinler districts with a positivity 
rate of 54.55%. The positivity rate was 9.32% in Horasan and 
7.69% and 4.76% in Tekman and Karaçoban, respectively.

No positivity was detected in Pazaryolu and Hınıs districts. 
Table 1 shows detailed results of the distribution of the 
variables such as sex, breed, and district.

Statistical Analysis

When the chi-square test was performed for breed and sex 
variables, p values were found to be 0.32 and 0.52, respectively. 

No significant correlation was found between breed and sex 
and SRLV antibody positivity rates. The p value was found 
to be 0.0001 as a result of  the chi-square test for the district 
variable. P<0.05 indicates that there is a significant correlation 
between the district variable and SRLV antibody positivity. 
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Figure 1. Geographical locations of  Erzurum province and its districts in Türkiye. 
Red circle: The related districts and SRLV positivity rates.

Districts
Sheep Positivity Rate Goats Positivity Rate

Female  
(n=167)

Male
(n=17)

Female 
(n=17)

Male
(n=3)

Aşkale (n=10) 8/10  (%80) - - -

Horasan (n=118) 9/98 (%9,18) 1/10 (%10) 1/9 (%11,11) 0/1

Pazaryolu (n=11) 0/11 - - -

Palandöken (n=9) 2/7 (%28,57) 2/2 (%100) - -

Hınıs (n=11) 0/10 0/1 - -

Tekman (n=13) 1/12 (%8,33) 0/1 - -

Karaçoban (n=21) 0/11 0/2 1/6 (%16,67) 0/2

Pasinler (n=11) 4/8 (%50) 1/1  (%100) 1/2 (%50) -

Table 1. Number and positivity rate of  sheep and goats by district and gender.



According to the statistical results in Table 2, no significant 
correlation was found between seropositivity and breed and 
sex (p>0.05). However, a significant correlation was found be-
tween the district variable and seropositivity (p<0.05). In 
ad-dition, Table 2 shows the number and percentage of 
positive and negative animals according to individual 
(gender, breed) and environmental (Erzurum province and 
districts) variables of the sampled animals.

DISCUSSION 

Small Ruminant Lentivirus (SRLV) infection occurs in most 
of  sheep farming countries of  the world except for Australia 
and New Zealand and causes significant economic losses (Tan 
and Alkan, 2002). In the case of  small ruminants, economic 
losses are caused by decreased reproductive activity, low milk 
yield, postpartum litter mortality and low growth rates in sero-
positive sheep and goats (Arsenault et al., 2003).

In studies conducted to determine the seroprevalence of  
the disease in the world, different prevalence rates were found. 
Fevereiro (1995) found 34.3% seropositivity in 1.912 samples 
in Portugal, Dawson and Clarkson (1995) found 0.39% sero-
positivity in 14.675 blood serum samples in England, Giangas-
pero et al. (1993) found 6% seropositivity in 1.445 small rumi-
nants in Syria and Cutlip et al. (1992) found 26% seropositivity 
in 16.827 blood serum in the USA. In Iraq, seropositivity rates 
were reported to be 21.82% and 5.88% in 110 blood serum 
samples and 68 milk serum samples obtained from sheep and 
goats, respectively (Mosa et al., 2024). Cana et al. (2020), ob-
tained seropositivity rates of  34.8% for sheep and 15.6% for 
goats in blood serum samples collected from 5.272 sheep and 

435 goats in Kosovo. In Italy, where small ruminant farming 
is very common, Cirone et al. (2019) reported a seropositivity 
rate of  18.64% in 4800 goats. In studies conducted in Greece 
(Kalogianni et al., 2023) and Spain (Lago et al., 2012) to deter-
mine seroprevalence, 66.5% and 24.8% positivity rates were 
obtained in sheep, respectively. The differences in the results 
of  these studies may have varied depending on addition of  
new animals into the facilities, care strategies, hygiene and san-

itation practices, and the number of  animals included in the 
sample. Seropositivity rate was 40.9% in Europe and ranged 
between 16.7% and 21.8% in Africa, Asia and North America 
(de Miguel et al., 2021). Although SRLV infections have differ-
ent detection rates around the world, the high seroprevalence 
values may be a result of  the persistence mechanism of  the 
virus. Due to asymptomatic and carrier sheep-goats, the virus 
persists in the herd and can be transmitted to new generations. 
The virus may be transmitted between countries through the 
trade of  animals that have not been serologically tested. As 
shown in this study, the prevalence of  SRLV in Türkiye is be-
low the average of  the Asian and European continents, but it is 
high for an infection without a vaccine. Imports are limited in 
the ovine livestock sector in Türkiye. Breeding is mostly done 
with domestic breeds and herds are not culled for seropositive 
animals. In this sense, seronegative animals can be imported by 
looking at the results of  the necessary serological tests, and it 
can be aimed to reduce the current positivity in Türkiye and to 
obtain purified herds.

Many serological and virological studies on SRLVs have 
been conducted in Türkiye (Eroksuz et al., 2022; Karapınar 
et al., 2016; Muz et al., 2012). The infection was first reported 
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Factor Positive Negative Positive % P value
Location

Aşkale (n=10) 8 2 80.00

0,0001

Horasan(n=118) 11 107 9.32

Pazaryolu (n=11) 0 11 0.00

Palandöken (n=9) 4 5 44.44

Hınıs (n=11) 0 11 0.00

Tekman (n=13) 1 12 7.69

Karaçoban (n=21) 1 20 4.76

Pasinler (n=11) 6 5 54.55

Breed

Akkaraman(n=64) 13 51 20%

0.32
Morkaraman(n=109) 15 94 13.76%

Hemşin (n=11) 0 11 0.00%

Anatolian Black goat (n=20) 3 17 15%

Gender

Female (n=184) 27 157 14.67%
0.52

Male (n=20) 4 16 20.00%

Table 2. Seroprevalence of  SRLV according to breed, gender and districts.



in sheep in Türkiye by Alibaşoğlu and Arda (1975) and was 
detected in 1984 by Girgin et al. (1987) in two imported rams 
through clinical, pathological and serological analysis. In the 
following years, studies on the presence of  infection in both 
public and state-owned small ruminant enterprises were car-
ried out. Burgu (1990) detected 23.9% seropositivity in 1.099 
samples in 12 sheep farms across the country and found pos-
itivity in 10 of  the 12 flocks they screened. In a serological 
study conducted by Muz et al. (2012) with blood serum sam-
ples collected from 911 sheep from 3 flocks in different re-
gions of  Türkiye, they recorded seropositivity in the flocks as 
58.65%. Karapınar et al. (2016) conducted a serological exam-
ination for the presence of  CAEV infection in 435 blood sam-
ples and 285 milk samples collected from goats in 4 regions 
(Central Anatolia, Aegean, Mediterranean, Marmara) between 
2007-2010 and found its prevalence rate as 8.5% and 4.9%, re-
spectively. SRLV was reported in all of  7 regions in Türkiye. In 
Erzurum in Eastern Anatolia Region, Schreuder et al. (1988) 
found 1.5% seropositivity in sheep. In Van, Ağrı, Hakkâri 
and Kars provinces, seropositivity rate was 19.76%, 16.66%, 
10.5% and 16%, respectively (Ameen and Karapınar, 2018; 
Gezer et al., 2021). In two studies conducted in the South-
eastern Anatolia region, 21.1% seropositivity was detected in 
Şanlıurfa (Gürçay and Parmaksız, 2013), but seropositivity was 
not detected in Siirt (Çelik et al., 2018). In a study conducted in 
the Central Anatolia region, seroprevalence rate was found to 
be 2.90% in Konya (Yavru et al., 2012). In the study conducted 
in Afyonkarahisar province in the Aegean region (Arik et al., 
2015), a positivity rate of  5.70% was detected. In the Marmara 
region, Yilmaz et al. (2002) found a seroprevalence of  1.2% 
in Istanbul. In the Black Sea region, 23% positivity was deter-
mined in a study conducted in Samsun, Sinop, Ordu, Trabzon, 
Rize, Amasya, Tokat, and Giresun provinces (Albayrak et al., 
2012). In the Mediterranean region, Doğan et al. (2021) found 
9.43% seropositivity in Hatay, Kahramanmaraş and Osmani-
ye and Kale (2020) found 1.60% seropositivity in Burdur. In 
the light of  all these studies, rates ranging between zero and 
58.65% can be mentioned for SRLV seroprevalence in Türki-
ye. In this study, using the total number of  sheep and goats in 
Erzurum province in 2023 (n=877.000) reported by TUIK, 
the minimum sample size was determined as 166 at confidence 
interval of  99% and a margin of  error of  10% and a total of  
204 samples from 8 districts of  Erzurum were studied.  The 
high margin of  error can be attributed to the fact that some 
of  the animals were in the barn and some in the pasture, a ho-
mogeneous sample could not be achieved from the whole herd 
and sampling was hardly performed from only 8 of  the 20 dis-
tricts in Erzurum province. SRLV seroprevalence was found 
to be 15.12% in the present study. In a study conducted in 
Erzurum province in 1988 (Schreuder et al., 1988), a seroprev-
alence value of  1.5% was found. Compared to a very old study, 
the present study both updated the epidemiologic data and 
determined the current prevalence of  the infection. In addi-
tion, the correlation of  Erzurum with studies in the geograph-
ically neighboring provinces (Rize, Trabzon, Van, Ağrı, Kars) 
is close to the values found in seroprevalence studies. While 
the highest seroprevalence value was found in Aşkale district 
(80%), the lowest value (0%) was found in Pazaryolu and Hınıs 
districts. The reason for the regional high seroprevalence of  

SRLV in the eastern provinces may be the seasonal migration 
of  small ruminants and the contact of  herds with more than 
one herd in several cities and the grazing of  many herds on the 
same pasture. In addition, the fact that small ruminant breed-
ers in the region do not renew the herd and positive animals 
live in herds for many years, lambs and kids are added to the 
herd and fed from the mother may also be an important factor. 
In order to reduce the current seroprevalence in the region and 
Erzurum province and to obtain pure herds, precautions such 
as reforming seropositive animals, adding new animals to the 
herd after serological controls, bottle feeding lambs and kids in 
separate sections, selecting breeding animals used in ram and 
billygoat from seronegative ones can be taken.

Studies on SRLV infection have also mentioned about breed 
susceptibility. A study conducted in Northern Ireland reported 
that Texel sheep breed was more susceptible than local breeds 
(Adair, 1986). In Iceland, Karakul sheep imported from Ger-
many in 1933 for the breeding of  local breeds did not show 
clear clinical signs of  the disease, while local breeds were ob-
served to be more susceptible (Tan and Alkan, 2002). Studies 
conducted in Türkiye have revealed that cultivated sheep are 
more susceptible to infection compared to local breeds (Yav-
ru et al., 2002). Burgu (1990) compared the susceptibility of  
domestic sheep breeds to the disease and found seropositivity 
rates of  2.6%, 3.1% and 3.1% in Akkaraman, Morkaraman and 
Karakaya sheep breeds, respectively, while high rates of  sero-
positivity of  40.5%, 64.7% and 32.5% were found in Sakız, 
Dağlıç and Kıvırcık breeds, respectively. In their study, Yavru 
et al. (2002) found seropositivity rates of  2.36%, 1.42% and 
6.45% in Akkaraman, Morkaraman and Merino sheep, respec-
tively. Kalaycı et al. (2023) also found that SRLV prevalence 
was higher in Pirlak sheep and Saanen goats compared to the 
other breeds in the study. Albayrak et al. (2012) found in their 
study that Amasya Herik breed sheep were more susceptible 
than Karakaya breed sheep, while Muz et al. (2012) reported 
that seropositivity was higher in Ivesi, Sakız, Dağlıç, Kıvırcık 
and Merino breeds. In this study, Akkaraman, Morkaraman 
and Hemşin breed sheep and Anatolian Black goats were stud-
ied and seroprevalence was found to be zero in Hemşin sheep. 
The fact that Hemşin sheep are the only sheep flock in the 
district where they are raised and they are not combined with 
other flocks in the pasture may explain the seronegativity. In 
the present study, seroprevalence values were found to be 20% 
and 13.76% in Akkaraman and Morkaraman breeds, respec-
tively. When compared with previous studies conducted with 
these breeds in Türkiye, higher positivity was found. In previ-
ous studies, it was evaluated that these breeds may be resistant, 
but the high positivity rates determined in this study indicate 
that the presence of  a breed resistance is unlikely to be the 
case, and this situation can be clarified in future studies with a 
larger sample size and a broader perspective that will include 
other provinces in the region. In addition, the difference in the 
regions where the study was conducted and the high rate of  
breeding and circulation of  these two breeds in the Eastern 
Anatolia region are also important for the value determined. 
As far as known, there are no studies on the presence of  the 
disease in Anatolian Black goats. Therefore, the present study 
is the first study in Anatolian Black goats at the breed level. 
The seroprevalence value in Anatolian Black goats was found 
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to be 15%. In this study, the seroprevalence value in Anato-
lian Black goats in Erzurum province was higher than that in 
sheep. Although no significant inference can be made in terms 
of  breed disposition due to the small number of  samples, the 
first detection of  the disease in Anatolian Black goats is an 
important epidemiological data. 

Studies conducted in terms of  SRLV have investigated 
age-related changes in seroprevalence. Gezer et al. (2021) sam-
pled 2- and 3-year-old sheep and found that the seropositivity 
rate increased with increasing age and interpreted the reason 
for this increase as increased exposure to the agent with in-
creasing age. In their study, Cana et al. (2020) reported that age 
did not make a significant statistical difference in sheep, while 
the seroprevalence value in goats younger than 2 years of  age 
was lower than that in goats younger than 4 years of  age. Ka-
laycı et al. (2023) also obtained data supporting that infection 
increased with increasing age. Kalogianni et al. (2023) also re-
ported that seroprevalence increased with increasing age. In 
this study, the animals included in the study were generally 
over 2 years old. Retroviruses, which are the causative agents 
of  infection, cause slow persistent infection by nature. The 
high positivity value we found in the present study also sup-
ports the correlation with the age factor. This result supports 
that the seroprevalence of  the disease increases proportionally 
with age in parallel with previous studies.

SRLV can affect both sexes in sheep and goats (Hasegawa 
et al., 2016). In the studies conducted by Mosa et al. (2024) in 
Iraq and Gezer et al. (2021) in Türkiye, they showed that sex 
had no effect on seroprevalence values. In this study, antibody 
screening of  20 male and 184 female animals yielded positiv-
ity rates of  20% and 14.67%, respectively. The presence of  
SRLVs in male animals is important and should be monitored 
regularly as it may affect the entire herd if  used as breeding 
stock.

CONCLUSION

It also plays a significant role because Türkiye’s meadows 
and pastures are more appropriate for sheep and goats, small 
ruminant meat, milk and milk products are produced there, 
their wool is used, they provide raw materials for industries, 
and the breeding of  sheep and goats increases employment 
(Benli and Kandemir, 2019; Yazgan et al., 2018). SRLV in-
fections, which are common in small ruminant herds all over 
the world and in Türkiye, are important due to the econom-ic 
losses they cause (Carrozza et al., 2023). Europe has been 
determined as the continent with the highest seroprevalence 
rate for SRLV and Türkiye acts as a bridge between Asia and 
Europe due to its location (de Miguel et al., 2021). In Türkiye’s 
neighboring countries (Greece, Iraq, Syria and Iran), approxi-
mately 22% positivity for these diseases was reported (Dousti 
et al., 2020; Giangaspero et al., 1993; Kalogianni et al., 2023; 
Mosa et al., 2024). However, the disease has been reported in 
most regions of  Türkiye (Albayrak et al., 2012; Kalaycı et al., 
2023; Sait and İnce, 2022).  SRLV infections are infections that 
need to be taken into consideration due to the lack of  vaccine 
and treatment options and the fact that they are persistent in-
fections and can be transmitted in many ways (Minguijón et al., 
2015). Due to the nature of  their persistence mechanism (Tro-

jan horse mechanism), retroviruses can persist in the infected 
organism for many years and therefore serologic detection can 
also prove their virologic presence (Bouzalas et al., 2024). For 
this reason, ELISA antibody test was selected as the appropri-
ate detection method for this study and was deemed sufficient.  
This study, together with the seropositive sheep and goat data 
of  SRLV infection in Erzurum province, is thought to shed 
light on new studies to be planned and conducted and erad-
ication measures to be taken. Based on this study conducted 
in Erzurum, up-to-date data on the presence of  infection in 
flocks were obtained. It is thought that the infection can be 
eliminated to a significant extent by informing animal owners 
and veterinarians, identifying persistently infected animals with 
eradication programs to be planned, and removing persistently 
infected sheep and goats from the herd.
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Evaluation of  estrus detection by cervical monitoring and pregnancy rates in  
ovsynch and co-synch treated Anatolian buffalo heifers

İlktan Baştan1, Fırat Korkmaz1, Derya Şahin2, Seher Şimşek2, Mehmet Ali Yılmaz2

ABSTRACT
The aim of  this study was to assess the relationship between the occurrence and intensity of  estrous 
expression and the success of  artificial insemination in Ovsynch and Co-synch treated Anatolian 
buffalo heifers, employing a novel approach utilizing smartphone-based endoscopic inspection of  
the cervix uteri. Twenty-seven Anatolian buffalo heifers (n=27) were utilized for the study. In the 
Ovsynch synchronization protocol (n=15), GnRH (buserelin acetate, 12 μg) was administered on 
day 0, PGF2α (cloprostenol, 500 μg) on day 7, and GnRH (buserelin acetate, 12 μg) on day 9, with 
artificial insemination conducted 16-20 hours after the second GnRH application. For the Co-synch 
protocol (n=12), GnRH (buserelin acetate, 12 μg) was administered on day 0, PGF2α (cloprostenol, 
500 μg) on day 7, and GnRH (buserelin acetate, 12 μg) along with artificial insemination on day 10. 
At the time of  artificial insemination, estrous expression was categorized as intense, moderate, weak, 
or negative. Pregnancies were confirmed between 40 to 70 days after artificial insemination using eit-
her pregnancy-related glycoprotein or ultrasonography examinations.Intense, moderate, weak, and 
negative estrus intensities were observed at rates of  20%, 20%, 26.7%, and 33.3%, respectively, in 
the Ovsynch group and 41.7%, 58.3%, 0%, and 0%, respectively, in the Co-synch group (P<0.05). 
Pregnancy rates were 30% and 75% in groups exhibiting solely intense and moderate estrus exp-
ressions, respectively, in both the Ovsynch and Co-synch groups (P<0.05).In conclusion, utilizing 
a smartphone-based endoscopy apparatus for capturing images of  the cervix uteri could serve as a 
viable alternative for classifying the intensity of  estrus and determining the optimal time for artificial 
insemination. Moreover, in Anatolian buffalo heifers, it is recommended to employ the Co-synch 
protocol instead of  Ovsynch.
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INTRODUCTION

The Anatolian buffalo (Bubalus bubalis), reared in Türki-
ye, has 50 chromosomes, typically has a dark coat color, and 
originates from the Mediterranean subgroup of  river buffalos 
(Ünal et al., 2020). In recent years, it has been established as 
a state policy to increase the population of  Anatolian buffalo, 
which fell below 100,000 in 2010, through assisted reproduc-
tive technologies. (Bastan et al., 2021). The most important of  
these reproductive technologies is artificial insemination (AI), 
which is widely used worldwide. The success of  AI is a very 
parametric phenomenon that is influenced by many factors, 
with the most important being the accurate timing of  AI and 
the synchronization of  estrus (Roelofs et al., 2010). A num-
ber of  estrus synchronization protocols have been developed 
in buffaloes and applied. These protocols are based on the 
administration of  gonadotropin-releasing hormone (GnRH), 
prostaglandin, and progesterone hormones. However, these 
protocols for synchronizing estrus in buffaloes are based on 
those developed for cattle (Ambarcıoglu et al., 2023; Pursley 
et al., 1995). 

The duration of  the estrus phase in buffaloes exhibits con-
siderable variation, spanning from 5 to 72 hours. Ovulation 
typically transpires between 26 and 33 hours following the ini-

tiation of  estrus. Consequently, both the duration of  estrus 
and the timing of  ovulation are extended in buffaloes relative 
to cattle breeds. This variability in estrus and ovulation times 
may result in suboptimal synchronization outcomes and re-
duced pregnancy rates in buffaloes, including the Anatolian 
buffalo (Küçükkebabcı and Aslan, 2002; Purohit and Rao, 
2018). Additionally, the identification of  estrus in buffaloes 
poses challenges due to the infrequency of  homosexual be-
haviors such as mounting or standing, as well as the anatomical 
characteristics of  the vulva that make external detection of  
cervical mucus difficult. This presents a substantial obstacle 
in pinpointing the optimal timing for artificial insemination 
(Neglia et al., 2020; Peralta-Torres et al., 2020).

Recent research suggests that the success of  artificial in-
semination in cattle is closely related to the intensity of  estrus 
expression than the synchronization protocol used (Ferraz et 
al., 2017; Madureira et al., 2021; Saini et al., 2023). Although 
many studies have shown varying pregnancy outcomes in buf-
faloes subjected to different synchronization protocols, few 
have specifically examined the relationship between the inten-
sity of  estrus expression and pregnancy outcomes (Akhtar et 
al., 2013; Baruselli et al., 2010; Du et al., 2021). In addition, 
the criteria used to define the intensity of  estrus expression 
may vary between studies. In this study, the intensity of  estrus 
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expression was defined by evaluating the visual appearance of  
estrus symptoms such as cervical mucus, vulvar edema, and 
vulvar hyperemia. Additionally, a smartphone-based endo-
scopic inspection of  cervix uteri was also used to determine 
the intensity of  estrus. This methodological approach differs 
from conventional techniques used in previous studies. This 
study aims to evaluate the relationship between the occurrence 
and intensity of  estrous expression and the success of  artificial 
insemination in Ovsynch and Co-synch treated Anatolian buf-
falo heifers, using a smartphone-based endoscopic inspection 
of  the cervix uteri.

MATERIALS and METHODS

Animal Material

For this study, 27 Anatolian buffalo heifers (Bubalus bub-
alis), each at least 22 months old, were selected under field 
conditions (n = 27). These heifers were identified by the Min-
istry of  Agriculture and Forestry, the General Directorate of  
Agricultural Research and Policies, and the National Anato-
lian Buffalo Breeding Project Technical Staff. Comprehensive 
health examinations were performed before and during the 
study to ensure the inclusion of  only healthy animals.

Synchronization Protocols 

The absence of  pregnancy in the animals was confirmed 
using an ultrasonography examination (7,5 MHz Linear prob, 
Hasvet® 838, Türkiye) before initiation of  the synchronization 
protocol. For the Ovsynch synchronization protocol (n=15), 
GnRH (buserelin acetate, 12 μg, Receptal® 3 ml, intramuscu-
lar [im]) was administered on day 0, PGF2α (cloprostenol, 500 
μg, Estrumate® 2 ml, im) on day 7, and GnRH (buserelin ac-
etate, 12 μg, Receptal® 3 ml, im) on day 9, with AI performed 
16-20 hours after the second GnRH application (Neglia et al., 
2016). For the Co-synch protocol (n=12), GnRH (buserelin 
acetate, 12 μg, Receptal® 3 ml, im) was administered on day 
0, PGF2α (cloprostenol, 500 μg, Estrumate® 2 ml im) on day 
7, and GnRH (buserelin acetate, 12 μg, Receptal® 3 ml, im) 
along with AI application on day 10 (Fig. 1) (Akhtar et al., 
2013).

 
Classification of  Estrous Expression

Classification of  estrus expression was performed based on 
vulva edema and vulva hyperemia on external examination. 
Additionally, the cervix uteri was monitored using a smart-
phone-based endoscopic inspection apparatus to determine 
whether the ostium externum uteri was open or closed and the 
presence of  cervical mucus. Estrus intensity was classified as 
follows: (Baştan 2019; Bulut 2012; Kaurav et al. 2019; Da Silva 
et al. 2023): 

Intense: The presence of  vulvar hyperemia, vulvar edema, 
cervical mucus, and open cervix uteri characterized intense es-
trus (Fig. 2).

Moderate: Moderate estrus was identified by vulvar hyper-
emia and vulvar edema, accompanied by open cervix uteri. 
However, cervical mucus was not observed.

Weak: The vulvar hyperemia and vulvar edema were ob-
served to be mild, with an open cervix uteri noted. However, 
cervical mucus was not present.

Negative: Negative estrus was characterized by the absence 
of  vulvar hyperemia, vulvar edema, and cervical mucus, along 
with a closed cervix uteri.

Artificial Insemination (AI)

Following the estrus examination, AI was performed using 
Anatolian buffalo semen on the buffalo heifers that did not 
have negative estrus intensity. The study utilized frozen se-
men in the same straw batch from Anatolian buffalo that had 
appropriate spermatological values (at least 15 million motile 
spermatozoa/straw) according to legal regulations (Bastan et 
al., 2021).

Pregnancy Diagnosis

The pregnancy diagnosis was performed using ultrasonog-
raphy (7,5 MHz Linear prob, Hasvet® 838, Türkiye) or mea-
suring pregnancy-associated glycoprotein in blood serum with 
the enzyme-linked immunosorbent assay method using the 
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Figure 1. Ovsynch and Co-synch synchronization protocols. 
GnRH: Gonadotropin-releasing hormone (buserelin acetate, 12 μg, 
Receptal® 3 ml), PGF2α: Prostaglandin F2-alpha (cloprostenol, 500 μg, 
Estrumate® 2 ml), AI: artificial insemination with frozen-thawed semen. 



IDEXX® Rapid Visual Pregnancy Test kit, 40 to 70 days after 
artificial insemination. (Arshad et al., 2022).

Statistical Analysis

Descriptive statistics were presented as percentages and 
numbers for qualitative variables. The relationship between 
estrus intensity, pregnancy rates, and the synchronization pro-
tocols used was analyzed using Fisher’s exact probability test. 
Statistical analyses were conducted using Stata SE 15.1 statisti-
cal software, with a significance level of  P < 0.05.

RESULTS

Table 1 presents the estrus expression of  Anatolian buffalo 
heifers at the time of  artificial insemination (AI), along with 
their corresponding pregnancy rates within 40 to 70 days post-
AI, categorized by the synchronization protocol utilized. In 
the Co-synch group, the highest rate of  intense estrus was ob-
served at 41.7%. Meanwhile, buffaloes that exhibited weak and 
negative intensity of  estrus had rates of  26.7% and 33.3%, re-
spectively. These estrus expressions were observed only in the 
Ovsynch group (P < 0.05). The pregnancy rates for buffalo 
heifers in the Co-synch group were 80% for those with intense 

Baştan, Korkmaz. Şahin...

Medit Vet J, 9(2): 326-332, 2024
328

Figure 2. Imaging of  the cervix uteri obtained through 
a smartphone-based endoscopic apparatus in Anatolian 
buffalo heifers during intense estrus. 

Synchronization 
protocol n

Estrus intensity (%) Number 
of  AIs

Number of  
pregnancies

P/AI 
(%)Intense Moderate Weak Negative

Ovsynch 15 20
(3/15)

20
 (3/15)

26.7
(4/15)

33.3
(5/15) 10 3 30a

Co-synch 12 41.7
(5/12)

58.3
(7/12)

0
(0/12)

0
(0/12) 12 9 75b

Table 1. Estrus intensities and pregnancy rates of  the ovsynch and co-synch groups.

AI: artificial insemination, P/AI: pregnancy per AI.
a,b Different letters in the same column indicate statistically significant differences (P < 0.05).

Figure 3. Pregnancy rates of  the buffalo heifers with intense and moderate estrus 
intensities in the Ovsynch and Co-synch group (P<0.05).* 
*: In the group exhibiting negative estrus, artificial insemination was not performed, 
and pregnancy was not achieved in the group displaying weak estrus.



estrus and 71.42% for those with moderate estrus (Fig. 3). 
In contrast, none of  the four buffaloes that exhibited a weak 
estrus response were found to be pregnant in the Ovsynch 
group, while the pregnancy rates were 66.67% for buffalo heif-
ers with intense estrus and 33.33% for those with moderate 
estrus. Statistical analysis revealed a significant difference (P < 
0.05), as depicted in Figure 3.

DISCUSSION

In this study, we detected the occurrence and intensity of  
estrus using a novel approach that image of  the cervix uteri 
with a smartphone-based endoscopy apparatus. Previous 
studies have employed various methods to assess estrus oc-
currence, including the observation of  different behaviors 
(standing to be mounted, mounting, bellowing, walking fence 
line, increased nervousness and activity, etc), and, in part, the 
measurement of  estradiol (E2) and progesterone (P4) concen-
trations in plasma. Several studies on artificial insemination 
and even embryo transfer in cattle have shown a positive rela-
tionship between the intensity of  estrus and pregnancy rates 
(Burnett et al., 2022; Madureira et al., 2015; Madureira et al., 
2022: Tippenhauer et al., 2021) Maduriera et al. (2015) report-
ed that high physical activity during estrus was associated with 
the success of  pregnancy per artificial insemination (P/AI) in 
Holstein cows. 

The study investigated the relationship between estrus 
intensity, assessed through physical activity, and pregnancy 
outcomes. Findings revealed that calving ease (unassisted vs. 
assisted) and postpartum diseases (such as retained fetal mem-
brane, displaced abomasum, and hyperketonemia) had adverse 
effects on both the intensity and duration of  estrus in lactating 
cows (Madureira et al., 2023). For this reason, it is thought that 
evaluating estrus intensity through cervix uteri monitoring will 
provide a more objective assessment of  both estrus intensi-
ty and conditions such as postpartum cervicitis and metritis, 
compared to determining estrus findings solely based on be-
havioral observations or plasma hormone (P4 and E2) levels.

There is limited research in the literature on the effects of  
the occurrence and intensity of  estrus expression on the suc-
cess of  AI in buffaloes. Gayke et al. (2022) reported that after 
the Ovsynch synchronization protocol in buffalo heifers, the 
rates of  intense, intermediate, and weak estrus were 33.3%, 
41.7, and 25.00%, respectively, and the pregnancy rate was 
33.33%. Sharma et al (2021) conducted a study on the Murrah 
buffalo and found that the Co-synch synchronization proto-
col resulted in 33.3% intense, 41.7% moderate, and 25% weak 
estrus intensities. The progesterone-supported Co-synch pro-
tocol resulted in rates of  46.7%, 33.3%, and 20% for intense, 
moderate, and weak intensities, respectively. These results are 
consistent with the estrus intensity rates observed in the cur-
rent study. In Sharma et al. (2021) study, the pregnancy rate 
was 33.3% in the Co-synch group and 46.6% in the progester-
one-supported Co-synch group. It is worth noting that hCG 
was used in the last stage of  their synchronization protocols, 
unlike in the current study where GnRH was used. Kumar et 
al. (2016) conducted a study on Murrah buffalo and found that 
38.4% exhibited intense estrus, 46.1% exhibited moderate es-
trus, and 15.3% exhibited weak estrus following the Co-synch 

protocol. The overall conception rate was 62.5%. During the 
study, pregnancy outcomes were observed in buffalo heifers 
that exhibited intense and moderate estrus expressions in 
both synchronization groups. The relationship between estrus 
intensity and pregnancy outcomes outlined in these studies 
aligns with the findings of  the current study, despite variations 
in the behavioral signs used to evaluate estrus expressions. In 
a study examining the administration of  oestradiol benzoate 
(OEB) on Nili-Ravi buffalo, there was no significant relation 
between estrous intensity and pregnancy rate (Yousuf  et al., 
2015). It is thought that this circumstance is due to the weak 
behavioral signs of  estrus in buffaloes. 

The efficacy of  estrus synchronization protocols is closely 
related to the dynamics of  follicular waves. In contrast to cattle 
breeds, buffaloes typically exhibit a two-phase pattern of  fol-
licular waves. (Jan et al., 2020; Abulaiti et al., 2022; Chaudhari 
et al., 2022; Manasa et al., 2022). Research on the follicular 
dynamics of  Anatolian buffalo is limited. Additionally, while it 
is generally observed that Anatolian buffalo exhibit three fol-
licular waves, there is research suggesting that two-phase follic-
ular waves are also common in this breed. (Aksoy et al., 2002; 
Uçar et al., 2004; Yilmaz et al., 2014; Yilmaz et al.,7 2021). 
Therefore, their estrus cycle is shorter than that of  buffaloes 
with three follicular waves, supporting the possibility of  earlier 
ovulation after administering a second GnRH in the Ovsynch 
protocol. For this reason, it is thought that estrus intensity 
and pregnancy rate were lower in the Ovsynch group. Since 
biphasic follicular growth is commonly observed in bovine 
heifers, it is recommended to utilize the Co-synch synchroni-
zation protocol either alone or in combination with progester-
one hormone supplementation. Pregnancy rates in Ovsynch 
and Co-synch treated buffaloes are highly variable when es-
trus findings are not assessed during artificial insemination. 
Hussein et al. (2016) achieved a 40% pregnancy rate in Egyp-
tian buffalo heifers following the Ovsynch synchronization 
protocol. Chaikhun et al. (2010) stated that 15% and 42.9% 
pregnancy rates were obtained from treated Ovsynch swamp 
buffalo heifers and cows, respectively. In a study conducted 
by Biradar et al. (2016) on repeat breeder buffaloes aged over 
10 years, the Ovsynch group exhibited a 50% pregnancy rate, 
whereas the Co-synch group showed a 37.5% pregnancy rate.  

In the present study, significantly higher pregnancy rates 
were achieved in the group of  Co-synch treated buffalo heifers 
compared to the Ovsynch group. In the Co-Synch protocol, 
the second GnRH application is administered during artifi-
cial insemination, distinguishing it from the Ovsynch proto-
col. Literature suggests that in buffaloes, the second follicular 
wave results in the development of  a secondary follicle that is 
comparable in size to the dominant follicle. Additionally, it has 
been observed that this secondary follicle can induce simulta-
neous or interval ovulations with the administration of  GnRH 
stimulation. (Wagas et al., 2016; Neglia et al., 2020). In this 
context, it is considered that fertilization occurs depending on 
the quality of  the sperm used. Moreover, natural estrus and 
ovulation periods have been reported to be longer in buffaloes 
than in cattle (Neglia et al., 2020). Synthetic GnRH analogs 
have a longer-lasting effect than natural GnRH. On average, 
natural GnRH release has a plasma half-life of  four minutes. 
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The buserelin acetate preparation utilized in this study exerts 
an effect that is 20-170 times stronger than natural GnRH. 
(Kumar et al., 2022). Therefore, the above-average pregnancy 
per artificial insemination (P/AI) outcomes observed in the 
Co-synch group could be attributed to the unique character-
istics of  follicular wave dynamics in Anatolian buffalo heifers 
and their responsiveness to exogenous GnRH treatments.

CONCLUSION

Presently, Anatolian buffaloes account for only 1% of  the 
total population compared to cattle breeds in Türkiye. This 
low percentage can be attributed primarily to the difficulties 
associated with the care, feeding, and reproduction of  Ana-
tolian buffaloes, which are often characterized as semi-do-
mesticated. Hence, ovarian dynamics could not be monitored 
using ultrasonography in this study. In conclusion, however, 
the study suggests that using a smartphone-based endoscopy 
apparatus to capture images of  the cervix uteri could be a via-
ble alternative to ultrasound applications for classifying the in-
tensity of  estrus and determining the optimal time for artificial 
insemination. Further studies on larger buffalo populations are 
needed to validate this model. Moreover, to avoid early ovula-
tion in Anatolian buffalo heifers, it is recommended to use the 
Co-synch protocol instead of  Ovsynch. 
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Sebaceous gland epithelioma with potential malignancy in a dog

Ömer Faruk Keleş1, Yağmur Kuşçu2, Caner Kayıkçı2, Hacı Ahmet Çiçek1 

ABSTRACT
Sebaceous gland tumors consist of  neoplastic proliferations of  sebaceous gland cells located around 
hair follicles in the dermis. These tumors are subclassified as sebaceous epithelioma, sebaceous 
adenoma, sebaceous adenocarcinoma and nodular hyperplasia. In this case report, a nodular growth 
in the sacral region of  an eight-year-old male Belgian Malinois dog was presented. Macroscopically, 
the nodular mass had a slightly soft consistency, grayish-white, and dark red-black appearance. The 
mass was measured in the dimension of  2x1x1 cm. Histopathologically, the tumor was observed 
to have a multilobular structure shaped by neoplastic cell islands. The tumor consisted mainly of  
eosinophilic cells with small cytoplasm resembling epithelial basaloid cells and to a lesser extent 
differentiated sebocytes. The parenchyma of  the tumor consisted of  irregular islets containing a 
small number of  mature sebocytes. Their nuclei are oval with one to three small nucleoli. Immu-
nohistochemically, tumor cells for Ki67 antibody showed strongly positive immunoreactivity. Based 
on the histopathological and immunohistochemical features, the tumor was diagnosed as sebaceous 
epithelioma having, a potential malignancy. Since no case of  sebaceous epithelioma with malignant 
potential has been reported in our country, we aimed to present the case with histopathological and 
immunohistochemical features.
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INTRODUCTION

Sebaceous gland tumors are neoplastic proliferations of  
sebaceous gland cells around hair follicles in the dermis of  
the skin. These tumors are classified as sebaceous epithelioma, 
sebaceous adenoma, sebaceous adenocarcinoma, and nodular 
hyperplasia according to the degree of  differentiation of  the 
proliferating sebaceous gland cells (Hendrick 2016). These are 
dog’s third most common skin tumors, accounting for 21-35% 
of  all cutaneous epithelial tumors (Vail and Withrow, 2007). 
Sebaceous epitheliomas are primarly seen in dogs and account 
for approximately one-third of  all sebaceous gland tumors and 
2% to 3% of  all skin tumors (Goldschmidt and Goldschmidt, 
2017). Epitheliomas have typical macroscopic appearances 
ranging from a few millimeters to a few centimeters in diam-
eter, with well-defined borders, hard consistency, ulcerated, 
nodular, and fungiform structures (Skelly and Franklin, 2002). 
Sebaceous epitheliomas are frequently seen on the head, ears, 
and dorsum in dogs between 8 and 13 years of  age (Gold-
schmidt and Goldschmidt, 2017). It has been reported that 
sebaceous epithelioma is a common sebaceous tumor com-
prising 35.7% of  all sebaceous tumors in dogs (Gross et al., 
2005). A case of  sebaceous epithelioma resulting in death 
due to metastases was reported by Bettini et al. (2009). Ki67, 
CK18, p63, CK14 and Bcl-2 antibodies were used to evaluate 
the potential malignancy of  sebaceous epitheliomas in dogs 
(Yoon and Park, 2016). However, there are no reports on his-
topathological and immunohistochemical characterization of  
sebaceous epithelioma which has malignant potential and re-
sults in death in our country. In this study, histopathological 

and immunohistochemical features of  sebaceous epithelioma 
were investigated using anti-Ki67 antibody.

MATERIALS and METHODS

An 8-year-old male Belgian Malinois dog was brought to 
the surgery clinic with the presentation of  a mass. Accord-
ing to the history, the swelling had developed approximate-
ly 15 days prior at the level of  sacral vertebrae. The patient 
was reported to have no loss of  appetite but had experienced 
weight loss. During the clinical examination, the mass was 
firm, elastic in consistency, and ulcerative. For induction, 0.1 
mg/butorphanol, 0.025 mg/kg medetomidine and, 5 mg/kg 
ketamine were administered intramuscularly. Anesthesia main-
tenance was achieved by continuous propofol infusion of  0.5 
mg/kg/minute rate. The tumor, along with the surrounding 
macroscopically unaffected tissues, was excised entirely. The 
mass was sent to the pathology laboratory.  The tumor mass 
was 2x1x1 cm in size and weighed 7.4 g. After routine tissue 
processing, the tissue samples were fixed in 10% buffered for-
malin and embedded in paraffin. Tissue sections of  about 4 
µm were stained with hematoxylin and eosin (H&E).  Immu-
nohistochemical analysis was performed using antibodies for 
Ki67 (MIB-1, Dako). Ki 67 immunoreactivity was determined 
according to the avidin-biotin complex procedure. Evaluation 
of  the proliferation index by Ki67 immunolabelling was per-
formed according to the method of  Yoon and Park (2016). 

Macroscopically, the nodular mass appeared grayish-white 
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and dark red-black, with a slightly soft consistency. The cut 
surface of  the mass was multilobular in appearance separated 
by thin fibrous tissue, and hemorrhagic, and had a similar color 
to its outer surface (Figure 1 A, B). 

Histopathological examination of  the tumor mass revealed 
a multilobular structure consisting of  tumor cell islets separat-
ed by an extensive fibrovascular connective tissue. Congestion, 

hemorrhage, and extensive areas of  necrosis were observed in 
the tumor parenchyma. Tumor cells separated by an irregular-
ly thin fibrovascular stroma reflected the characteristics of  a 
sebaceous epithelioma pattern (Figure 2 A). The parenchyma 
of  the tumor consisted mainly of  cells resembling epithelial 

basaloid cells with eosinophilic scant cytoplasm, round or oval 
nuclei, one or three small nucleoli, and to a lesser extent of  

Sebaceous gland epithelioma...
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Figure 1. A) A tumoral nodular mass observed 
in the sacral region showing a grayish-white 
and dark red-black appearance. B) The cut 
surface was a multilobular structure separated 
by thin fibrous tissue, hemorrhagic, and had a 
similar color to its outer surface.

Figure 2. A) Tumor cells separated by a thin fibrovascular stroma consisted 
mainly of  cells resembling epithelial basaloid cells with eosinophilic scant 
cytoplasm, round or oval nuclei, and one or three small nucleoli. HE, Scale 
bar = 50µm. B) Numerous mitotic figures (arrows) were observed in the 
parenchyma of  the tumor. HE, Scale bar = 25µm. C) Immunohistochemical 
staining for Ki67 shows prominent immune expressions in the nuclei 
of  many cells. The neoplastic cells have intracytoplasmic lipid vacuoles 
(arrow), Streptavidin Biotin Peroxidase method. Scale bar = 50µm.



differentiated sebocytes containing intracytoplasmic lipid vac-
uoles. Numerous mitotic figures, some of  which were atypical 
in appearance, were observed in the parenchyma of  the tumor 
(Figure 2 B). Mitoses were 4 to 6 per high power field (×400 
magnification). However, mitoses are found only in the tumor 
cells resembling epithelial basaloid cells, not found in differen-
tiated sebocytes. It was also observed that the foci of  ductal 
differentiation were seen as small ducts lined by squamous epi-
thelium and containing small amounts of  keratin in some areas 
of  the tumor parenchyma. Also, the local invasion of  tumor 
cells was detected in peripheral lymphatics and blood vessels. 
To investigate the malignant potential of  this case, immuno-
histochemistry for Ki67 was performed on sections of  the tu-
mor. Immune expressions were observed prominently in the 
nuclei of  many cells for Ki-67. The proliferative activity index 
of  tumor cells stained with Ki67 antibody was 35.7% (Figure 2 
C). Based on these findings, the case presented here was diag-
nosed as sebaceous epithelioma with malignant potential.

DISCUSSION

Sebaceous glands are microscopic glands commonly found 
in all hairy skin areas and secrete an oily substance that lubri-
cates the skin and hair. They also constitute the majority of  
hormonal metabolism in the skin (Chen and Zouboulis, 2009). 
The etiology of  sebaceous gland tumors is not known for 
certain (Jakab, 2003). However, it has been emphasized that 
hormonal dysfunctions may play an essential role in their de-
velopment (Rungsipipat et al., 2003). These tumors sometimes 
show locally aggressive behavior and metastasize to regional 
lymph nodes and other organs (Bettini et al., 2009). Although 
sebaceous gland tumors have been reported in all domestic 
animals, they are mostly reported in cats and dogs (Amaravathi 
et al., 2017; Goldschmidt and Goldschmidt, 2017). According 
to their histological characteristics and development, tumors 
are classified as nodular hyperplasia, epithelioma, glandular ad-
enoma, ductal adenoma, and adenocarcinoma (Goldschmidt 
and Goldschmidt, 2017). Although adenomas have been wide-
ly reported in dogs, carcinomas (Amaravathi et al., 2017) have 
rarely been reported. Sebaceous carcinomas arise primarily 
on the head (39%), neck (11%) and thorax in dogs, and are 
similar on grossly to sebaceous adenoma and epithelioma. In 
carcinomas, a multilobular, solid, grey-whitish nodular mass 
and local invasion is the most common finding (Graham et al., 
2004; Goldschmidt and Goldschmidt, 2017). Sebaceous epi-
theliomas typically appear as well-demarcated, firm, nodular, 
fungiform, or plaque-like masses in varying sizes, frequently 
with ulceration (Gross et al., 2005), and occur most often on 
the head, ears, and dorsum in dogs between 8 and 13 years of  
age (Goldschmidt and Goldschmidt, 2017). In the case pre-
sented here, the macroscopic appearance of  the tumor mass 
was similar to those of  sebaceous epithelioma described by 
Gross et al. (2005) and Goldschmidt and Goldschmidt (2017). 

It has been reported that in sebaceous adenocarcinomas, 
histologically, the neoplastic cells have intracytoplasmic lipid 
vacuoles, but the degree of  lipidisation varies from cell to cell 
and without significant amounts of  well-differentiated small 
basaloid cells. The nuclei of  tumor cells are reported to be 
large, chromatic, with prominent nucleoli and moderately 

pleomorphic. It was also reported that the number of  mitot-
ic figures was variable but atypical mitoses were also present. 
Mitotic figures will be found involving differentiated sebocytes 
as well as reserve cells, whereas in sebaceous epitheliomas mi-
toses are found only in the reserve cells (Goldschmidt and 
Goldschmidt, 2017). It has been reported that the histological 
pattern of  sebaceous epitheliomas is very characteristic; the 
parenchyma of  the tumor is mainly composed of  a predom-
inance of  small basophilic reserve cells with fewer sebocytes. 
The reserve cells may show considerable mitotic activity. Also, 
there are foci of  ductal differentiation lined with squamous 
epithelium and containing small amounts of  keratin. The dif-
ferentiation from sebaceous adenocarcinoma is based on the 
fact that the tumor cells have less cellular and nuclear pleomor-
phism and mitoses are not found in differentiated sebocytes 
(Bettini et al., 2009; Goldschmidt, 2017). In the case presented 
here, the parenchyma of  the tumor was similar to those of  
sebaceous epitheliomas described by Bettini et al. (2009) and 
Goldschmidt and Goldschmidt (2017). In addition, the tumor 
was considered to have a potential malignancy due to the pres-
ence of  numerous mitoses, some of  which were atypical, in 
the reserve cells and local infiltration of  peripheral lymphatics 
and blood vessels.

It has been reported that sebaceous epitheliomas are of  
low-grade malignancy and local infiltration frequently occurs. 
Therefore, recurrence occurs in incompletely excised neo-
plasms, but widespread metastases are rarely observed, and 
tumor cells spread to the mandibular lymph nodes and head 
region via lymphatics in metastasis cases (Gross et al., 2005; 
Bettini et al., 2009; Goldschmidt and Goldschmidt, 2017). The 
application of  anti-CK14, CK18, p63, Ki67 and Bcl-2 anti-
bodies in sebaceous epithelioma cases has been reported to be 
useful in the diagnosis and prognosis of  these tumors (Yoon 
and Park. 2016). To differentiate between sebaceous carcino-
mas and benign sebaceous tumors in humans, proliferating cell 
nuclear antigen and Ki67 markers are used (Cabral et al., 2006). 
Bettini et al. (2009) recorded the proliferative activity index of  
Ki67 as 51.6% to 68% in a dog with metastatic (multiple lung 
and central nervous system metastases) sebaceous epithelioma. 
Yoon and Park (2016) recorded the proliferative activity index 
of  Ki67 as 13.1% in a dog. In our case, the proliferative activ-
ity index of  tumor cells stained with Ki67 was 35.7% and the 
tumor cells were histologically found to be locally invaded into 
the lymphatic and blood vessels. These findings indicate that 
the tumor might have a high metastatic potential. But in this 
case, the metastatic tumor foci were not observed in the oth-
er regions of  the skin. Also, there was no information about 
the presence of  metastases in the internal organs during the 
operation. However, although the tumor mass was completely 
incised with a successful surgical excision, the anamnesis taken 
six months later revealed that the general condition of  the dog 
continuously deteriorated and the dog died.

CONCLUSION

As a result, in such cases, even if  the animal is diagnosed 
with sebaceous epithelioma, a surgical intervention must be 
performed very carefully and the postoperative process must 
be managed very well due to the high metastatic potential of  
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these tumors. 
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