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Eifects on Flock Eificiency of Sexual Experience and Behaviour Characteristics oi Saanen x Hair Male Goats
Based on Age*

ABSTRACT
Objective: This study aimed to investigate the impact of bucks’ sexual experience on the mating performance of does. Therefore, experienced bucks with high
mating efficiency and sexual experience were included in the mating program to increase flock fertility.

Materials and Methods: Fifteen sexually inexperienced young bucks were housed individually in pens with six estrus synchronized does. Ninety female Saanen
x Hair does divided into 15 groups of 6 does were used in the study. Data was collected through direct observation and by use of closed-circuit cameras same
time term for two years. Sexual behaviour characteristics of bucks such as number of times mounted, time taken to mount, number of ejaculations, ejaculation
time, mating efficiency, courtship behaviour and effects of mating behaviours on the fertility rate of does were evaluated. Mating efficiency scores of bucks
and the pregnancy and fertility rate of does were calculated in the first and second years. Paired samples t-test was performed to determine differences
between the years, and correlation coefficients were calculated to determine the relationship between the variables for each year. Arcsine transformation
was applied to data obtained as a percentage.

Results: In the first year, litter size and fertility rate were found to be 1.26 and 21%, respectively. In the second year, these increased to 2.93 and 69%,
respectively. Mating efficiency scores of bucks for the first and second year were calculated as 0.10 and 0.60, respectively. Results showed that the experienced
mature bucks had statistically significant effect on the mating performance of the doe and, consequently, on herd productivity.

Conclusion: Sexual performance traits in bucks affect the conception rate of does. By observing changes in the rates of sexual behaviours, the achievement of
mating with timely intervention can be increased. The evaluation of the sexual behaviour of bucks, testicular measurements, and semen characteristics
together is recommended.

Keywords: Courtship behaviour; fertility; mating behaviour; inexperienced bucks; sexually active bucks

Saanen x Kil Erkek Kecilerin Yasa Gore Cinsel Deneyim ve Davranis Ozelliklerinin Siirii Verimliligine Etkisi

0z
Amag: Bu calisma, tekelerin cinsel deneyiminin kegilerin giftlesme performansi tizerindeki etkisini arastirmayi amagladi. Bu nedenle, giftlesme verimi ve cinsel
deneyimi yuksek deneyimli tekeler, stirti verimliligini artirmak igin giftlestirme programina dahil edilmistir..

Materyal ve Methot: Onbes cinsel deneyimsiz geng teke, es zamanli alti kizgin disinin bulundugu boélmelerde ayri ayri barindirildi. Doksan disi Saanen x Kil,
6'sarli 15 gruba ayrilarak deneyde kullanildi. Veriler, iki yil boyunca ayni zaman diliminde dogrudan gézlem yoluyla ve kapali devre kameralar kullanilarak
toplandi. Tekelerin binme sayisi, binme siresi, bosalma sayisi, bosalma suresi, giftlesme etkinligi, kur yapma davranisi gibi cinsel davranis 6zellikleri ve giftlesme
davraniglarinin kegilerin dogurganlik oranlarina etkisi degerlendirildi. Tekelerin giftlesme etkinlik skorlari ile kegilerin gebelik ve dogurganlik oranlari 1. ve 2.
yilda hesaplandi. Yillar arasindaki farki belirlemek igin eslestirilmis (bagiml) érnekler t-testi yapildi ve her yil igin degiskenler arasindaki iliskiyi belirlemek
amaciyla korelasyon katsayilari hesaplandi. Ylizde olarak elde edilen verilere arcsin donlisimu uygulandi.

Bulgular: Birinci yilda yavru sayisi ve dogurganlik orani sirasiyla %1.26 ve %21 olarak bulundu. ikinci yilda bunlar sirasiyla %2.93 ve %69'a yiikseldi. Tekelerin
birinci ve ikinci yil giftlesme verim puanlari sirasiyla 0.10 ve 0.60 olarak hesaplandi. Sonuglar, deneyimli olgun tekelerin, kegilerin giftlesme performansi ve
dolayisiyla strti verimliligi Gzerinde istatistiki olarak gok 6nemli bir etkiye sahip oldugunu gosterdi.

Sonug: Tekelerde cinsel performans ozellikleri, kegilerin gebe kalma oranlarini etkilemektedir. Cinsel davranis oranlarindaki degisimler g6zlemlenerek
zamaninda miudahale ile giftlesme basarisi artirilabilir. Tekelerin cinsel davraniglan, testis oOlglileri ve semen 6zelliklerinin birlikte degerlendirilmesi
onerilmektedir.

Anahtar Kelimeler: Kur yapma davranisi; dogurganlik; giftlesme davranisi; deneyimsiz tekeler; cinsel olarak aktif tekeler
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INTRODUCTION

Mating performance and fertility are important factors for assessing the reproductive rate of goats. While
estrus synchronization is performed on goats, the libido levels and behaviours of goats are typically ignored.
Nonetheless, in estrus synchronization in females, it is crucial that the libido and reproductive performance of
male animals be at a level that allows mating to be completed in a short period of time (T6li et al., 2021). The
age of the goat with which a female goat mates is an additional factor that can affect her sexual response. It is
recommended that mature bucks be used to promote the reproductive activity of does, as adult bucks exhibit
greater sexual behaviour and release more pheromones than their younger counterparts (Rosa et al., 2002).
Ungerfeld et al. (2008) showed that ewes exposed to adult rams had greater rates of estrus behaviours, number
of induced spawning, and pregnancy rate than ewes exposed to yearling rams. Similar to young does, young
bucks isolated from females before mating exhibit a decrease in sexual behaviour because male sexual
behaviours are influenced by previous experiences with other females (Lacuesta et al., 2018). For example, sexual
behaviour measurement such as the number of ejaculations during a serving capacity test would be low when a
sexually-inexperienced male is first exposed to a receptive female. As the male gains sexual experience, the
frequency of ejaculations increases (Imwalle and Katz, 2004). In terms of animal production, it is unclear what
kind of influence sexual experience has on young and adult sexual performance. Under these circumstances,
several aspects of male sexual behaviour, such as mounting activity, ejaculation frequency, libido, and variation
in body weight constitute important pieces of information to design a mating program to incorporate young
males. However, it is unknown to what extent these behaviours contribute to reproductive success. In
uncontrolled mating systems, fertility is significant in terms of management success. Courtship is defined as the
exchange of signals between bucks and does to communicate with one another that they are ready for mating.

This study will characterize the sexual behaviour of bucks during a mating period under controlled
conditions over a two-year period to determine whether experience or age has an effect on the mating frequency
and conception rate of Saanen x Hair bucks. A key objective will be to distinguish the impact of the buck’s sexual
experience on breeding efficiency as opposed to the mating performance of the does.

MATERIAL and METHODS
Location

The study was conducted at Isparta Applied Sciences University, Sheep and Goat Research and Application
Unit, in the Western Mediterranean region of Tlrkiye. The study area is located between 37°50'3.41"N latitude
and 30°32'18.82"E longitude. The data provided pertain to the summer (June to September) season. The climate
of the area is characterized as semi-arid with cold winters (SMSI, 2018).

Animals and description of experimental groups

Ninety female Saanen x Hair does in their second and later parturitions, divided into 15 groups of 6 and
15 Saanen x Hair male goats under one year of age (9 months) were used in the experiment. The males were
kept isolated from the does until the mating period. For mating behaviour assessment, a single buck was placed
in a pen over a typical two-month mating program with 6 does which were estrus synchronized and had given
birth at least once. In the second year, the same bucks (21 months of age) were used under the same conditions.
The average live weight of the bucks used in the study for the first and second years were 37.36 and 50.61 kg,
respectively. The goat flock was kept in a semi-open shed. Animals were reared on pasture where the groups
were allowed to graze on natural pasture twice a day, morning and afternoon (05:30 - 11:30 and 16:30 - 21:30)
and kept in their closed pens overnight. The bucks were kept indoors during the study. Drinkable water and
mineral-salt blocks were provided ad-libitum. The management protocol for the study animals did not change
throughout the entire two-year experiment period. All animals were raised under similar environmental,
nutritional and managerial conditions. By using pen mating as opposed to flock or pasture mating, we prevented
disturbance to the does by the males during grazing and ensured that the bucks were well-fed whilst the does
were grazing.
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Estrus synchronization treatments

The estrus cycle of the goats was synchronized using intra-vaginal progestogen sponges impregnated with
45 mg cronolone (FGA, Chronogest, Intervet, Netherlands) (Omontese et al., 2014). Ten days after the
progestogen application, 5 mg of intramuscular (i.m.) PGF2a (iliren®, Intervet, Tiirkiye) was injected. Sponges
were removed after 12 days, and the females received an i.m. injection containing 500 IU PMSG (Folligon,
Intervet, Netherlands) (Zonturlu et al., 2011) and 90 does were mated with bucks (ince, 2010). Does started
kidding from the second week of February until the first week of March. Fertility was regarded as a reproductive
feature. Sexual behaviours were observed by the researcher for 30 minutes during the early morning (05:00) and
late evening (21:30) using real-time camera systems with 5 angles (Bench et al., 2001; Darwish and Mahboub,
2011).

Behavioural measurements

In this study, sexual behaviour characteristics of goats such as number of times mounted, time taken to
mount, number of ejaculations, ejaculation time, mating efficiency, courtship behaviour and effects of mating
behaviours on fertility rate of does were evaluated. The sexual behaviour test was applied to determine the
sexual behaviour of the male goats. Tests were administered in September during the mating season. Initially,
male goats were put in each of the 5x5 m enclosures. In each pen, there were six synchronized does. All does
give birth at least once and were experienced. Definitions of observed behavioural traits of bucks (Véliz et al.,
2002; Prado et al., 2003; Ozis and Kaymakgi, 2003; Imwalle and Katz, 2004; Konyali et al., 2011) and courtship
behaviour index value of bucks (CBIVB) are given in Table 1. However, the time taken to mount by bucks (TTM),
ejaculation number (EN), and ejaculation time (ET) were also determined. Mating efficiency scores for each buck
in each condition were calculated as follows:

Mating Efficiency = Ejaculation number / (mount number + mount attempt number)

(Bench et al., 2001; Véliz et al., 2002; Prado et al., 2003; Imwalle and Katz, 2004; Kaymakgl, 2010; Darwish and
Mahboub, 2011; Konyali et al., 2011). In the first and second years, the pregnancy rate (%) and fertility rate (%)
of the six does with one buck in each pen were calculated.

Table 1. Definitions of observed behavioural traits of bucks

Tablo 1. Tekelerde gézlenen davranis ézelliklerinin tanimlari

Buck Behaviours Descriptions
Mounting (M) Buck mounts on a female without ejaculation
Flehmen (F) Buck curling upper lip and sniff air
Leg kicking (LK) Frequency of buck’s leg- kicking to female
Anogenital sniffing (AS) Buck sniffs the urogenital region of females
Touching to vulva (TV) Buck touches to vulva of female with his head
Courtship behaviour index value of bucks The sum of frequencies of observed buck’s willingness behaviour
(CBIVB) (M+F+LK+AS+TV)

Statistical analysis

Statistical 7.0 package software (StatSoft, 2018) was used for conducting statistical analyses. CBIVB and
the mounting behaviour of the bucks were not distributed normally. These parameters were subjected to the
square root transformation. This transformation was applied to data obtained via counting. Following
transformation, paired samples t-test was performed to determine differences between the years, and
correlation coefficients were calculated to determine the relationship between the variables for each year.
Arcsine transformation was applied to data obtained as a percentage for pregnancy rate and fertility rate. P-
value of 0.05 or lower was considered statistically significant.
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RESULTS

Except for TTM and ET, all buck-related parameters increased in the second year (Table 2). Results show
that all of the bucks gained weight during the study and their average body weight increased from 37.36+4.38
kg in the first year to 50.61%5.40 kg in the second year (P<0.05). Although the courtship behaviour index value
of the bucks increased between the first and second year, no significant differences were observed. There were
significant differences between the first and second years for TTM. As bucks got older, TTM decreased (from
359.40 to 69.06 seconds). The ejaculation number of the bucks was higher in the second year than in the first
year (P<0.05). Ejaculation time between the two years was insignificant even though the difference between
these two years is important for the experience of the goats.

Table 2. The paired samples t-test statistics for body weight, courtship behaviour traits between years

Tablo 2. Tekelerin yillar arasinda canli agirlik, kur yapma davranisi 6zelliklerinin t-testi istatistikleri

Variable Year Mean SD T P-value
1 37.36 4.38

BW, kg -13.211 0.0001*
2 50.61 5.40
1 1.74 0.52

CBIvB -1.053 0.147
2 2.02 0.52
1 359.40 54.89

TTM, seconds 1.929 0.007*
2 69.06 8.78
1 1.72 0.37

EN -3.540 0.003*
2 2.27 0.37
1 239.33 36.38

ET, seconds 0.502 0.623
2 184.46 19.33

BW: Body weight, CBIVB: Courtship behaviour index value of bucks, TTM: Time taken to mount, EN: Ejaculation number,
ET: Ejaculation time, SD: Standard deviation, *P < 0.05.

Mating efficiency scores of bucks for the first and second year were calculated as 0.10 and 0.60,
respectively, indicating significant increase in mating efficiency in the second year (P<0.05). The reproductive
performances of the does are given in Table 3. In this study, 19 and 44 does of total 90 does were pregnant during
the first and second year, respectively. In other words, the pregnancy rate was found to be 21.1% in the first year
and 48.8% in the second year. The number of pregnancies per pen for each year was calculated as the rate of
pregnancy per pen (for 6 does) using the total number of pregnant does in that year. In the first and second
years, numbers of pregnancy/pen were 1.26 and 2.93, respectively. All the reproductive parameters increased
significantly (P<0.05) in the second year compared to the first year. In the first and second years, fertility rates
were 21% and 69%, respectively.

Table 3. The paired samples t-test statistics for reproductive parameters between years

Tablo 3. Yillar arasinda tireme parametreleri igin eslestirilmis érnekler t-testi istatistikleri

Reproductive Parameters Year Mean SD T P-value
1 1.26 0.96

Number of pregnancy/Pen* -3.851 0.001
2 2.93 1.75
1 0.21 0.16

Fertility rate -3.851 0.001
2 0.69 0.29

* Does pregnant by each buck in each pen, (P < 0.05), SD: Standard deviation.
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The correlation coefficients among observed behavioural parameters in the first year are presented in
Table 4. None of the observed behavioural parameters, except for ME, exhibited any effect on the CBIVB. There
was a strong correlation of 0.77 between CBIVB and ME (P<0.05). Significant (P<0.05) positive correlations
between the number of pregnancies and CBIVB as well as ME and EN were found to be 0.75, 0.73, and 0.73,
respectively. The number of pregnancy was not influenced by BW, TTM, and ET. BW had a significant (P<0.05)
negative effect on ET value. Additionally, there were positive and significant (P<0.05) correlations among fertility
rate, CBIVB, EN and ME values. Strong and positive correlations existed among CBIVB, EN, EN and reproductive
features of does (Table 4).

Table 4. The correlation coefficients (r) among the behavioural and reproductive traits for the first year.

Tablo 4. Birinci yil igin davranis ve ireme ézellikleri arasindaki korelasyon katsayilari (r)

Variable BW CBIVB TT™M EN ET ME
Number of pregnancies 0.24 0.75* 0.36 0.73* -0.20 0.73*
Fertility rate? 0.24 0.74* 0.36 0.73* -0.20 0.74*
BW 0.36 -0.21 0.47 -0.37* 0.07
CBIVB 0.13 0.39 -0.09 0.77*
™ 0.50 -0.18 0.36
EN -0.33 0.55*
ET -0.24

BW: Body weight, CBIVB: Courtship behaviour index value of bucks, TTM: Time taken to mount, EN: Ejaculation number, ET: Ejaculation
time, ME: Mating efficiency. *P < 0.05

Table 5 showed the correlation coefficients for the second year. The level of relationship between CBIVB
and EN was increased and statistically significant (P<0.05) in the second year. Similarly, the number of
pregnancies, fertility rate and EN in the second year revealed statistically significant (P<0.05) correlations with
ME value.

Table 5. The correlation coefficients (r) among the behavioural and reproductive traits for the second year.

Tablo 5. The correlation coefficients (r) among the behavioural and reproductive traits for the second year.

Variable BW CBIVB TT™M EN ET ME
Number of pregnancies 0.12 0.59* -0.08 0.77* -0.15 0.90*
Fertility rate? 0.12 0.59* -0.08 0.74* -0.15 0.90*
BW -0.03 0.30 -0.08 -0.14 -0.01
CBIVB 0.08 0.65* 0.12 0.71*
TT™M 0.05 0.04 0.11
EN -0.29 0.80*
ET -0.16

BW: Body weight, CBIVB: Courtship behaviour index value of bucks, TTM: Time taken to mount, EN: Ejaculation number, ET: Ejaculation
time, ME: Mating efficiency. * P < 0.05
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DISCUSSION

Early sexual experience in bucks is an important factor regarding their sexual behaviours. Especially,
inexperienced candidate male goats at a young age may lead to fewer female goats getting pregnant and the
herd fertility dropping. The age of the bucks was a significant factor in the mounting behaviour. Observed
behaviour parameters were improved with increasing age and sexual experience. Older bucks have more
courtship behaviour than younger ones. The present data showed that the mating and courtship behaviours of
bucks are influenced by sexual experience (Gelez et al., 2004; Nikolov et al., 2005). Some researchers indicated
that the mating behaviour of small ruminants are influenced both by age and sexual experience (Gelez et al.,
2004; Simitzis et al., 2006). Bucks seemed to gain experience as CBIVB increased, and TTM and ET decreased
(Véliz et al., 2002; Imwalle and Katz, 2004).

Mating efficiency scores of bucks increased due to their experience. Darwish and Mahboub (2011)
reported similar results. However, Karaca et al. (2016) reported that the effect of experience was statistically
insignificant. Inexperienced male goats are more likely to experience jumps that do not result in ejaculation.
However, the frequency of copulation is important for male reproductive activity because the number of sperms
in the ejaculate tends to decrease as the incidence of copulation increases (Mellado et al. 2000). Bucks showed
higher mounting efficiency with increasing age (Perkins and Roselli, 2007). This is consistent with previous reports
(Mellado et al., 2000; Ungerfeld, 2003; Gelez et al., 2004; Nikolov et al., 2005; Simitzis et al., 2006; Perkins and
Roselli, 2007; Karaca et al., 2016), except for the results of Mellado et al. (2000), Konyal et al. (2011) and Karaca
et al. (2016). The inconsistent results could be explained by the low number of bucks/does or difference in
climatic conditions as season influences libido, testicular size and hormonal secretion in male animals through
photoperiod and/or changes in temperature, humidity index and rainfall. Consequently, degenerative changes
are observed in the form of reduction in testicular weight, size and consistency, which ultimately affect the
testicular endocrine profiles, libido and semen production profiles (Perumal et al., 2017). Imwalle and Katz (2004)
suggested that does have an important role in improving sexual experience. However, numerous factors have
been illustrated to affect sexual performance tests such as experience, testing period length, doe impact,
motivation, anxiety, etc. (Imwalle and Katz, 2004; Price et al., 1994). Reproductive parameters of the bucks and
mating does were also influenced by experience (Price et al., 1998). When the reproductive parameters in each
year were examined, it was seen that the mating of each buck increased in every pen in the second year.
Specifically, 21% of the does that mated inexperienced bucks gave birth, while after the same bucks gained
experience, the percentage rate of birth increased to 69%. There is an evident and significant difference between
these two percentage rates. This suggests that evaluating and gaining experience in terms of sexual performance
before bucks are used in mating programs is of great importance in terms of herd fertility. As a matter of fact,
throughout previous studies, it was observed that bucks exhibited more courtship behaviours instead of mating
behaviour during the period in which they were inexperienced. This suggests that it is inevitable to provide male
animals with sufficient experience for overuse (Price et al., 1998; Panagiotis et al., 2006). Bucks with sexual
experience have high mating efficiency which is primarily affected by their low mount time and mount attempt
number. These results are consistent with the findings of Maina and Katz (1999) and Konyali et al. (2011). Bucks
with sexual experience determine the estrous does in a shorter time and warn does by making more mounts
(Price et al., 1998). Similar to the results of this study, Veliz et al. (2002) compared mating efficiency between
sexually experienced and inexperienced Creole bucks and observed high sexual behaviour in the experienced
bucks. Young and sexually inexperienced bucks hesitantly approached does and the number of mounting and
ejaculation was less than experienced bucks (Kaymakgi, 2010). However, Price et al. (1998) examined the number
of mounting and ejaculations of Alpine and Saanen x Alpine goat crossbred bucks and found lower values in
sexually experienced bucks. This may be possibly linked to the incapacity of the male goats to reproduce. As in
this study’s results, Imwalle and Katz (2004) observed that the ejaculation number of French Alpine and Alpine x
Boer crossbred male goats without sexual experience was lower. Less mounting with experience only increased
ejaculation (Price et al., 1998). Nevertheless, the role of experience may be important, particularly when
considering the emotions of bucks (Lynch et al., 1992).
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CONCLUSIONS

In conclusion, the study demonstrated unequivocally that bucks with experience performed better than
their younger, inexperienced counterparts with regards to herd fertility. By observing changes in the rates of
sexual behaviours, the achievement of mating with timely intervention can be increased. Age and experience
increased bucks’ activity, which in turn, promoted mobilization in non-estrus does. The study also proved that
sexual experience influenced courtship behaviour, thus experienced bucks with high mating efficiency and sexual
experience must be incorporated to increase herd fertility. The study showed, however, that even under
controlled and confined settings such as pen mating, the performance of the young male goats was markedly
lower than when they were experienced a year later. Therefore, it would also be feasible to claim that it is not
as many missed opportunities or chance mating factors that impact mating performance as is commonly
believed. Further study is recommended to examine the relationship between sexual behaviour and testicular
and semen characteristics to ascertain the effect of sperm quality on male sexual behaviour. Other factors to
consider for future research are environmental aspects such as temperature, nutrition, and flock size influences.
By making use of the relationship between the sexual behaviour of goats and their reproductive performance,
success can be increased in selection and indirectly in some reproductive traits.
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ABSTRACT

Objective: The study was conducted to identify body measurements that can serve as selection criteria in breeding programs for Esme and Pirlak sheep breeds.
Additionally, the study aimed to investigate the phenotypic correlation between live weight and body measurements.

Material and Methods: The animal materials of both breeds were obtained from farms that are considered multiplier flocks in the breeding programs. The
animal material used in this study consists of a total of 612 sheep, including 311 Esme sheep from three breeders and 301 Pirlak sheep from three breeders,
sourced from six farms in Usak province. In the study, data were collected on various physical characteristics of the animals during the mating period, including
their head measurement (such as forehead width, head length, and ear length), body measurement (such as chest width, rump height, withers height, back
height, chest depth, chest girth, and body length), and weight at the time of measurement.

Results: The findings revealed that systematic environmental factors, such as breed, farm, gender, and age, have a statistically significant effect on the live
weight and body measurements. On the other hand, positive correlation coefficients were obtained for live weight and body measurements.

Conclusion: The findings revealed that utilizing body measurements, particularly chest girth, as selection criteria in breeding programs aimed at improving
growth characteristics can have a positive impact on the live weights of animals. The observation that the Esme breed exhibited higher values than the Pirlak
breed in terms of live weight and certain body measurements suggests that this breed holds significant potential for meat production in the region.

Keywords: Body measurement, live weight, western Anatolia, farmers

Yetistirici Kosullarinda Yefistirilen Esme ve Pirlak Koyun Irklarimin Moriolojik Ozelliklerinin Arastiriimasi

0z
Amag: Galisma, Esme ve Pirlak koyun irklari igin saha islah galismalarinda seleksiyon kriteri olarak kullanilabilecek viicut élgilerinin belirlenmesi amaciyla
yuratilmastir. Ayrica, ¢alismada canli agirlik ve viicut 6lgileri arasindaki fenotipik korelasyonun arastirilmasi amaglanmistir.

Materyal ve Methot: Her iki irka ait deneme materyali hayvanlar yuritilen islah programlarinda ara elit olarak yer alan isletmelerde gergeklestirilmistir. Bu
¢alismada kullanilan hayvan materyali, Usak ilindeki alti giftlikten Ug yetistiriciye ait 311 Esme koyunu ve Ug yetistiriciye ait 301 Pirlak koyunu olmak Uzere
toplam 612 koyundan olusmaktadir. Calismada, giftlesme doneminde hayvanlarin bag 6lgileri (alin genisligi, bas uzunlugu ve kulak uzunlugu gibi), viicut olguleri
(g6gus genisligi, sagn yuksekligi, cidago yuksekligi, sirt yiksekligi, gogus derinligi, g6gls cevresi ve viicut uzunlugu gibi) ve 6lgiim anindaki agirliklari dahil olmak
uzere gesitli fiziksel 6zellikleri hakkinda veriler toplanmigstir.

Bulgular: Elde edilen bulgular, irk, isletme, cinsiyet ve yas gibi sistematik cevresel faktorlerinin Gzerinde durulan canli agirlik ve viicut 6lgileri izerine istatistiksel
olarak anlamli bir etkisi oldugunu ortaya koymustur. Ote yandan, canli agirlik ve viicut dlgiimleri icin pozitif korelasyon katsayilari elde edilmistir.

Sonug: Bu bulgular, gelisme 6zelliklerini hedef alan islah programlarinda segim kriteri olarak viicut olgulerinin, 6zellikle g6glis gevresinin kullaniimasinin,
hayvanlarin canl agirliklarini olumlu yonde etkileyebilecegini ortaya koymustur. Esme irkinin canli agirlik ve bazi viicut 6lgileri bakimindan Pirlak irkindan daha
yuksek degerler sergilemesi, bu irkin bolgede et tretimi igin Gnemli bir potansiyele sahip oldugunu géstermektedir.
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INTRODUCTION

Foods of animal origin are important components of a healthy and balanced diet. Red meat, in particular,
is a valuable source of exogenous amino acids and is known for its delicious taste and ability to quickly satisfy
hunger (Kausar et al., 2019; Farvid et al., 2021). It is also satiating and contains vital nutrients in sufficient
amounts, making it an important part of the diet for people of all ages (Pereira and Vicente 2013; Ye et al., 2020;
Demirhan and Sahinler, 2022). Meeting the important need of human beings is possible by assessing the
performance of livestock and implementing breeding plans that align with this yield direction in the field.

Sheep play a significant role in meat production. They are known for their adaptability to various climates
and environments. They can thrive in diverse geographic regions and harsh conditions where other livestock may
struggle. This adaptability makes them valuable for meat production in different regions of the world (Teixeira
et al., 2020). Sheep exhibit efficient characteristics for meat production. They have a relatively faster growth rate
and can reach market weight quickly compared to larger livestock species. This efficiency translates into shorter
production cycles and reduces the time and resources required to raise animals to the desired market weight.
Sheep excel at efficiently utilizing grazing resources. They can graze on a wide range of vegetation types, including
grasses, shrubs, and browse, which makes them valuable for pasture-based meat production systems. Their
ability to convert forage into meat makes them a valuable asset in sustainable and resource-efficient agricultural
practices. Sheep play a crucial role in small-scale and subsistence farming systems worldwide. They are often
raised by farmers with limited resources who depend on them for meat production and to sustain their
livelihoods (Cedden et al., 2020). Sheep breeding offers an opportunity for rural communities to generate
income, improve food security, and enhance their resilience to economic challenges (Cedden et al., 2020;
Alshamiry et al., 2023; Tunio et al., 2023).

Sheep breeding in Turkey is primarily conducted for lamb production. The country has a significant
demand for lamb and mutton, both for domestic consumption and for export (Akbay and Boz, 2005). Many
farmers engage in commercial sheep farming, raising animals for meat production. Therefore, in breeding
programs implemented in the field, the main focus is on the birth weight, weaning weight, live weight at
marketing, and average daily weight gain of animals. Live weight is a crucial parameter used not only to
accurately determine the period when animals will be shipped to the market but also to assess the health status,
fertility, and developmental characteristics of animals (Wishart et al., 2017; Posbergh and Huson, 2021; He et al.,
2023; Bates et al., 2023; Canul-Solis et al., 2023).

Esme and Pirlak sheep are native sheep breeds found in the Usak province in the western part of Turkey.
It is one of the important indigenous sheep breeds in the country. They are medium-sized animals with a well-
developed body. They have a white fleece with dense and fine wool that is highly valued for its quality. The head
is usually free of wool, and both rams and ewes typically have horns. They are well adapted to the local climatic
conditions of the Usak province, which include hot summers and cold winters. They have a good resistance to
heat and can graze in arid and semi-arid areas with limited vegetation. The Esme and Pirlak sheep breeds are
primarily raised for meat production. They have good meat quality and provide a moderate carcass yield.
Additionally, their wool is highly valued for its fineness and is used in textile production (Alarslan et al., 2021;
Bozkurt et al., 2023; Yilmaz et al., 2022).

Accurately measuring live weights and body dimensions of farm animals is crucial for evaluating their
performance and evaluation of intra-breed genetic variation within a breed. Accurate determination of live
weight and developmental characteristics is crucial for livestock farms due to their economic significance (Yilmaz
et al., 2013; Silva Souza et al., 2019; Posbergh and Huson, 2021). In addition, body measurements are another
important parameter for determining whether animals possess distinct breed characteristics and for selection
purposes. Since the identification of body measurements in livestock plays a crucial role in various areas such as
feeding and management, disease detection, genetic evaluation, and reproductive evaluation, it is also of great
significance in guiding animal breeding programs. Body measurements are also important in determining the
selection criteria used in animal breeding. Determining the relationship between desired characteristics and body
measurements contributes to making more accurate decisions in the selection of breeds. In addition, these
measurements can reveal whether animals possess breed characteristics. And it is one of the important pieces
of information for breed registration studies. They are a valuable tool used to define the morphological
characteristics and physical structure in animals. Body measurements and live weight measurements are
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commonly used as important criteria in scientific research and selection applications (Yilmaz et al., 2016; Silva
Souza et al., 2019; Tahtali, 2019; Abebe et al., 2020; He et al., 2023; Bates et al., 2023; Canul-Solis et al., 2023).

Therefore, it is crucial to accurately present these parameters. Body measurements and live weight
characteristics are quantitative traits that are influenced by various factors, including genotype, sex, birth type,
feeding regime, age, birth season, and maternal age. Significant phenotypic correlation values have been
reported between live weight and body measurements in various studies (Yilmaz et al., 2013; Canatan et al.,
2014; Saragoglu et al., 2016; Yilmaz et al., 2016; Akay et al., 2018; Silva Souza et al., 2019; Tahtali, 2019; Huma
and Igbal, 2019; Salazar-Cuytun et al., 2022). Therefore, accurate identification and monitoring of body
measurements in sheep are of great importance.

The study was conducted to determine body measurements that can serve as selection criteria in field
breeding studies for two breeds, as well as to investigate the phenotypic correlation between body weight and
body measurements. In this study, the objective is to determine the body characteristics and live weights of Esme
and Pirlak sheep breeds that are bred in Usak, a significant lamb production center in the Aegean Region, during
the mating period.

MATERIAL and METHODS
Animal Material

All animal procedures were conducted in accordance with EU Directive for animal experiments (European
Union, 2010), ARRIVE guidelines (Kilkenny et al., 2010) and national regulation on the protection of experimental
animals used for experimental and other scientific purposes (Anonymous, 2011).

The study was carried out in the mating season of 2021, that is, in July, in Usak, Turkey. The animal
material used in this study consisted of 612 sheep, including 311 Esme and 301 Pirlak sheep breeds from six
different multiplier breeding farms. These farms were part of two sub-projects, namely "Usak Esme Sheep
Breeding" and "Usak Pirlak Sheep Breeding" which were implemented in the Usak province as components of
the "National Genetic Improvement Project for Small Ruminants at Breeders' Conditions" project supported by
the General Directorate of Agricultural Research.

Body and Head Measurements

During the mating period, the body measurements and live weights of sheep on breeders' farms were
recorded. The live weights of the sheep were determined using a digital scale with a precision of 50 g.
Measurements of chest width (CW), rump height (RH), withers height (WH), back height (BH), chest depth (CD),
chest girth (CG), and body length (BL) were obtained using a measuring stick (Figure 1).

Figure 1. Body measurements

Sekil 1. Viicut élgiileri

A-B: withers height; C-D: chest girth; E-F: back height; G-H: rump height; I-J: body lenght; K-L: chest depth; M-N chest width

Measurements of forehead width, head length, and ear length were obtained using a measuring strip
(Figure 2).
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Figure 2. Head measurements

Sekil 2. Bas 6lgiileri

O-P: forehead width; R-S: head lenght, T-U: ear lenght
Statistical Analysis

Variance analysis was applied to the data to determine the influence of systematic environmental factors.
The UNIVARIATE procedure of SAS statistical package (1999) statistical package program was used to check
normality of the data. The result of this analysis showed that the data for all the measured characteristics were
normally distributed. Afterwards, the General Linear Model (GLM) and CORR procedures in the SAS statistical
package (1999) were used to analyze the variance of body and head characteristics and determine the Pearson
phenotypic correlation coefficients. The mathematical model used in the GLM procedure for statistical analysis
is as follows.

Mathematical model used for body and head measurements;

Y _ijkl=u+a_i+b_j+c_k+8(X_ij-X")+e_ijkl

Mathematical model used for live weight;

Y _ijkl=u+a_i+b_j+c_k+e_ijkl

Where,

Yijkl = Observation of body and head measurements and live weight

U= expected mean of the population

ai = Fixed effect of breed (i = Esme, Pirlak)

bj = Fixed effect of sex (j = male, female)

ck= Fixed effect of age (k=2, 3,4, 5, 6, 7)

6= Regression coefficient of live weight

Xij= Live weight of the animal

X= Means of live weight

eijk = Random errors with the assumption of N (0, 02)
RESULTS

With this study, body measurements of two different breeds were determined. Descriptive statistics for
body and head measurements of Esme and Pirlak sheep breeds are presented in Table 1.
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Table 1. Descriptive statistics for body and head measurements and live weight, in the Esme and Pirlak sheep breeds

Tablo 1. Esme ve Pirlak koyun irklarinda viicut, bas éligiileri ve canli agirliga iliskin tanimlayici istatistikler

Variable Breed Sex X£Sx CV (%) Min Max Overall Mean
Male 13.67+1.732 12.67 11.00 16.00
Esme 10.37
(cm) Female 10.27+0.586 5.70 9.00 12.00
FW (cm
Male 12.30+0.675 5.49 11.00 13.00
Pirlak 9.72
Female 9.63+0.746 7.75 8.00 12.00
Male 21.11+1.269 6.01 18.00 22.00
Esme 15.65
(cm) Female 15.48+1.172 7.57 12.00 18.00
HL (cm
Male 17.40+1.506 8.65 16.00 20.00
Pirlak 15.08
Female 15.00+1.436 9.58 12.00 19.00
Male 18.56+0.726 3.92 18.00 20.00
Esme 15.45
(cm) Female 15.36+1.509 9.83 11.00 20.00
EL (cm
Male 15.80+2.201 13.93 12.00 19.00
Pirlak 14.16
Female 14.10+1.516 10.75 10.00 18.00
Male 26.56+1.014 3.82 25.00 28.00
Esme 22.95
Female 22.84+2.366 10.36 17.00 29.00
CW (cm)
Male 24.7042.627 10.63 21.00 30.00
Pirlak 22.85
Female 22.79+2.353 10.32 16.00 32.00
Male 85.56+2.555 2.99 83.00 90.00
Esme 76.69
Female 76.43£3.209 4.20 70.00 87.00
RH (cm)
Male 87.70+2.983 3.40 83.00 92.00
Pirlak 76.15
Female 75.75+3.356 4.43 68.00 85.00
Male 88.89+2.088 2.35 87.00 94.00
Esme 77.48
Female 77.1443.206 4.16 69.00 86.00
WH (cm)
Male 87.90+3.28 3.73 83.00 94.00
Pirlak 75.65
Female 75.2343.112 4.14 68.00 83.00
Male 87.11+1.453 1.67 84.00 89.00
Esme 75.55
Female 75.21+3.207 4.26 65.00 84.00
BH (cm)
Male 86.20+2.700 3.13 82.00 89.00
Pirlak 74.03
Female 73.61+3.150 4.28 66.00 82.00
Male 36.11+1.054 2.92 35.00 38.00
Esme 32.10
Female 31.98+2.053 6.42 26.00 37.00
CD (cm)
Male 36.50+2.415 6.62 33.00 40.00
Pirlak 32.93
Female 32.80+2.130 6.49 28.00 40.00
Male 116.44+2.01 1.72 113.00 119.00
Esme 104.66
Female 104.31+5.82 5.58 85.00 117.00
CG (cm)
Male 108.40+7.860 7.25 100.00 120.00
Pirlak 104.47
Female 104.34+6.460 6.19 89.00 127.00
Male 77.78+3.46 4.44 72.00 83.00
Esme 59.77
(em) Female 59.24+4.041 6.82 50.00 73.00
BL (cm
Male 71.9045.570 7.74 64.00 83.00
Pirlak 59.24
Female 58.80+4.555 7.75 46.00 72.00
Male 114.44+8.85 7.73 100.80 129.10
Esme 73.78
Female 72.57+9.114 12.56 43.70 99.40
LW (kg)
Male 95.56+14.04 14.69 80.10 125.30
Pirlak 68.40
Female 67.46+8.551 12.68 45.80 93.40

FW: forehead width, HL: head lenght, EL: ear lenght, CW: chest width, RH: rump height, WH: withers height, BH: back height, CD: chest depth, CG: chest girth, BL:

body lenght, LW: live weight
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With this study, body measurements of two different breeds were determined. Descriptive statistics for
body and head measurements of Esme and Pirlak sheep breeds are presented in Table 1.

When evaluating the descriptive statistics of body measurements, differences in the discussed characteristics
can be observed among breeds. The standard deviation, coefficient of variation, and change limits of live weight
indicate that this feature exhibits significantly greater variation compared to body and head characteristics.
These findings provide the most concrete evidence that body weight is the primary selection criterion used in
breeding programs conducted in the field. Furthermore, male Pirlak breed individuals exhibited greater variation
in live weight than females. Upon evaluating the descriptive statistics, it is evident that the FW and EL
parameters, as well as the live weight values obtained from body measurements, exhibit the highest coefficients
of variation. The criteria used to define the body structure of sheep has been evaluated, and the least squares
means and standard errors are presented in Table 2.

Upon examining Table 2, it was found that the impact of breed, sex, and age, which are considered fixed
effects on head measurements, was statistically significant. However, the impact of breed on head length was
considered insignificant. Males exhibited higher values than females in terms of both head and body
measurements. It is noteworthy that the Esme breed received higher values than the Pirlak breed in terms of
body and head measurements. The impact of age on body and head measurements, except for chest width and
chest girth, was determined to be statistically significant (P < 0.01).

Live weight and body measurements of farm animals are directly related to muscle development and
bone structure. For this reason, live weight should be taken into account when evaluating the body
measurements of animals. Therefore, when evaluating body measurements in the study, body weight was
included as a covariate in the statistical model. The effect of live weight, which was considered as a covariate in
the statistical model, on body and head measurements was found to be statistically very significant (P < 0.001).
The impact of all the fixed effects discussed in the model on live weight was statistically significant.

The least square means for live weight were 91.04 kg and 84.67 kg for the Esme and Pirlak breeds,
respectively. On the other hand, the significant statistical difference in live weight between breeds is remarkable.
The phenotypic correlation coefficients between body and head measures and live weights were found to be
positive and very significant (P<0.001) (Table 3).

Considering the correlation coefficients between body measurements and live weight in the study, it
can be concluded that the values obtained for other characteristics, except ear length, are moderately high. In
the present study, the remarkably high level of correlation coefficient obtained between live weight and chest
girth is noteworthy.

DiSCUSSION and CONCLUSION

The reproductive efficiency of rams can be correlated with their weight during the mating period. It is
important for the ram to have sufficient weight for successful mating. If the ram's weight is low, it may lead to a
decrease in the fertilization rate and pregnancy rate of the females (Haslin et al., 2022; Pellicer-Rubio et al.,
2023). In terms of body weight, which is an important factor in the selection of male animals, Esme rams
performed higher than Pirlak rams. The study also revealed that the Esme breed outperformed the Pirlak breed
in terms of live weight and body measurements.

It is expected to observe differences between these two breeds in terms of physical characteristics. Given
that breeds can significantly affect body and head measurements, the results obtained in this study are
consistent with our expectations. Similar findings have been reported in studies examining the relationship
between breed and sex (Canatan et al., 2014; Yilmaz et al., 2016; Akay et al., 2018; Sabbioni et al., 2020; Whannou
etal., 2021; Tirink et al., 2022; Cakmakgi, 2022; Kutan and Keskin, 2022). It is possible to discuss uniformity within
each breed, especially concerning the animals' body measurements. This indicates that herd uniformity is largely
ensured in the studied breeds, and it is evident that the selection process has been successful.
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Table 2. Least square means and standard errors regarding body measurements and live weights during the mating period in Esme and Pirlak sheep breeds

Table 2. Esme ve Pirlak koyun irklarinda ¢iftlesme dénemindeki viicut éigiileri ve canli adirliklara iliskin en kiigiik kareler ortalamalari ve standart hatalari

Factors N FW HL EL cw RH WH BH CcD CG BL Lw

(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (kg)
Breed P=0.000 P=0.059 P=0.000 P=0.000 P=0.011 P=0.004 P=0.129 P=0.000 P=0.000 P=0.051 P=0.000
Esme 311 11.26+0.104 16.42+0.200 15.75+0.233 20.871£0.268 77.8510.443 79.75+0.434 77.74+0.430 31.25+0.244 98.57+0.643 63.17+0.628 91.04+1.160
Pirlak 301 10.77+0.092 16.20+0.177 14.70+0.207 21.72+0.238 78.50+0.392 79.01+0.384 77.36+0.380 32.82+0.216 101.35+0.569 63.88+0.556 84.67+1.125
Sex P=0.000 P=0.000 P=0.012 P=0.000 P=0.000 P=0.000 P=0.000 P=0.010 P=0.000 P=0.000 P=0.000
Male 19 12.074£0.186 17.35£0.357 15.76+0.416 19.57+0.479 80.09+0.791 82.38+0.774 80.48+0.766 31.46+0.435 94.94+1.146 67.85+1.120 105.63+2.098
Female 593 9.96+0.029 15.27+0.056 14.69+0.065 23.02+0.075 76.27+0.123 76.38+0.121 74.63+0.120 32.61+0.068 104.98+0.179 59.20+0.175 70.08+0.391
Age P=0.007 P=0.026 P=0.000 P=0.981 P=0.007 P=0.039 P=0.014 P=0.008 P=0.457 P=0.037 P=0.010
2 120 11.104+0.101 16.50+0.193 15.55+0.225 21.19+0.259 78.38+0.428 79.50+0.419 77.63+0.414 31.58+0.235 100.00+0.620 63.75+0.605 86.43+1.215
3 110 11.11+0.104 16.57+0.200 15.57+0.234 21.231+0.269 78.90+0.444 80.07+0.435 78.24+0.430 31.91+0.244 100.00+0.644 64.31+0.629 85.87+1.285
4 139 10.91+0.110 16.14+0.211 15.17+0.247 21.34+0.284 77.7610.469 78.89+0.459 76.90+0.454 31.89+0.258 99.64+0.679 62.93+0.663 89.84+1.288
5 102 11.10+0.113 16.32+0.216 15.52+0.253 21.35+0.290 77.84+0.480 79.21+0.470 77.50+0.465 32.17+0.264 99.30+0.695 63.23+0.679 87.85+1.372
6 44 10.774£0.138 15.93+0.264 14.47+0.308 21.34+0.354 77.54+0.585 79.10+0.573 77.36+0.567 32.38+0.322 100.57+0.848 62.75+0.829 89.46+1.713
7 97 11.104£0.114 16.38+£0.219 15.08+0.256 21.32+0.294 78.63+0.486 79.51+0.475 77.70+0.471 32.28+0.267 100.25+0.704 64.18+0.687 87.66+1.396
Reg.
Linear P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000 P=0.000
LW 0.025+0.003 0.05+0.006 0.033+0.007 0.181+0.008 0.191+0.013 0.175+0.012 0.181+0.012 0.153+0.007 0.517+0.018 0.198+0.018
General 612 11.02+0.094 16.31+0.180 15.22+0.210 21.29+0.241 78.18+0.398 79.38+0.390 77.55+0.386 32.04+0.219 99.96+0.577 63.52+0.564 87.85+1.074

FW: forehead width, HL: head lenght, EL: ear lenght, CW: chest width, RH: rump height, WH: withers height, BH: back height, CD: chest depth, CG: chest girth, BL: body lenght, LW: live weight
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Table 3. Pearson phenotypic correlation coefficients between mating period live weight and body measurements in Esme and Pirlak breed

sheep

Table 3. Esme ve Pirlak irki koyunlarda giftlesme dénemi canli agirligi ve viicut élgiileri arasindaki Pearson fenotipik korelasyon katsayilari

Lw FW HL EL cw RH WH BH co cc
FW 0.570""
HL 0.509™" 0.573™"
EL 0.350""" 0.474™ 0.427°
cw 0.663""" 0.278™ 0.278™ 0.058"
RH 0.636™" 0.498™" 0.498™" 0.365™ 0.387"""
WH 0.665™"" 0.563"" 0.530"" 0.383™ 0.374™ 0.875™"
BH 0.671""" 0.551""" 0.510™" 0.400™ 0.390™" 0.910™ 0.939™
CcD 0.622"" 0.237" 0.280™" 0.027" 0.572"" 0.472" 0.457" 0.472™
cc 0.714™ 0.354™ 0.374™ 0.128" 0.721°™ 0.461°"" 0.421™ 0.439™ 0.652"""
BL 0.568™"" 0.454"" 0.522"" 0.196™ 0.315™" 0.542"" 0.569™ 0.558"™" 0.427° 0.405™

FW: forehead width, HL: head lenght, EL: ear lenght, CW: chest width, RH: rump height, WH: withers height, BH: back height, CD: chest depth, CC: chest
circumference, BL: body lenght, LW: live weight, ***:P<0.001, **:P<0.01, *: P<0.05, ns:non-significant

In contrast to previous studies (Yilmaz et al., 2013; Faraz et al., 2021) on the subject, obtained findings
suggest that body measurements change with age. The statistical distinction in terms of live weights can be
accepted as an important indicator of breed differences in the present study. When these values are examined,
it indicates that the Esme breed outperforms the Pirlak breed in terms of live weight. Previous studies have also
shown that factors such as farms, breed, age, and sex have a significant effect on live weight (Yilmaz et al., 2013;
Canatan et al., 2014; Saracoglu et al., 2016; Yilmaz et al., 2016; Akay et al., 2018; Silva Souza et al., 2019; Tirink
et al., 2022; Cakmakgi, 2022; Kutan and Keskin, 2022; Salimovich et al., 2022). In this context, it can be said that
the breed differences revealed in the presented study are an expected finding.

It can be concluded that the high level of positive phenotypic correlation coefficients obtained between
body weight and body measurements in the study is consistent with the existing literature (Yilmaz et al., 2013;
Yilmaz et al., 2016; Salazar-Cuytun et al., 2020). A high level of phenotypic correlation coefficients between chest
girth and body weight has been reported in almost all studies (Yilmaz et al., 2013; Yilmaz et al., 2016; Tirink et
al., 2022; Cakmakgl, 2022; Kutan and Keskin, 2022; Salimovich et al., 2022). In the present study, the highest
phenotypic correlation coefficients were found between body weight and chest girth, which is consistent with
previous literature (Yilmaz et al., 2013; Salazar-Cuytun et al., 2020; Salimovich et al., 2022).

In conclusion, long-term breeding programs targeting growth and development characteristics are carried
out in both of the studied breeds. In this context, the findings on the variation and systematic environmental
factors affecting body measurements and body weights during the mating period in the sheep breeds examined
are important. These findings provide valuable information about enhancing growth and development
characteristics, which are the primary objectives of the Usak Esme Sheep Breeding and "Usak Pirlak Sheep
Breeding" programs. In this study, the results show high phenotypic correlation coefficients between certain
body measurements, such as chest girth and live weight. These findings reveal the potential of using certain body
measurements, particularly traits that show high phenotypic correlation coefficients with body weight, like chest
girth, as selection criteria in breeding programs conducted under breeder conditions. In the study, the
observation that the Esme breed exhibited higher values than the Prilak breed in terms of live weight and certain
body measurements suggests that this breed holds significant potential for meat production in the region.

On the other hand, the study revealed that traits with high phenotypic correlation coefficients between
live weight and body measurements can be used in regression models to estimate live weight. It is noteworthy
that chest circumference is the most suitable parameter for estimating body weight in these breeds, especially
among the body measurements examined. By utilizing the information gathered from this study in the future, it
will be feasible to create body weight estimation models with high accuracy that are suitable for various regions
and breeds.

16



Investigation of Morphological Variations in Esme and Pirlak Sheep

Acknowledgements: We would like to thank our General Directorate of Agricultural Research and Policies
for providing us with the necessary animal material. As well as, we would also like to thank our breeders who
participated in the Esme Sheep Breeding and Pirlak Sheep Breeding projects.

Data availability: Data will be made available upon reasonable request.

Author contributions*: conception and design of the study: OK, NA, KC, iC, OY; sample collection: NA, KC;
analysis and interpretation of data: OK, iC, OY; statistical analysis: OY; visualization: OK, NA, KC; writing
manuscript: OK, iC, OY, NA

Competing interests.: There is no conflict of interest between the authors in this study

Ethical statement: All researchers declared it that "all animal procedures were conducted in accordance
with EU Directive for animal experiments (European Union, 2010), ARRIVE guidelines (Kilkenny et al., 2010) and
national regulation on the protection of experimental animals used for experimental "

Financial support.: This study was financially supported by Adnan Menderes University Scientific Research
Projects Coordination (BAP, Project No; ZRF-14027). The authors thank the financial support.

Article description: This article was edited by Editor Cagri KANDEMIR.
REFERENCES

Abebe AS, Alemayehu K, Johansson AM, Gizaw S. 2020. Breeding practices and trait preferences of smallholder
farmers for indigenous sheep in the northwest highlands of Ethiopia: Inputs to design a breeding program.
PloS One 15(5):e0233040.

Akay N, Canatan T, Yilmaz O. 2018. Live weight estimation based on linear body measurements of South Karaman
sheep breeds. International Agricultural Science Congress, 09-12 May 2018, Van Yizlnci Yil University,
Van, s.146.

Akbay C, Boz I. 2005. Turkey’s livestock sector: Production, consumption and policies. Livestock Research for
Rural Development 17(9):1-11.

Alarslan E, Ata N, Yilmaz O, Oner Y, Kaptan C, Savas T, Yilmaz A. 2021. Genetic identification and characterisation
of some Turkish sheep. Small Ruminant Research 202:106455.

Alshamiry FA, Alharthi AS, Al-Baadani HH, Aljumaah RS, Alhidary IA. 2023. Growth rates, carcass traits, meat yield,
and fatty acid composition in growing lambs under different feeding regimes. Life, 13(2):409-421.

Anonymous 2011. Regulation on the welfare and protection of animals used for experimental and other scientific
purposes. Legal Gazette (T.C. Resmi Gazete): 28141.

Bates H, Pottie D, Taylor D, Benter A. 2023. Automatic multi-weigh-station for assessing sheep liveweight in small
flocks. Computers and Electronics in Agriculture 205:107631.

Bozkurt Z, Hacan OG, Kocak S, Celikeloglu K, Tekerli M, Erdogan M. 2023. Impact of farm-scale on animal
management practices in Pirlak sheep enterprises. Kocatepe Veteriner Dergisi 16(1):57-69.

Canatan T, Kan M, Kirbas M, Akay N, Yilmaz O. 2014. Adult live weight estimates of Hasmer and Hasak sheep with
their some body measurements. Balkan Agriculture Congress, 08-10 September 2014, Trakya University,
Edirne, s.338.

Canul-Solis JR, Portillo-Salgado R, Garcia-Herrera RA, Castillo-Gallegos E, Castillo-Sanchez LE, Camacho-Perez E,
Chaves-Gurgel AL, Marques-Costa C, Bezerra-Fernandes P, Chay-Canul AJ. 2023. Comparison of
mathematical models to estimate live weight from heart girth in growing Pelibuey sheep. Revista
Colombiana de Ciencias Pecuarias 36(2):89-97.

Cedden F, Cemal I, Daskiran |, Esenbuga N, Gul S, Kandemir C, Karaca O, Kaymakg¢i M, Keskin M, Koluman N,
Kosum N, Koyuncu M, Kéycii E, Ozder M, Savas T, Taskin T, Téli C, Ulutas Z, Yilmaz O, Yurtman, Yi. 2020.
Tirkiye kiglikbas hayvanciliginda mevcut durum ve gelecek. Tirkiye Ziraat Mihendisligi IX. Teknik
Kongresi, 13-17 January 2020, Ankara, s.133-152.

11



Yilmaz et al.

Cakmakei C. 2022. Live weight prediction in Norduz sheep using machine learning algorithms. Turkish Journal of
Agriculture - Food Science and Technology 10(4):587-594.

Demirhan SA, Sahinler N. 2022. The importance of some animal products for nutrition and health. Turkish Journal
of Agriculture - Food Science and Technology 10(sp1):2696-2700.

European Union (2010). European Union Directive 2010/63/EU of the European parliament and of the council of
22 September 2010 on the protection of animals used for scientific purposes. Official Journal of the
European Union Legislation, 276:33-79.

Faraz A, Tirink C, Eyduran E, Waheed A, Taugir NA, Nabeel MS, Tarig MM. 2021. Prediction of live body weight
based on body measurements in Thalli sheep under tropical conditions of Pakistan using CART and MARS.
Tropical Animal Health and Production 53:1-12.

Farvid MS, Sidahmed E, Spence ND, Mante Angua K, Rosner BA, Barnett JB. 2021. Consumption of red meat and
processed meat and cancer incidence: a systematic review and meta-analysis of prospective studies.
European Journal of Epidemiology 36:937-951.

Haslin E, Corner-Thomas RA, Kenyon PR, Pettigrew EJ, Hickson RE, Morris ST, Blair HT. 2022. Effects of heavier
live weight of ewe lambs at mating on fertility, lambing percentage, subsequent live weight and the
performance of their progeny. New Zealand Journal of Agricultural Research 65(2-3):114-128.

He C, Qiao Y, Mao R, Li M, Wang, M. 2023. Enhanced LiteHRNet based sheep weight estimation using RGB-D
images. Computers and Electronics in Agriculture 206:107667.

Huma ZE, Igbal F. 2019. Predicting the body weight of Balochi sheep using a machine learning approach. Turkish
Journal of Veterinary and Animal Sciences 43(4):500-506.

Kausar T, Hanan E, Ayob O, Praween B, Azad Z. 2019. A review on functional ingredients in red meat products.
Bioinformation 15(5):358-362.

Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG. 2010. Improving bioscience research reporting: the
ARRIVE guidelines for reporting animal research. Journal of Pharmacology and Pharmacotherapeutics
1(2):94-99.

Kutan P, Keskin M. 2022. Lamb development traits and phenotypic correlations between different body
measurements and fattening performance characteristics in Awassi sheep. Mustafa Kemal Universitesi
Tarim Bilimleri Dergisi 27(1):109-114.

Pellicer-Rubio MT, Laignel G, Thomas Y, Prache S, Benoit M, Tournadre H. 2023. Reproductive performance in
two organic sheep farming systems differing by the number of mating sessions in and out of the breeding
season. Theriogenology 195:238-248.

Pereira PMDC, Vicente AFDRB. 2013. Meat nutritional composition and nutritive role in the human diet. Meat
Science 93(3):586-592.

Posbergh CJ, Huson HJ. 2021. All sheeps and sizes: a genetic investigation of mature body size across sheep
breeds reveals a polygenic nature. Animal Genetics 52(1):99-107.

Sabbioni A, Beretti V, Superchi P, Ablondi M. 2020. Body weight estimation from body measures in Cornigliese
sheep breed. Italian Journal of Animal Science 19(1):25-30.

Salazar-Cuytun ER, Sarmiento-Franco LA, Aguilar-Caballero AJ, Fonseca MA, Tedeschi LO. 2020. Body mass index
and body chemical components in Pelibuey ewes. Ecosistemas y Recursos Agropecuarios 7(2):e2515.

Salimovich MB, Vafoevna AM. 2022. The Relationship of body length and width of Karakul lambs. Texas Journal
of Agriculture and Biological Sciences 9:41-42.

Saracoglu T, Yilmaz O, Ata N. 2016. Comparison of digital and manuel measurements of some body dimensions
in Karya sheep. Journal of Agricultural Faculty of Bursa Uludag University 30:269-273.

SAS 1999. The SAS System. Version 8. Copyright (c) 1999 by SAS Institute Inc., Cary, NC, USA.

18



Investigation of Morphological Variations in Esme and Pirlak Sheep

Silva Souza JD, do Santos Difante G, Neto JVE, Lana AMQ, da Silva Roberto FF, Ribeiro PHC. 2019. Biometric
measurements of Santa Inés meat sheep reared on Brachiaria brizantha pastures in Northeast Brazil. PloS
One 14(7):e0219343.

Tahtali Y. 2019. Use of factor scores in multiple regression analysis for estimation of body weight by certain body
measurements in Romanov lambs. The Journal of Life and Environment 7:e7434.

Teixeira A, Silva S, Guedes C, Rodrigues S. 2020. Sheep and goat meat processed products quality: A review.
Foods 9(7):960-981.

Tirink C, Tosun R, Saftan M, Kaya E, Atalay Al. 2022. Prediction of birth weight from body measurements with the
CART algorithm in Morkaraman lambs. Large Animal Review 28(4):187-192.

Tunio SA, Naeem M, Behan AA, Kaka A. 2023. Effect of different management systems on growth and carcass
traits of post weaned male Kachhi lambs. Journal of Animal Health and Production 11(1):14-19.

Whannou HRV, Afatondji CU, Ahozonlin MC, Spanoghe M, Lanterbecq D, Demblon D, Houinato MRB, Dossa, LH.
2021. Morphological variability within the indigenous sheep population of Benin. PloS One
16(10):e0258761.

Wishart H, Morgan-Davies C, Stott A, Wilson R, Waterhouse T. 2017. Live weight loss associated with handling
and weighing of grazing sheep. Small Ruminant Research 153: 163-170.

Ye Y, Eyres GT, Reis MG, Schreur, NM, Silcock P, Agnew MP, Johnson PL, Maclean P, Realini CE. 2020. Fatty acid
composition and volatile profile of m. longissimus thoracis from commercial lambs reared in different
forage systems. Foods 9(12):1885.

Yilmaz O, Kizilaslan M, Arzik Y, Behrem S, Ata N, Karaca O, Elmaci C, Cemal I. 2022. Genome-wide association
studies of preweaning growth and in vivo carcass composition traits in Esme sheep. Journal of Animal
Breeding and Genetics 139(1):26-39.

Yilmaz O, Cemal I, Karaca O. 2013. Estimation of mature live weight using some body measurements in Karya
sheep. Tropical Animal Health and Production 45(2):397-403.

Yilmaz O, Ocak S, Ogun S. 2016. Ultrasonic carcass assessment of Dorper and Dorper x Merino lambs using MLD
and body measurements. Turkish Journal of Agriculture - Food Science and Technology 4(5):395-400.

19



OURNAI. OF ANIMAL PRODUCTION

Hayvansal Uretim

ISSN 1301-9597 Published by Ege Animal Science Association
e-ISSN 2645-9043 www.journalofanimalproduction.com
Research Article
Received: 21.03.2024 Accepled: 10.06.2024 Final Version: 20.06.2024
Hacer TUFEK(I** ©, Hilal TOZLU CELIK* © , Basak OZTEN®
! Yozgat Bozok University, Faculty of Agriculture, Animal Science Department, Yozgat, 66100, Tiirkiye
2 Ordu University, Ulubey Vocational School, Department of Food Processing, Ordu, 52000, Tiirkiye
%Yozgat Bozok University, Graduate Education Institute, Yozgat, 66100, Tiirkiye
Fertility and Lamb Growth Characteristics in Akkaraman Sheep: The Case of (orum
ABSTRACT

Objective: This study aimed to determine the reproductive efficiency and lamb growth characteristics of Akkaraman sheep in Corum province under breeder
conditions.

Material and Methods: The animal material of the study consisted of 2214 Akkaraman sheep and 2508 Akkaraman lambs from three different farms located
in the center of Corum province. The study was conducted between 2019 and 2022. In the study, the reproductive characteristics of Akkaraman sheep and
birth, weaning weights, and survival of lambs were determined.

Results: By the time they were 75 days old, the average weight of the lambs was 19.58 kg, compared to 4.15 kg at birth. Weaning and birth weights varied by
sex, year, farm, and kind of birth (P<0.001). There were 94.1% of lambing rate, 79.5% of single birth rate, and 20.5% of twinning birth rate, respectively. The
litter size at birth was 1.20, the female lamb ratio was 52.1%, and the male lamb ratio was 47.9%. The survival rate of lambs on the 75th-day varied according
to sex, type of birth, years, and farms, and the average survival rate of lambs was 94%.

Conclusion: In summary, the results obtained concerning the growth characteristics and reproductive efficiency of Akkaraman sheep in the province of Corum
are consistent with those documented in the literature.

Keywords: Akkaraman sheep, growth characteristics, fertility, survivability

Akkaraman Koyununda Dol Verimi ve Kuzu Bilyiime Ozellikleri: (orum Ornegi
0z
Amag: Bu ¢alisma, Corum ilindeki Akkaraman koyunlarinin yetistirici kosullarinda dél verimi ve kuzu biyiime 6zelliklerinin belirlenmesini amaglamistir.

Materyal ve Methot: Calismanin hayvan materyalini Corum ili merkezinde bulunan g farkli isletmeye ait 2214 bas Akkaraman koyunu ve 2508 bas Akkaraman
kuzusu olusturmustur. Calisma 2019-2022 yillar arasinda gergeklestirilmistir. Calismada Akkaraman koyunlarinda dél verimi 6zellikleri ile kuzularda dogum,
sutten kesim canh agirliklari ve yasama giict belirlenmistir.

Bulgular: Dogumda 4,15 kg olan kuzularin ortalama agirligi, 75 glinltk olduklarinda 19,58 kg olarak belirlenmistir. Stitten kesim ve dogum agirliklar cinsiyet,
yil, isletme ve dogum tipine gore farklilik gostermistir (P<0.001). Kuzulama orani %94,1, tek dogum orani %79,5 ve ikiz dogum orani %20,5 olarak bulunmustur.
Dogumda yavru sayisi 1,20, disi kuzu orani %52,1, erkek kuzu orani ise %47,9 olarak bulunmustur. Kuzularin 75. ginde yagsama glcti cinsiyete, dogum tipine,
yillara ve isletmeye gore degisiklik gosterirken, kuzularin ortalama yasama glicii orani %94 olarak bulunmustur.

Sonug: Ozetle, Corum ilindeki Akkaraman koyunlarinin biiyiime 6zellikleri ve dél verimlerine iliskin elde edilen sonuglar literatiirde yer alan sonuglarla tutarhdir.

Anahtar Kelimeler: Akkaraman koyunu, biylime 6zellikleri, d6l verimi, yasama giici

J. Anim. Prod., 2024, 65 (1) : 20-28

How to cite:

Tiifekei H, Tozlu Celik H, Ozten B. 2024 Fertility and Lamb Growth Characteristics in Akkaraman Sheep: The Case of Corum.
Journal of Animal Production, Vol: 65 (1): 20-28, htps://doi.org/10.29185/hayuretim.1456225

BY N ND

* Correspondence: hacer.tuiekci@hozok.edu.ir
ULAKBiM Open Access Journal Systems ©

doi: 10.29185/hayuretim.1456225


http://www.journalofanimalproduction.com/
https://doi.org/10.29185/hayuretim.1456225
https://doi.org/10.29185/hayuretim.1456225
mailto:hacer.tufekci@bozok.edu.tr
https://orcid.org/0000-0003-2272-4088
https://orcid.org/0000-0002-9744-7719
https://orcid.org/0009-0001-0396-2278

Tufekci et al.

INTRODUCTION

Sheep breeding is important in the world in terms of food production, livelihood, rural development and
rural sociology, and utilization of poor pasture and fallow areas (Sakar, 2024). Sheep breeding has an important
place in the world and in Tirkiye since sheep meet most of their nutritional needs from pasture, have good
adaptability and low cost (Bas-Ekici et al., 2024). Turkey is one of the largest sheep producers in the world, and
its sheep production system is heavily dependent on domestic breeds (Aydin et al., 2024). With the biggest
population of indigenous sheep, the fat-tailed Akkaraman breed of sheep is found throughout Central Anatolia
(Kizilaslan et al., 2024a). The traits of the Akkaraman breed include its resistance to diseases and parasites, its
capacity to survive and procreate in unfavorable environments, and its ability to feed on insufficient nutrients
(Ozmen et al., 2020; Kizilaslan et al., 2022a; Arzik et al., 2023).

The reproductive traits of sheep and the number of lambs obtained have a direct impact on the
profitability and productivity of farms (Kizilaslan et al., 2024b). A lot of characteristics that affect sheep farming's
potential to be sustainable economically have complicated and quantitative backgrounds (Vatankhah et al., 2008;
Kizilaslan et al., 2022b). There are various approaches to defining the productivity life of animals in sheep
breeding. Studies have shown that the average and total number of weaned lambs, as well as the total weight of
weaned lambs per sheep, are important parameters of productivity and the main source of income in sheep
farming (Duguma et al., 2002; Ekiz et al., 2005; Vatankhah, 2016; Jafaroghli et al., 2019). Due to their economic
worth, which includes their ability to efficiently transform low-quality feed into high-quality meat, milk, and wool,
small ruminant production has expanded by roughly one-third globally over the past ten years. Sheep farms have
also experienced a period of growth worldwide (Kuba et al., 2015; FAO, 2023). Sheep are preferred in terms of
being more abstinent, more resistant to adverse environmental conditions, able to meet their nutritional needs
from nutrients with low cost and quality and can be raised in lower cost farms compared to other species that
are cultivated for economic purposes (Késeman et al., 2022). The number of sheep in Tlrkiye increased from
23,089,691 heads in 2010 to 44,678,888 heads in 2022 (TUIK, 2024). Many studies have been carried out within
the scope of domestic sheep breeding projects in Tirkiye (Ograk, 2020; Cetin et al., 2021; Kutlu et al., 2022; Unal
et al., 2022; Aksoy et al., 2023; Noyan and Ceyhan, 2023; Sirin, 2023; Unal and Dellal, 2023). It can be said that
these studies have contributed to the development of the breed, an increase in yield and number, as well as
many positive results in sheep breeding in Tirkiye. In Corum province, where the Akkaraman breed is widely
practiced, the sheep population was 110.843 heads in 2010 and increased to 228.672 heads in 2022 (TUIK, 2024).
Corum province is located in the Black Sea region, ranks 3rd in the Black Sea region (2.261.719 sheep) in terms
of sheep existence (226.890 sheep), and has 10.3% of the sheep existence in the region (Kandemir and Taskin,
2022). According to these figures, Corum province has a large sheep breeding industry. Sheep raising is one of
the animal breeding industries in rural areas that provides income. It is crucial to do research for the
enhancement and sustainability of sheep breeding in the province of Corum. This study was carried out to
determine the reproductive efficiency of Akkaraman sheep breed and some growth characteristics of lambs
under breeder conditions in Corum province.

MATERIAL and METHODS
Animal Material

The data of a total of 2214 Akkaraman sheep and 2508 Akkaraman lambs between 2019-2022 were
evaluated in three different farms in Corum province. Farms with similar care and feeding conditions were
selected for the study. The data of lambs born to sheep of similar age (2-4 years) and live weight (average 45-50
kg) were evaluated. Each farm in the study has an average of 170-200 sheep.

Study Area

Located in the interior of the Central Black Sea region, Corum is situated between 34 degrees 5 minutes east
longitude and 39 degrees 54 minutes north latitude. It is surrounded by Amasya in the east, Yozgat in the south,
Cankiri in the west, Sinop in the north, Samsun in the northeast, and Kirikkale in the southwest. Its surface area
is 12820 km2 and its height above sea level is 801 meters. Corum is located on the transition from the Black Sea
climate to the Central Anatolian climate. In general, summers are hot and dry, and winters are cold and rainy.
The hottest months in Corum, which has a short spring and a long autumn, are July—August, and the coldest
months are January—February. The climate becomes harsher from north to south (Anonymous, 2024).
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Method

The research was conducted in 2019-2020-2021-2022 and all animals suitable for the study in the farms
were included in the study. No intervention was made to the care and feeding conditions in the farms. In the
farms, sheep were generally fed in the barn in winter and in the pasture in early spring and autumn. In pasture
feeding, animals go out to pasture between March and April and are kept in pasture until November. Pastures
are generally of poor or medium quality. During the summer period, hay and wheat straw were stored at an
appropriate cost and amount for pen feeding during the winter and barley and concentrate feed were used as
feed materials in addition to roughage. The amount of feed was roughly determined and distributed to the
feeders and the mixing process was carried out in the feeders. In general, wheat straw (500—-1000 kg), barley
crumbs (300-400 g), and concentrate feed (200-300 g) were fed. Rams were given an additional feeding (750—
850 g of concentrate feed containing 2700 kcal/kg metabolic energy and 16% crude protein) before ram siring,
while sheep were grazed only on pasture. Ram mating was carried out between September 15 and October 15
by the free mating method. Lambing took place between February and March. The birth weights, date of birth,
birth type, and sex of the lambs were recorded within the first 24 hours.

Lambs were left with their mothers for 2-3 days after birth. Then they were separated from their mothers
and suckled 3 times a day in the first month, 2 times a day in the second month and 1 time a day in the third
month. The lambs were given dry grass and approximately 150-200 g of concentrate feed per lamb from the
second week onwards. Lambs were grazed on pasture during the weaning period when they were separated
from their mothers, after weaning (75th-day) lambs were grazed on pasture and no additional feeding was given.
The animal materials used in the study were vaccinated against internal and external parasites as well as foot
and mouth, smallpox, enterotoxaemia and brucella vaccines.

During the study, number of sheep giving twin births, number of lambs born female, number of lambs
born male, total number of lambs born, lambing rate, single birth rate, twinning birth rate, and litter size at birth
were recorded to determine the reproductive characteristics of sheep. In addition, birth and weaning weight
data were taken to determine the growth characteristics of lambs. Data on reproductive traits were calculated
according to the methods reported by Kaymakgi (2006). The live weights of lambs at birth and weaning were
determined by weighing them with a precision scale of to 50 g.

Data Analyses

In the evaluation of the data, the Kolmogorov-Smirnov test was applied for the normality test and it was
determined that the traits were compatible with a normal distribution (P>0.05). According to the results of
Levene's test, the variances were homogeneous (P>0.05). Year of birth, type of birth, sex, and farm were included
in the model as effective factors on live weight, and the Duncan multiple comparison test was applied in groups
with more than two differences (SPSS, 2016). The effects of the factors on the growth performance of lambs
were calculated using the following mathematical model.

Yijkl=pu+ai+ bj+ che+ dbr eljkel
Yy Live weight of lamb

u: Expected mean

ar: Impact of farm

by/: Effect of birth year

ck: Effect of birth type

d/: Effect of sex

ejkl: Error

RESULTS and DISCUSSION

Data on the fertility of Akkaraman sheep are given in Table 1. According to the data obtained from 2019
to 2022, it is seen that the number of sheep breed, number of sheep lambing, the number of lambs born female,
the number of lambs born male, and the total number of lambs born are similar. The lambing and twinning birth
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rate have increased in recent years. The average lambing in 2019-2022 was 94.0%, with single birth rate of 79.5%,
twinning birth rate of 20.5%, litter size of 1.20, a female lamb birth rate of 52.1%, and a male lamb birth rate of
47.9%. It was observed that the parameters analyzed in the study were similar in terms of years. Ak¢apinar et al.
(2000) aimed to develop mother and father lines suitable for lamb production by using different breeds in their
study. As a result of the study, it was reported that the birth rate, which is important in terms of fertility, was
found to be 93.63%, 86.32% and 80.77% in Akkaraman sheep crossed with Akkaraman, Sakiz and Kivircik rams
according to the average of the first and second years, respectively. The (Akkaraman x Akkaraman) birth rate
data obtained in this study are similar to the results of our study. In a study conducted in Yozgat province, the
lambing rate of Akkaraman sheep was 95.8%, the twin birth rate was 21.8%, and litter size was 1.22 (Tufekci,
2023). In a study conducted on Akkaraman sheep in Tokat province, the lambing rate was reported at 85%, and
litter size at birth was 1.05 (Sirin, 2023). In Akkaraman sheep reared in Galdiran, Van, birth, single birth, twin
birth, and litter size were determined as 89.88%, 96.25%, 3.75%, and 1.03, respectively (Tirkmen and Cak, 2021).
In the study conducted in Sivas province, the average birth rate of Akkaraman sheep was 92.7%; the differences
between years were statistically significant, and the differences between districts were found to be insignificant.
While the average twin birth rate in Sivas province was 22%, the differences between years, districts, and mating
season (five months between August and December) were significant, and litter size was 1.22. It was also
reported that while the general average of weaned lamb rate or weaning period survival rate, which is one of
the measures of reproductive efficiency, was 91.3%, the differences between years, districts, and lamb birth time
(five months between January and May) were statistically significant (Ograk, 2020). The findings of this study
were similar to those reported by Tufekci (2023) and Ograk (2020), but different from those reported by Sirin
(2023) and Tirkmen and Cak (2021). Aktas et al. (2015) stated in their study that better reproductive
performance and higher profitability can be achieved by increasing the prepartum weight of sheep through
improved feeding strategies, and emphasized the importance of this situation especially for sheep raised under
poor nutritional conditions and sheep that will give birth for the first time.

Table 1. Fertility characteristics of Akkaraman sheep

Cizelge 1. Akkaraman Koyunlarinda d6l verim ézellikleri

2019 2020 2021 2022 Overall

Number of sheep bred 585 524 551 554 2214
Number of sheep lambing 548 492 519 523 2082
Number of single-born sheep 433 395 424 404 1656
Number of twin-born sheep 115 97 95 119 426

Number of lambs born female 353 311 314 329 1307
Number of lambs born male 310 278 300 313 1201
Total number of lambs born 663 589 614 642 2508
Lambing rate % 93.7 93.9 94.2 94.4 94.0
Single birth rate % 79.1 80.3 81.7 77.3 79.5
Twinning lamb rate % 20.9 19.7 18.3 22.7 20.5
Litter size 1.21 1.20 1.18 1.23 1.20
Female lamb birth rate % 53.2 52.8 51.1 51.2 52.1
Male lamb birth rate % 46.8 47.2 48.9 48.8 47.9

In the study, the effects of farm, year, type of birth and sex on birth and weaning live weight were analyzed
and the results are given in Table 2. It was determined that the birth weight and weaning weight (75 th-day
weight) of lambs differed significantly between farms (P<0.001). The birth and weaning weight (3.83 kg, 19.03
kg) of lambs in the first farm were lower than the second (4.30 kg, 19.70 kg) and third (4.32 kg, 20.02 kg) farms.
Lamb birth and weaning weight were significantly different between years only for lambs born in 2020 compared
to other years (P<0.001). The effect of birth type and sex on birth and weaning weight was significant (P<0.001).
Birth and weaning weight of females were lower than male lambs. The birth and weaning weight of singletons
were higher than twins (Figure 1).
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Table 2. The effect of farm, year, type of birth, and sex on birth and weaning weight in Akkaraman sheep

Cizelge 2. Akkaraman koyunlarinda isletme, yil, dogum tipi, cinsiyetin dogum ve siitten kesim agirhgina etkisi

Birth weight (kg) Weaning weight (kg)
Factors n %+ SX n %+ SX
Overall 2508 4.15+0.045 2362 19.58+0.10
Farm
1 993 3.83+0.07° 948 19.03+0.032
2 791 4.30£0.72° 742 19.70+0.12°
3 724 4.32+0.56° 672 20.02+0.21°
p <0.001 <0.001
Year
2019 660 4.21+0.26° 627 20.11+0.17°
2020 597 4.03+0.47° 559 19.13+0.09°
2021 624 4.14+0.08? 587 19.44+0.16°
2022 627 4.23+0.01° 589 19.73+0.02°
p <0.001 <0.001
Birth type
Single 1656 4.28+0.81 1614 20.0810.14
Twin 852 3.61+0.89 748 18.71+0.32
p <0.001 <0.001
Sex
Female 1307 3.87+0.38 1224 19.51+0.18
Male 1201 4.37+0.64 1138 20.25+0.32
p <0.001 <0.001

a,b: Values in the same column with different letters indicate statistical differences.

When Figure 2 is analyzed, it is seen that the average survival rate of lambs is 94%, male lambs have a
higher survival rate than female lambs, and singletons have a higher survival rate than twins on the 75th-day. It
is seen that the survival power of lambs born in the third farm is lower than that of the other farms. When the
years are analyzed, it is seen that the 75th-day survival of lambs born in 2020 is lower than the other years. This
situation may be due to the deficiencies in care and feeding due to the COVID-19 pandemic in 2020.

In the study, it was determined that lamb mortality was generally caused by inadequate care-feeding at
birth and in the first week following birth and the adverse effects of a cold climate.

Lamb deaths caused by bacterial diarrhea towards the end of the neonatal period have also occurred,
although to a lesser extent. The environment has a significant effect on the survival of newborns. Lambs are very
sensitive to cold and a significant part of the mortality in the early postnatal period occurs due to this (Aydogdu,
2016). It is known that lambs with slightly lower birth weights may be at greater risk during this period. Low
temperatures, failures in colostrum intake and multiple births may result in unfavorable conditions, particularly
for low-birth-weight lambs (Das and Savas, 2002). It is reported that the risk of death due to hypothermia in
lambs with a low birth weight is approximately two times higher than in lambs with a high live weight (Nash et
al., 1996). The results of the study are consistent with the literature reports.
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Figure 1. Live weights of lambs at birth and weaning

Sekil 1. Kuzularin dogum ve siitten kesimdeki canli agirliklar
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In a study conducted in Yozgat province, the birth weight of Akkaraman lambs was 3.71 kg, the 60th-day
live weight was 15.54 kg, and survival was 97.6% (Tufekci, 2023). The birth weight (4.15 kg) and 75th day live
weight (19.58 kg) of Akkaraman lambs were higher than the values reported by Tufekci (2023), while the 75th-
day survival (94%) values of the same study were similar to the results of the study. In the study conducted in
Akkaraman sheep in Tokat province, the average birth weight of lambs was 4.14 kg, the average weaning weight
(90th day) was 30.85 kg, and the survival rate of lambs was 93%. The survival rate of lambs was determined to
be 93%. In the same study, it was reported that average birth and weaning weights differed according to year,
dam age, type of birth, and sex (P<0.01) (Sirin, 2023). The birth, 60th, and 90th day live weight values of
Akkaraman lambs raised in Caldiran, Van were 4.29, 14.44, and 19.69 kg, respectively. In the same study, the
60th and 90th-day survival values of Akkaraman lambs were reported as 96.38 and 95.92, respectively (Tlirkmen
and Gak, 2021). In a study conducted under semi-intensive conditions in Nigde province, the average birth and
90th day live weight of Akkaraman lambs were determined to be 4.07 kg and 24.18 kg, respectively. According
to reports, there were notable differences in the birth weights and 90-day live weights of lambs depending on
the year, age of the dam, flock, manner of birth, and sex (Noyan and Ceyhan, 2021). Similar results were found
for lamb birth weight and survival as reported by Sirin (2023). The differences between the literature reports and
study results may be due to feeding and breeding practices.

Akgapinar et al. (2000) reported the birth weight of Akkaraman lambs as 4.83 kg and found the effect of
sex and type of birth to be significant. The data obtained in the study were lower than the lamb birth weight
reported by Akcapinar et al. (2000). In the study conducted by Yagci et al. (2018) in Savak Akkaraman lambs
under breeder conditions, the average birth weight of 3.43 kg calculated from a total of 28374 records taken
under supervision in a 5-year period was found to be lower than the results of our study (4.15 kg). Kirdag (2019)
found that the difference in time-dependent changes in terms of barn and outdoor temperature in live weight
gain in Akkaraman female lambs was statistically significant (P<0.001). Firdolas (2022), in his study which aimed
to compile the studies in which survival and growth and development characteristics of Akkaraman and Lalahan
sheep were examined, reported that live weight and live weight gain are important criterion in almost every
period to follow the growth and development of farm animals. In addition, in their study, it was reported that
there was a wide variation in Akkaraman and Kivircik breeds due to reasons such as care and feeding and
individual differences when the growth and development characteristics of lambs and fertility, which is the most
important fertility parameter in sheep breeding, were considered.
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CONCLUSION

As a result of the study, it was determined that the twinning birth rate, offspring development, and
survival of Akkaraman sheep in Corum province were high. It was observed that lambing rate and twinning rate
increased in Akkaraman sheep according to years. In conclusion, the findings obtained in terms of reproductive
efficiency and growth characteristics of Akkaraman sheep in Corum province are similar to the literature reports.
The current climatic conditions and geographical structure of Corum province are suitable for sheep breeding.
However, more studies should be conducted on Akkaraman sheep in Corum for sustainable sheep breeding.
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Effects oi Melatonin Implants on Hormone Profile and Mating Behaviour in Rams
ABSTRACT

Obijective: This study investigated the effects of melatonin implants on the mating behaviours and hormone concentrations of melatonin (MEL), GnRH and
testosterone (TES) before the breeding season were investigated in Tahirova rams.

Materials and Methods: Six rams were used for hormone analysis. For the sexual behaviour test, six rams were mated with 69 ewes. The rams’ sexual
behaviour was tested for 10 minutes. Half of the rams and ewes were implanted with 18 mg melatonin, three pellets in rams and one pellet in females. MEL,
GnRH, and TES hormone analyses were performed by the ELISA method from the blood serum of the rams before implanting (Day 0) and 21, 42, 63, 94 and
129 days after implant. Results: Results showed that melatonin implantation significantly reduced MEL hormone concentration in Tahirova rams (P<0.05).
MEL concentration decreased to its lowest concentration on Day 63 in the treatment (T) group and differed significantly from the control (C) group (P<0.05).
While GnRH and TES hormone concentrations were similar between the groups, TES hormone concentrations in the C group differed according to the
observation days (P<0.05). Ano-genital sniffing, foreleg kicking, and tongue flicks behaviours were observed at a higher frequency in the T group than the C
group (P<0.05). While rams in group T had 64.8% mating efficiency, rams in group C had 86.9% mating efficiency (P<0.05).

Conclusion: The administration of subcutaneous melatonin implants before the breeding season in Tahirova rams, which induced a significant decrease in the
MEL hormone concentration, is important in increasing sexual behaviours.

Keywords: Tahirova sheep, GnRH, testosterone, negative response, sexual behaviour, mating efficiency

Koclarda Melatonin Implantinin Hormon Profili ve Asim Davranislarina Etkisi

0z
Amag: Bu calismada Tahirova koglarinda melatonin implantlarinin giftlesme davranisglari tizerindeki etkileri ve Gireme sezonu 6ncesi melatonin (MEL), GnRH ve
testosteron (TES) hormon konsantrasyonlari arastiriimistir.

Materyal ve Methot: Hormon analizi igin 6 bag kog kullaniimistir. Sekstiel davranig testi igin 6 kog 69 koyunla giftlestirilmistir. Koglarin sekstiel davraniglar 10
dk. boyunca test edilmistir. Kog ve koyunlarin yarisina 18 mg melatonin implanti olmak Uzere, koglara Ug pellet, disilere ise bir pellet olarak yerlestirilmistir.
Koglarin implantasyon 6ncesi (0. giin) ve implantasyon sonrasi 21., 42., 63., 94. ve 129. giinlerde kan serumlarindan ELISA yéntemiyle MEL, GnRH ve TES
hormon analizleri yapiimigtir.

Bulgular: Bulgular melatonin implantasyonunun Tahirova koglarinda MEL hormon konsantrasyonunu 6nemli 6lglide azalttigini géstermistir (P<0.05). MEL
konsantrasyonu, uygulama (T) grubunda 63. giinde en dislk konsantrasyonuna dismis ve kontrol (C) grubundan énemli élgtide farklilasmistir (P<0.05).
Gruplar arasinda GnRH ve TES hormon konsantrasyonlari benzer iken, C grubunda TES hormon konsantrasyonlari gozlem giinlerine gore farklilik gostermistir
(P<0.05). Ano-genital koklama, 6n ayak vurma ve dil gikarma davraniglari T grubunda C grubuna gére daha ytiksek siklikta gozlenmistir (P<0.05). Asim etkinligi
T grubundaki koglarda %64,8 iken, C grubundaki koglarda %86,9 olmustur (P<0,05).

Sonug: Tahirova irki koglarda asim sezonu éncesinde deri alti melatonin implanti uygulamasi, MEL hormonu konsantrasyonunda énemli bir azalmaya neden
olurken, sekslel davranislari da tesvik etmistir.

Anahtar Kelimeler: Tahirova koyunu, GnRH, testosteron, negatif yanit, sekstel davranis, asim etkinligi
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INTRODUCTION

The "ram effect" is one of the most important factors in stimulating the extra seasonal oestrus cycle in
sheep exhibiting seasonal oestrus. The effectiveness of the ram effect depends on the sexual activity or behaviour
of male animals, their smell, sight, and voice (Rosa and Bryant, 2002; Ungerfeld et al. 2020). The ram effect is
effective in the occurrence of oestrus in females the increase of libido in males, and inter-sex interactions (Rosa
and Bryant, 2002). It is reported that strong and intense sexual behaviour in rams stimulates the oestrus cycle
and increases fertility in sheep (Perkins and Fitzgerald, 1994; Stellflug et al. 2006; Kleemann et al. 2014; Calderon-
Leyva et al. 2018).

Rams to be used in oestrus cycle synchronized sheep should be primed for breeding by increasing their
libido. One of the most important methods practiced in males is the light management method (Chemineau et
al. 1988; Abecia et al. 2017). The basic goal of light management is to increase melatonin concentrations by
increasing the dark period during the diurnal cycle. It is well known that the release of melatonin increases in the
dark. The use of the exogenous melatonin application is based on imitating melatonin release during short days.
The stimulation of GnRH in males via melatonin and the resultant release of testosterone, FSH and LH, promotes
sperm production and increased libido (Lincoln and Clarke 1997; Casao et al. 2008).

The 18 mg melatonin-containing implants used to induce oestrus in off-season sheep are reported to
secrete the appropriate hormone for between 40 and 70 days, and this effect can last up to 120 days (Forcada
et al. 2002; Abecia et al. 2007). It is shown that three pellets of melatonin implants applied in rams begin to show
their effect after 36-45 days. While examining the effect of melatonin implants on the reproductive hormones in
male animals, studies have mainly focused on testosterone concentrations and changes (Kaya et al. 2000; Faigl
et al. 2009; Abecia et al. 2017). There are also studies examining the changes in melatonin concentrations (Rosa
et al. 2000; Casao et al. 2013; Egerszegi et al. 2014). The melatonin implants have been reported to increase
melatonin and testosterone concentrations in male animals (Casao et al. 2013).

The milk yield and lamb yield of Tahirova sheep breed, which is obtained as a result of crossing the Turkish
native sheep breed Kivircik and East Friesian dairy sheep, is good performance levels (T6lU and Yazgan, 2022;
Tolu et al. 2022). There is not enough information about the breeding season and off-season oestrus
synchronization and performance of Tahirova sheep. While melatonin application is related to females in Turkey,
there is no regulation in the breeding season or non-breeding season with rams. While ewes can be sexually
stimulated by exogenous hormone applications, flushing and ram effect, rams to mate with females in the herd
may be insufficient in terms of sexual hormones and sexual activity. Administration of subcutaneous melatonin
implants has already been determined to increase the frequency of sexual behaviours in males and females
(Abecia et al. 2018; Calderon-Leyva et al. 2018; Kleemann et al. 2021). However, there reports indicate no effects
of the melatonin implants on sexual behaviours (Rosa et al. 2000). This study investigated the effects of pre-
breeding season melatonin implantation on mating behaviours, and the melatonin, GnRH and testosterone
concentrations in rams.

MATERIAL and METHODS
Animals and management

The study was carried out in the Animal Production Research Unit (40° 07’ N, 26° 26’ E) of the Faculty of
Agriculture at Canakkale Onsekiz Mart University, Turkey. The Tahirova breed used in the study was developed
by crossing East Friesian sheep with native Kivircik sheep. Ewes and rams were housed separately in semi-open
barns throughout the year and during summer were housed outside in shaded areas. Hand-mating was carried
out in the flocks at the end of August and September.

In the study, ewes only participated in mating and no findings were made regarding ewes. The experiment
was set up with the treatment group (T) having melatonin implantation and the control group (C) being non-
treated. On June 26, half of the rams and ewes were implanted with melatonin (Regulin ®). Three pellets in males
and one pellet in females were applied (Kleemann et al., 2014). Thirty-six days after the melatonin implantation,
an aproned (a teaser) ram was placed in the flock of ewes to detect the oestrus cycle. The ewes found to be in
oestrus were mated with their designated group, and mating was carried out for 8 to 12 hours.
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Experimental design

In the study, ewes only participated in mating and no findings were made regarding ewes. The experiment
was set up with the treatment group (T) having melatonin implantation and the control group (C) being non-
treated. On June 26, half of the rams and ewes were implanted with melatonin (Regulin ®). Three pellets in males
and one pellet in females were applied (Kleemann et al., 2014). Thirty-six days after the melatonin implantation,
an aproned ram was placed in the flock of ewes to detect the oestrus cycle. The ewes found to be in oestrus
were mated with their designated group, and mating was carried out for 8 to 12 hours.

Tests and recordings

Recordings of the mating of each ram were made for 10 min. in a 2.5 x 4.0-m pen. The mating test of each
sheep was done once. The frequency and duration of the courtship and mating behaviours were recorded using
direct observation and video recordings. Ano-genital sniffing, foreleg kicks, tongue flicks, vocalizations, lateral
approaches, mount frequency (without ejaculation), and mating frequency (with ejaculation) and their duration
were recorded as indices of sexual behaviour. The total number of the mentioned behaviours (ano-genital
sniffings + foreleg kicks + tongue flicks + vocalizations + lateral approaches), and the total number of mounts
(mounts + matings) and the ratio of the mating/total number of mounts (mating efficiency) were calculated
(Ungerfeld et al. 2020).

Hormone measurements

Blood was collected (08:00-12:00 am in the morning) by jugular venepuncture before the melatonin
implantation (Day 0) and 21, 42, 63, 94, and 129 days after the implantation. The blood samples were centrifuged
at 3500 rpm for 10 minutes. Blood serum was transferred to sterile storage tubes and kept in a deep freezer at -
20 9C until hormone analysis. Melatonin (MEL), GnRH, and testosterone (TES) analyses were performed by the
enzyme-linked immunosorbent assay (ELISA) method. A Thermo Scientific Multiskan FC Microplate Photometer
was used for analysis. Hormone analyses of MEL, GnRH and TES were performed with sheep specific commercial
hormone kits. The kit (Shanghai Sunred Biological Technology Co.) uses a double-antibody sandwich enzyme-
linked immunosorbent assay. The sensitivity of the melatonin, GnRH and testosterone hormone was 2.631 ng/L,
0.036 ng/ml and 0.512 nmol/L, respectively.

Statistical Analysis

Repeated measurements variance analysis was performed after applying logarithmic transformation
(LOG10(y+10)) to the mating behaviours. The model included treatment group (T, C) and female age (1,...4) as
the animal’s fixed effects and random effects. Melatonin, GnRH and testosterone data were analysed by Kruskal—
Wallis test. While each hormone analysis was carried out on a group (T, C) basis, within-group analyses between
observation days were also made. All analyses were made in the SAS (1999) statistical software package.

RESULTS
Hormone analysis

Melatonin implantation before the breeding season caused a significant decrease in MEL in the Tahirova
rams (Fig. 1). MEL concentration showed a different trend in the T group than in the C group and decreased until
63 days after implantation. MEL concentrations between the T and C groups on Day 63 differed significantly
(P<0.05). After the 63rd day, MEL in the T group increased and reached its initial value on the 129th day. MEL
concentrations in group C were similar from the first day to Day 129.
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a-c: Difference between hormone means on observation days within group is significant, P<0.05.

Figure 1. Means and standard errors of MEL, GnRH and TES hormone concentrations according to observation days by treatment and

control groups in Tahirova rams

Sekil 1. Tahirova koglarinda uygulama ve kontrol gruplarinda gézlem giinlerine gére MEL, GnRH ve TES hormon konsantrasyonlarinin

ortalamalari ve standart hatalar

GnRH concentrations were similar in both groups (Fig. 1; P>0.05). While the TES concentrations were
similar in both groups, the changes in TES values between the observation days of the C group were significant
(P<0.05). TES decreased significantly on the 21st post-implantation day in group C and increased significantly
afterwards. In the T group, the trend of TES was similar with a slight increase until Day 63, after a decrease on
Day 21, increasing slightly more on days 94 and 129 (P>0.05).

Courtship and mating behaviours

The frequency of the mating behaviour traits of the T-group rams was higher (except vocalizations) than
the C-group rams (Fig. 2). The frequency of ano-genital sniffing behaviour, foreleg kicks and tongue licking
behaviours differed significantly between groups (P<0.05). Only in tongue licking behaviour was the ram x ewe
groups interaction significant (P=0.0481; data not shown).
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a-b: Difference between group means in each behaviour is significant, P<0.05.
Figure 2. Means and standard errors of frequency of mating behaviours (times, ram/10 min.) by group in Tahirova rams
Sekil 2. Tahirova koglarinda gruplara gére asim davranislarinin sikligina iliskin ortalamalar ve standart hatalar

Rams were observed to contact the ewes immediately after release into the test pen (Fig. 3). Group C
rams performed the first mating in a significantly shorter time than group T rams (P<0.05). While the second and
third matings were similar in both groups, the T group performed more frequent mounting behaviour for the
first and second mating than the C group (P<0.05). Also, total mounting behaviour frequency of T group was

higher than C group (P<0.05). Although the total mounting behaviour frequency was higher in the T group, the
overall mating frequency of the two groups was similar (P>0.05).
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Figure 3. Means and standard errors of mating frequency and duration by group in Tahirova rams
Sekil 3. Tahirova koglarinda gruplara gore agim sikligi ve agim suresine iliskin ortalamalar ve standart hatalar
Rams in group T exhibited slightly higher total mating behaviour than rams in group C (Fig. 4; P>0.05).

However, the mating efficiency of rams in group C was higher than rams in group T (P<0.05). A mating efficiency
of 64.8% for rams in the T group and 86.9% in the C group was determined.
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Figure 4. Means and standard errors of mating efficiency (total mating / total mounts x 100) and total mating behaviour frequency by

group in Tahirova rams

Sekil 4. Tahirova koglarinda agim etkinligine (toplam giftlesme / toplam binis x 100) ve gruplara gére toplam asim davranigi sikhgina iligkin

ortalamalar ve standart hatalar
DISCUSSION

Melatonin implantation before the breeding season significantly reduced the MEL concentration in
Tahirova rams. These findings in the present study differ from previous studies. It is known that the melatonin
implant in rams significantly increases the MEL concentration (Rosa et al. 2000; Casao et al. 2013; Rekik et al.
2015; Pool et al. 2020). It can be said that the 54 mg subcutaneous melatonin implants have a negative feedback
effect on the serum melatonin hormone concentration in the treatment ram group. In the pre-study period, the
rams were housed in a closed shelter with 1/20 window area. When the trial began, rams were housed in the
shade of trees in the garden of the sheepfold. Rams were housed in the same area throughout the trial period.
Therefore, the decrease in melatonin hormone level may result from the different interaction of the natural dark
period and the melatonin implant. However, the reduction in melatonin concentrations in the present study was
unexpected and this issue awaits further exploration. Melatonin hormone concentrations remained significantly
stable in the dark period of the day in sheep treated with melatonin implants compared to the control group
(Kennaway et al. 1983). It is seen that the prolonged secretion of melatonin implant in the present study
maintains its negative effect for a long time in the rams in the treatment ram group. The lowest MEL value in the
T group was determined on Day 63, when the secretion from the implants reached its expected highest
concentration (Forcada et al. 2002; Abecia et al. 2007).

Therefore, it can be said that the rams used in the study had satisfactory concentrations of melatonin
hormone before the breeding season. Moreover, it may be stated that the melatonin hormone implant
performed in Tahirova rams on these dates may have an adverse effect on the MEL concentration. In addition,
the value of 88.48 ng/L of MEL measured on the 63rd day in the rams in the study was lower than in similar
studies (Rosa et al. 2000; Egerszegi et al. 2014). However, it is known that melatonin stimulates the release of
GnRH (Lincoln and Clarke 1997; Casao et al. 2008), but it should be noted that the decrease in MEL in the T group
did not affect the GnRH concentration (Fig. 1).
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TES concentrations decreased after the initial measurements in both groups. TES values on Day 0 in group
C were lower than on days 21 and 42 (Fig. 1). One of the reasons for the decrease in TES of T group may be the
decrease in MEL. However, the decrease in group C cannot be explained with this justification. The rise in TES
concentration after the 21st day may have been due to the rams' contact with ewes 36 days after post-
implantation. It has been determined that the concentration of TES increases in rams with melatonin implants
(Casao et al. 2013; Pool et al. 2020). TES concentrations in the T and C groups were similar in the present study.
In Konya Merino rams, while the TES concentrations on days 0-70 were similar in the groups during the breeding
season, higher TES was detected out of the breeding season in the melatonin group, than in the control group
the 70th day (Kaya et al. 2000). TES concentration in Poll Dorset rams was significantly higher in the melatonin
administration group than in the control group at 6 and 30 weeks (Pool et al. 2020). TES concentrations of
melatonin treated group differed from the control group and increased at 75 and 90 days after implantation in
Rasa Aragonesa rams (Abecia et al. 2018).

In the present study, rams in the T group exhibited mating behaviours at a higher frequency (except for
vocalizations) than throse in the C group (Fig. 2). While the mating behaviour of Border Leicester rams with
melatonin implants was similar to those in Lucindale, the latency to the nose, nosing, courting and mounting
behaviours of rams in the Turretfield region were significantly higher in the treatment group than in the control
group (Kleemann et al. 2021). In Rasa Aragonesa rams, melatonin implants significantly increased the frequency
of nudging, ano-genital sniffing and self-urination (Abecia et al. 2018). Also, lateral approaches, mount attempts,
and total activity times were significantly higher in the melatonin implanted group in Barbarine rams (Rekik et
al. 2015).

It can be said that melatonin and other exogenous hormone administrations positively effect on the
frequency of sexual behaviours and sexual activity in rams. Likewise, it was determined that ano-genital sniffing,
total inspective behaviour, and the number of matings and mating efficiency were higher in the treatment group
than in the control group in Saint Croix rams (Ungerfeld et al. 2020). Similarly, in our study, the rams in T group
performed more mating behaviours and a higher frequency of mounting behaviours. However, the total number
of ejaculations in the groups was similar. On the other hand, rams in the T group performed more mounting
behaviours overall. For this reason, the mating efficiency was higher in C group than T group. This may be due to
the individual mating abilities of the rams in the treatment group. And the lack of energy and skills required for
overcoming may have occurred due to the excessive frequency of overdoing behaviour. However, it should be
noted that the mating efficiency or a number of matings in our study was at a sufficient concentration (Abecia et
al. 2017; Ungerfeld et al. 2020).

The sexual behaviour of the male animal can, of course, also be affected by the behaviour of females in
the display of mating behaviour. In our study, only tongue licking behaviour was significant compared to the ram
x ewe subgroups. Also, the rams in the T group showed higher mating behaviour frequencies when they were
matched with the ewes from both groups. The lowest tongue licking behaviour was observed in group C with
treated ewes (4.22 times ram / 10 min. test; data not shown); this differed significantly from the treated ram x
treated ewe groups (13.77 times ram / 10 min. test; data not shown). Therefore, it can be said that the frequency
of mating behaviour was higher in the T group (except the treated ram x control ewe group), and the melatonin
implant had a reinforcing effect on the frequency of sexual behaviours in Tahirova rams.

CONCLUSIONS

Melatonin implantation before the breeding season induced a significant decrease in the melatonin
hormone concentration in Tahirova rams. The fact that the lowest concentration of melatonin hormone was at
63 days when the hormone release of the implant was expected to be at the highest concentration suggests that
the implant had an adverse effect on the melatonin release. While there was no significant change in GnRH
concentrations, the testosterone hormone increased significantly, especially in group C on Day 21, and probably
increased after contact with females. As a result of all these, it may be recommended to repeat the study with
more rams of the same breed in the same region, especially in terms of hormone results.

Melatonin implants significantly increased the frequency of mating behaviours during the 10-minute
mating test in Tahirova rams. However, rams in group T with increased frequency of mating behaviours and
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mounts performed their first mating later than the rams in group C. Also, although the rams in the T group had
more mounts, the amount of mating was similar between the groups.

In conclusions, while implant administration induced a significant decrease in the melatonin hormone
concentration, it promoted courtship behaviours.
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Chemical Characteristics and Feed Value o Moringa (Meringa oleifera Plant”

ABSTRACT

Objective: The experiment was conducted to determine chemical compositions of different parts of Moringa oleifera [leaves, stalks and whole (leaves + stalks).

Materials and Methods: : For this purpose, Moringa oleifera was harvested 3 times with 1 month of intervals starting from the first flowering period at 5
months old. Dry matter, organic matter, ash, crude protein, ether extract, crude fiber, nitrogen free extract, starch, sugar, neutral detergent fiber, acid
detergent fiber, acid detergent lignin, hemicellulose, cellulose, relative feed value, in vitro metabolic energy for ruminant and poultry of different parts of
Moringa oleifera, also antioxidant activity, phenolic substance and total flavonoid of leaves were analysed.

Results: There were significant differences among harvests in all parameters in the leaves except for organic matter and ash, stalks and whole (leaves + stalks)
(P<0.05).
Conclusion: It is concluded that Moringa oleifera can be recommended as an alternative source of forages considering nutrients content and feed value.

Keywords: Moringa oleifera, chemical composition, feed value

Moringa (Moringa oleifera Bitkinin Kimyasal Ozellikleri ve Yem Degeri*

0z

Amag: Bu arastirmada; Moringa oleifera bitkisinin farkl kisimlarinin Byapraklar, saplar ve tim bitkinin (yapraklar + saplar)&@ kimyasal bilesimlerini belirlemek
amaciyla yapiimigtir.

Materyal ve Methot: Bu amagla Moringa oleifera 5 aylk yastaki ilk ¢iceklenme doneminden baslayarak 1’er ay araliklarla 3 kez hasat edilmistir. Moringa
oleifera 'nin farkh kisimlarinda kuru madde, organik madde, kil, ham protein, ham yag, ham seliiloz, nitrojensiz 6z maddeler, nisasta, seker, nétr deterjan lif,
asit deterjan lif, asit deterjan lignin, hemiseliiloz, seliiloz, nispi yem degeri, ruminant ve kiimes hayvanlari igin in vitro metabolik enerji, ayrica yaprakta
antioksidan aktivite, fenolik madde ve toplam flavonoid analizleri yapilmistir.

Bulgular: Organik madde ve ham kil hari¢ yapraklarda, saplarda ve bitiinde (yaprak + sap) tim parametrelerde hasatlar arasinda onemli farkliliklar
bulunmustur (P<0.05).

Sonug: Moringa oleifera' nin besin maddeleri igerigi ve yem degeri dikkate alindiginda alternatif bir kaba yem kaynagi olarak énerilebilecegi kanisina varilmistir.

Anahtar Kelimeler: Moringa oleifera, kimyasal kompozisyon, yem degeri
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INTRODUCTION

The dependency on some conventional ingredients that are either imported or that are expensive where
they locally exist causes difficulties to sustainably produce livestock in developing countries (Ayssiwede et al.,
2011). Therefore, using relatively low cost and locally grown non-conventional feed resources is vital for
sustainable commercial animal production (Onu and Aniebo, 2011; Sebola et al., 2019). The inclusion of such
non-conventional feed resources in the diets could help reduce feed cost and also minimize the direct
competition between the human and livestock industry for the available conventional feedstuffs (Onu and
Aniebo, 2011).

Moringa oleifera , it is known as a fast-growing legume plant that is mainly distributed in tropical and
subtropical zones (Makkar and Becker, 1997; Ayerza, 2011; Aderinola et al., 2018; Khan et al., 2022; Wiltshire et
al., 2022) with a wide array of uses in both animal and human-related fields such as nutrition, purification of river
water, medicine, pharmacy, pharmacology, and cosmetic attributes (Ghazali and Mohammed, 2011; Giuberti et
al., 2021; Khan et al., 2022; Liu et al., 2018; Lin et al., 2019; Oyeyinka and Oyeyinka, 2018; Wiltshire et al., 2022;
Varkey, 2020). It is also reported to have twenty times higher CO2 assimilation rate reducing thus considerably
the carbon foot print, consume less water and improve soil fertility (Cattan et al., 2022).

On a dry matter basis, the crude protein content of an Moringa oleifera leaf ranges from 23.0 to 30.3%,
total content of crude fiber is as low as 5.9%, ash content of up to 12.0% (Wu et al. 2013), approximately 7.09%
lipids (Teixeira et al. 2014). Moringa oleifera leaf is rich in mineral elements, such as calcium, iron, potassium,
phosphorous, and zinc, which are key elements for animal growth and development (Teixeira et al. 2014). In
addition, Moringa oleifera contains five essential amino acids including lysine and threonine, both of which are
lacking in animal staple diet (Saint Sauveur and Broin, 2010). Notably, more than half (57%) of fatty acids in an
Moringa oleifera leaf are unsaturated fatty acids, among which a-linolenic acid (44.57%) has the highest content
(Moyo et al. 2011).

Although there are nutritional factors in Moringa oleifera leaves, such as tannins, phenols, nitrates,
oxalates, saponins and phytates which affect protein and mineral metabolism (Makkar and Becker, 1997; Moreki
and Gabanakgosi, 2014), the sugars such as raffinose and stachyose which produce bloating in monogastrics
(Makkar and Becker, 1997), these levels do not cause negative effects in animals that consume (Makkar and
Becker, 1997). However, the folk medicinal uses of Moringa oleifera leaves are attributed to the presence of
functional bioactive compounds, such as phenolic acids, flavonoids, alkaloids, phytosterols, natural sugars,
vitamins, minerals, and organic acids (Saini et al., 2016; Lin et al., 2018).

Furthermore, Moringa oleifera leaves contain bioactive compounds, such as saponins and condensed
tannins, which have antimicrobial properties that can be exploited in ruminant production to reduce methane
emissions and improve fermentation efficiency. Elghandour et al. (2017) observed that methane production in
goat and cattle rumen decreased when Moringa oleifera was used instead of soybean meal. In addition, diets
containing Moringa oleifera decreased the number of ruminal ammonia and total protozoa, while increasing the
total number of bacteria.

Moreover, its seed contain a high level of oil, said to be similar to olive oil, used for edible and non-edible
purposes (Ghazali and Mohammed, 2011; Ozcan et al., 2019; Du et al., 2022; Wiltshire et al., 2022). It also
contains a high level of protein which could make it a valuable alternative source of protein in animal feeding.
Although the limited knowledge of its effects on the metabolism, Moringa oleifera seeds are used as a livestock
feed across tropical regions due to its availability and palatability (Magalhdes et al., 2021).

The current study aims to evaluate the chemical composition and relative feed value of different parts of
Moringa oleifera grown in the field conditions of izmir (Tirkiye), harvested at 3 different periods, seed and seed
oil.

Therefore, the aim of this study were to determine dry matter (DM), crude ash (CA), ether extract (EE),
crude protein (CP), sugar, starch, crude fiber (CF), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid
detergent lignin (ADL), total phenolic content (TPC), total flavonoids (TF), antioxidant activity (AA), relative feed
value (RFV), metabolizable energy for poultry (MEP) and ruminant (MER) of different parts of Moringa oleifera
grown in the field conditions of izmir (Tirkiye), harvested at 3 different periods.
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MATERIAL and METHOD

Growing and sampling procedures

The first growth of Moringa oleifera grown on the farm located in Ege University Agricultural Research
and Application Center located at Bornova, izmir, Tiirkiye (38°27.07 N, 27°13.28 E and 26 m). In the region where
the experiment was established, are typical Mediterranean climate characteristics. The soil on trial area is
classified as silty-clay loam. The mean rainfall of the area is approximately 600 mm and the mean annual
temperature is 17.8 °C. A drip irrigation system was installed in the experimental field during the growing period.
Weed control was performed manually when necessary. No pesticide or insecticide was applied. After five
months on the field (first flowering period), harvests were made three times with one-month interval between
each harvest (September, October and November respectively). Each harvest was divided into 3 groups [leaf,
stalk, and whole (leaf + stalk)] by hand.

Analytical methods and determination of in vitro feed value

Shade-dried samples were ground in a laboratory mill to pass through a 1 mm screen for chemical
analyses. DM was determined by drying the samples at 105 °C for 16 h in the oven. Kjeldahl method was used to
determine the nitrogen (N) content, and then CP content was calculated according to the formula N x 6.25. CA
content was determined by burning the feed sample at 550 °C for 16 hours in a muffle furnace. EE analysis was
determined by Soxhlet extraction using anhydrous diethyl ether (AOAC, 1990). Sugar and starch analyzes were
performed according the method of AOAC (1990). CF was determined using 12.5% H2S04 and 12.5% NaOH
solutions according to Naumann and Bassler (1993). Nitrogen-free extracts (NFE) were calculated as 100 - %
(moisture + ash + CP + EE + CF). Neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent
lignin (ADL) contents were analyzed according to the methods reported by Goering and Van Soest (1970). Also,
hemicellulose and cellulose contents were calculated as follows: Hemicellulose % = NDF % — ADF % and Cellulose
% = ADF % — ADL %.

Estimates for MEP were based on CP, EE, starch and sugar levels determined from the samples using a
prediction equation (TSI, 1991); MEP, Mcal/kg = (3.69 x CP + 8.18 x EE + 3.99 x Starch + 3.11 x Sugar). Estimates
for MER were based on CP, CF and EE levels determined from the samples using a prediction equation (TSI, 1991);
MER Mcal/kg = ((3260 + (0.455 x CP + 3.517 x EE - 4.037 x CF)) and CP, EE, CF quantities in OM (g/kg). Metabolic
energy values of the samples are given on a dry matter basis.

To prepare the extract for analysis, 0.5 g of samples were mixed with 20 mL of 75% ethanol solution in a
shaking bath at 60°C for 30 minutes, and then centrifuged at 3000 rpm for 10 minutes. After centrifugation,
samples were filtered and prepared for analysis of total phenolic content (TPC), total flavonoid content (TFC) and
antioxidant activities (AA). TPC was determined using Folin—Ciocalteu reagent (FC) described by Singleton and
Rossi (1965), with slightly modified. TFC was determined using the protocol described by Zhishen et al. (1999).
AA was determined using the DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical scavenging method described by
Garcia et al. (2012). The % scavenging activity of the DPPH radical was calculated using the following equation:
Radical scavenging effect (%) = [(Control absorbance - Absorbance values of samples)/ Control absorbance x
100].

Relative Feed Value (RFV) was calculated from the estimates of dry matter digestibility (DMD, %) and dry
matter intake (DMI, %) (Rohweder et al., 1978). Dry matter digestibility (DMD, %) was calculated from the ADF
value; DMD, % = 88.9 — (0.779 x ADF, %). Dry matter intake (% DMI) depending on the animal's body weight (BW)
was calculated from the NDF value; DMI, % of BW = 120 / (% NDF) RFV = (DMD x DMI) / 1.29. Chemical analyses
were performed with 5 replications for each group.

Statistical analysis

All data obtained from the experiment were analyzed based on a one-way analysis of variance (ANOVA)
using SPSS (2003) software. The significance of all tests was assessed at a P value of 0.05. Duncan’s multiple range
test was used to determine the significance level of the differences.
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RESULTS

The chemical composition and the results of the TPC, TF and AA of Moringa oleifera leaves, in vitro
metabolic energy and relative feed value of Moringa oleifera leaves harvested at different stages of maturity are
shown in the Table 1. There were no significant differences among three harvests (first, second and third harvest)
in terms of DM (92.14, 92.15 and 91.96 %), OM (89.38, 89.49 and 89.70 %) and CA contents (10.62, 10.51 and
10.30 %), starch (2.16, undetermined and 1.18 %), TF (4.69, 4.70 and 4.78 mg QE/g), TPC (2.70, 2.69 and 2.72 mg
GAE/g) and AA (49.53, 49.55 and 49.57 %) of leaves respectively (P>0.05).

Table 1. Chemical composition, in vitro metabolic energy, relative feed value, total flavonoid, total phenolic compounds and antioxidant
activitiy of Moringa oleifera leaves harvested at different stages of maturity

Tablo 1. Farkl olgunluk zamanlarinda hasat edilen Moringa oleifera yapraklarinin kimyasal bilesimi, in vitro metabolik enerji, nispi yem

degeri, toplam flavonoid, toplam fenolik bilesikler ve antioksidan aktivitesi

Parameters First Harvest Second Harvest Third Harvest Probability
Dry matter, % 92.14+0.33 92.15+0.51 91.96+0.13 0.6407
Organic matter, % 89.38+0.40 89.49+0.45 89.70+0.21 0.3998
Ash, % 10.62+0.09 10.51£0.36 10.30+0.12 0.1120
Crude protein, % 22.96+0.40° 29.14+0.23° 39.30+0.18? 0.0000
Ether extract, % 5.63+0.07% 4.86+0.18° 5.79+0.18° 0.0000
Crude fiber, % 8.83+0.17% 6.56+0.36° 5.68+0.16° 0.0000
Nitrogen free extract, % 51.96+0.77% 48.94+0.76° 38.93+0.38¢ 0.0000
Starch, % 2.16+1.48 undetermined 1.18+0.00 0.3163
Total sugar, % 16.61£0.48° 19.55+0.67° 12.34+0.25¢ 0.0000
Neutral detergent fiber, % 16.46+0.65° 15.69+0.34° 12.25+0.54¢ 0.0000
Acid detergent fiber, % 10.00:£0.42° 10.44+0.42° 11.80+0.48% 0.0001
Acid detergent lignin, % 2.56+0.23° 2.56+0.22° 5.03+0.26° 0.0000
Cellulose, % 7.45+0.25% 7.88+0.36% 6.76+0.41° 0.0009
Hemicellulose, % 6.45+0.90° 5.25+0.72° 0.45+0.31° 0.0000
MERg, Mcal/kg 2.86+0.02¢ 2.96 +£0.02° 3.08+0.022 0.0000
MEp, Mcal/kg 1.88+0.06° 2.09+0.02° 2.35 +0.04 0.0000
Dry matter digestibility, % 81.11+0.332 80.77+0.332 79.71£0.37° 0.0001
Dry matter intake, % 7.30+0.29° 7.65+0.16° 9.81+0.452 0.0000
Relative feed value 458.90+17.65° 478.99+8.93° 606.23+30.38% 0.0000
Total flavonoid, mg QE/g 4.69+0.20 4.70+0.12 4.78+0.21 0.3163
Total phenolic content, mg GAE/g 2.70+0.12 2.69+0.15 2.72+0.14 0.3261
Antioxidant activitiy, % 49.53+0.77 49.55+0.78 49.57+0.76 0.2100

P: Probability, +: Standart error, MER: Metabolic energy value for ruminants, MEP: Metabolic energy values for poultry, QE: Quercetin
equivalent, GAE: Gallic acid equivalent, a,b,c: Means with different supercripts within a row are significantly different (P<0.05).

In the study highest value with respect to CP content in leaves was found in the third harvest (39.30 %)
and followed by the second harvest (29.14 %) and the first harvest (22.96 %). These values are statistically
significant (P<0.05). EE values were found to be higher and different significantly in third (5.79 %) and first
harvests (5.63 %) compared to second harvest (4.86 %) (P<0.05). According to the findings about CF, NFE, NDF
and hemicellulose contents respectively, the highest value (8.83%) was found in the first harvest and followed
by second (6.56%) and third harvest (5.68%); the highest value (51.96%) was found in the first harvest and
followed by second (48.94%) and third harvest (38.93%); the highest value (16.46%) was found in the first harvest
and followed by second (15.69%) and third harvest (12.25%); the highest value (6.45%) was found in the first
harvest and followed by second (5.25%) and third harvest (0.45%) (P<0.05). ADF and ADL contents were
significantly higher in the third harvest leaves (11.80% and 5.03%) than the first harvest (10.00% and 2.56%) and
second harvest (10.44% and 2.56% DM) (P<0.05). According to the findings about total sugar content
respectively, the highest value (19.55%) was found in the second harvest and followed by first (16.61%) and third
harvest (12.34%) (P<0.05). In the study, cellulose contents and DMD of third harvest leaves (6.76% and 79.71%)
were significantly lower than first harvest (7.45% and 81.11% DM) and second harvest (7.88% and 80.77% DM)
(P<0.05). In vitro metabolic energy and RFV of Moringa oleifera leaves harvested at different stages of maturity
were found statistically significant (P<0.05). Considering MER and MEP respectively increased with the harvesting
rank. Highest values (3.08 Mcal/kg and 2.35 Mcal/kg) were observed in the third harvest and the lowest values
(2.86 Mcal/kg and 1.88 Mcal/kg) were observed in the first one (P<0.05). DMI and RFV were found in the third
harvest (9.81% and 606.23 respectively) and followed by the second harvest ((7.65% and 478.99 respectively)
and the first harvest (7.30% and 458.90 respectively) (P<0.05). In all the harvests Moringa oleifera leaves are the
supreme quality category. TF, TPC and AA of Moringa oleifera leaves were not significantly different (P>0.05).
During this study, Moringa oleifera leaves were found to contain 4.69-4.78 mg QE/g TF, 2.69-2.72 mg GAE/g TPC
and 49.53-49.57 AA%.
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The chemical composition, in vitro ME and RFV of Moringa oleifera stalk harvested at different stages of
maturity are shown in the Table 2. The highest DM concentration in stalk was determined in the first harvest
(93.57%), the highest OM in the first and third harvest (90.50 and 90.07%), the highest ash in the second harvest
(10.30%), the highest CP in the third harvest (13.28%), the highest EE in the second harvest (2.11%), the highest
CF in third harvest (35.98%) (P<0.05). NFE content was significantly higher in first (43.49%) and second harvest
(43.48%) (P<0.05). Total sugar contents were higher in first harvest (12.43%) (P<0.05). NDF content was
significantly higher in first (53.10%) and third harvest (52.69%) (P<0.05). ADF contents were significantly higher
in the third harvest leaves (43.97%) than the first and second harvest (42.43% and 39.62%) (P<0.05). ADL content
was lower in second harvest than the others (7.06%) (P<0.05). In the study, cellulose content was highest in third
harvest (35.81%) hemicellulose content was highest in first harvest (10.68%) (P<0.05). Highest MER and MEP
values were observed in second harvest (1.73 Mcal/kg and 1.00 Mcal/kg respectively) (P<0.05). In all the harvests
Moringa oleifera stalk are the low/utility quality category.

Table 2. Chemical composition, in vitro metabolic energy and relative feed value of Moringa oleifera stalks harvested at different stages of

maturity

Tablo 2. Farkl olgunluk zamanlarinda hasat edilen Moringa oleifera saplarinin kimyasal bilesimi, in vitro metabolik enerji ve nispi yem

degeri

Parameters First Harvest Second Harvest Third Harvest P

Dry matter, % 93.57+0.26* 91.44+0.50° 92.06+0.05° 0.0000
Organic matter, % 90.50+0.25% 89.70+0.58" 90.07+0.12% 0.0155
Ash, % 9.50+0.07¢ 10.30+0.05% 9.93+0.10° 0.0000
Crude protein, % 9.76+0.16° 11.40+0.13° 13.28+0.15° 0.0000
Ether extract, % 1.79+0.03¢ 2.11+0.08° 2.00+0.04° 0.0000
Crude fiber, % 35.47+0.49° 32.71+0.58°¢ 35.98+1.19% 0.0001
Nitrogen free extract, % 43.49+0.37° 43.48+0.57° 38.82+1.06° 0.0000
Starch, % not detected 1.78+0.00 not detected -
Total sugar, % 7.45+0.16° 12.43+0.38? 8.85+0.28° 0.0000
Neutral detergent fiber, % 53.10+0.30% 47.71£0.56° 52.69+0.522 0.0000
Acid detergent fiber, % 42.43+0.48° 39.62+0.73° 43.97+0.22° 0.0000
Acid detergent lignin, % 7.83+0.312 7.06+0.26° 8.16+0.30% 0.0002
Cellulose, % 34.60+0.34° 32.56+0.78°¢ 35.81+0.22° 0.0000
Hemicellulose, % 10.68+0.57% 8.10+0.71° 8.72+0.55° 0.0001
MER, Mcal/kg 1.63+0.02° 1.73+0.02? 1.62+0.05° 0.0000
MEp, Mcal/kg 0.74+0.01¢ 1.00+0.04? 0.93+0.01° 0.0000
Dry matter digestibility, % 55.85+0.37° 58.04+0.572 54.65+0.17¢ 0.0000
Dry matter intake, % 2.26+0.01° 2.52+0.032 2.28+0.02° 0.0000
Relative feed value 97.81+0.83° 113.14+2.07° 96.46+1.03° 0.0000

P: Probability, +: Standart error, MER: Metabolic energy value for ruminants, MEP: Metabolic energy values for poultry, QE: Quercetin
equivalent, GAE: Gallic acid equivalent, a,b,c: Means with different supercripts within a row are significantly different (P<0.05).

The chemical composition, in vitro ME and RFV of whole (leaf+stalk) Moringa oleifera harvested at
different stages of maturity is shown in the Table 3. No significant differences were observed in DM and OM
contents of whole (P>0.05). the highest ash in the second harvest (10.33%) (P>0.05). The CP contents increased
with the harvesting rank were and significantly higher in the third harvest (32.39%) and lower in the first one
(17.28%) (P<0.05). EE content was significantly higher in the third harvest than the others (4.82%) (P<0.05). CF
content was significantly higher in the first harvest than the others (23.46%) (P<0.05). NFE content was
significantly higher in first harvest (47.19%) (P<0.05). Total sugar contents were higher in second harvest
(19.32%) (P<0.05). the First harvest had significantly higher NDF, ADF, ADL, cellulose and hemicellulose contents
than the others (34.74%, 27.36%, 4.87%, 22.49% and 7.38% respectively) (P<0.05). Considering MER and MEP
values increased with the harvesting rank and the highest values were observed in third harvest (2.68 Mcal/kg
and 1.96 Mcal/kg) (P<0.05). The lowest DDM (67.59%) was observed in first harvest (P<0.05). On the other hand,
the highest DMI and RFV values were determined in the second harvest while the lowest ones are observed in
the first harvest (P<0.05). According to the quality standards, Moringa oleifera as a whole is in the prime quality
class in all the harvests with the highest value (312.34) obtained in the second harvest.
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Table 3. Chemical composition, in vitro metabolic energy and relative feed value of Moringa oleifera leaf + stalk harvested at different

stages of maturity

Tablo 3. Farkli olgunluk zamanlarinda hasat edilen Moringa oleifera bitkisinin kimyasal bilesimi, in vitro metabolik enerji ve nispi yem degeri

Parameters First Harvest Second Harvest Third Harvest Probability

Dry matter, % 92.12+0.40 91.51+0.54 92.00+0.06 0.0656
Organic matter, % 90.24+0.40 89.67+0.85 89.96+0.08 0.2918
Ash, % 9.76+0.09° 10.33+0.50? 10.04+0.06a° 0.0314
Crude protein, % 17.28+0.30° 24.09+0.16° 32.39+0.20% 0.0000
Ether extract, % 3.40+0.08°¢ 3.68+0.07° 4.82+0.15° 0.0000
Crude fiber, % 23.46+0.22° 14.70+0.30° 14.16+0.46° 0.0000
Nitrogen free extract, % 46.11+0.18° 47.19+1.042 38.58+0.73¢ 0.0000
Starch, % undetermined 1.78+0.00° 1.77£0.00° 0.0000
Total sugar, % 16.29+0.50° 19.32+0.58? 11.22+0.53°¢ 0.0000
Neutral detergent fiber, % 34.74+0.63% 22.23+0.31° 23.88+0.73° 0.0000
Acid detergent fiber, % 27.36+0.44% 18.29+0.33¢ 18.31+0.60° 0.0000
Acid detergent lignin, % 4.87+0.25° 3.54+0.28¢ 4.06+0.19° 0.0000
Cellulose, % 22.49+0.34° 14.74+0.22° 14.25+0.77° 0.0000
Hemicellulose, % 7.3840.63% 3.95+0.38¢ 5.57+1.12° 0.0000
MEg, Mcal/kg 2.19+0.01°¢ 2.57+0.04° 2.68+0.022 0.0000
ME;, Mcal/kg 1.42+0.01¢ 1.81+0.05° 1.96+0.04% 0.0000
Dry matter digestibility, % 67.59+0.34° 74.65+0.26° 74.64+0.472 0.0000
Dry matter intake, % 3.46+0.06° 5.40+0.08° 5.03+0.15° 0.0000
Relative feed value 180.99+3.66° 312.34+4.76* 290.89+8.41° 0.0000

P: Probability, +: Standart error, MER: Metabolic energy value for ruminants, MEP: Metabolic energy values for poultry, QE: Quercetin
equivalent, GAE: Gallic acid equivalent, a,b,c: Means with different supercripts within a row are significantly different (P<0.05).

DISCUSSION and CONCLUSION

The stage of maturity is one of the most parameters that influence the nutritive value of forage (Ramos
et al., 2015; Sebola et al., 2019). The lowest values of the CP content of all parts of Moringa oleifera plant were
obtained in the first harvest (Mabapa et al., 2017). However, for the CF content of harvests, the highest values
were obtained in the first one, while among the parts the highest values were observed in the stalk of the plant.
These are the expected results according to the age of the plant (stage of maturity). In fact, in the first harvest,
the plant was 5-month-old, while the second and third harvests were performed at one-month interval. Sebola
et al. (2019) obtained similar results in their study with the mature and immature Moringa oleifera plant leaves.

In the literature, most researchers report similar results of CP values (20-35%) as obtained in first and
second harvests in the present research (Abbas, 2013; Foidl et al., 2001; Kwena Mokoboki et al., 2019; Laouali
Manzo et al., 2016; Liu et al., 2018; Mabapa et al., 2017; Sebola et al., 2019; Ziani et al., 2019). Even if the CP
content determined in the third harvest in our study (39.30%) is higher than the levels reported in some
publications, there are articles that present similar results of CP content level (Chodur et al., 2019; Ndong et al.,
2007). Indeed, Ndong et al. (2007) and Chodur et al. (2019) found 39.69 % and 39.51 %, respectively for CP
content of Moringa oleifera leaves. This is because researches usually use older plants that have less CP and more
CF because of the maturity stage (Ramos et al., 2015; Sebola et al., 2019). Also, Moringa oleifera varieties have
been reported to have significant differences in CP content (15-39%) in some researches (Chodur et al., 2019;
Hassanein, 2018). As was expected, the highest values of CP content were obtained in the third harvest, while
the values of CF content were the lowest. However, Quintanilla-Medina et al., (2018) found the highest CP
content in first harvest and reported that the CP content decreased with the rank of harvest. These differences
may result from different harvesting time intervals and in different seasons. Among the parts, the highest values
of CP content were obtained in the leaves and the lowest values were found in the stalk. Similar results have
been reported by several researchers (Abbas, 2013; Foidl et al., 2001; Saint Sauveur and Broin, 2010). On the
other hand, when evaluated in terms of CP content (an important nutrient that determine feed value), Moringa
oleifera tree stands out among other legume roughages commonly used as forage crops. In their study on
commonly used legume roughages as a feed plant in Turkey, Canbolat and Karaman (2009) show that the CP
content varied between 14.89 % and 19.11 % with the highest value found in clover. In similar studies, the highest
CP was found in clover with 19.75 % and 22.1 % by Canbolat et al. (2006) and Yavuz (2005) respectively. In this
study, the CP content of the Moringa oleifera plant as a whole varied between 17.28 % and 32.39 %. The legume
forages examined by these researchers are found to be inferior to Moringa oleifera plant in terms of CP, CA, and
EE contents. Studies have been conducted to evaluate the effects of Moringa oleifera on various animal species
e.g, dairy cows (Mendieta-Araica et al. 2011; Reyes-Sanchez et al. 2006), sheep (Aregheore, 2002; Gebregiorgis
et al. 2012), goat (Qwele et al. 2013), layer (Abbas, 2013; Valdivié et al. 2016 ), broiler (Nkukwana et al. 2014;
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Wapi et al. 2013), rabbit (Sun et al. 2018) and fish (Afuang et al. 2003; Puycha et al. 2017). All these studies
reported that Moringa oleifera can be used as an good alternative protein source for livestock.

Among the parts of the plant, the highest CA, EE and NFE contents were found in the leaves, whereas the
lowest EE content was observed in the stalk. The lowest NFE contents including all parts were obtained in the
third harvest. These findings are compatible with previous studies (Liang et al., 2019; Mendieta-Araica et al.,
2013; Quintanilla-Medina et al., 2018; Sebola et al., 2019; Ziani et al., 2019).

Very low levels of starch were detected in all harvests and all parts. Among harvests, the highest sugar
content was obtained in the second one and among the parts, the highest value was in the leaves. The sugar
content found in the leaves (12.34-19.55 %) was higher than the value presented by Ziani et al. (2019) who
indicated a value of 3.82 %. However, the researchers did not report at which age the plant leaves were
harvested.

When cell wall contents are examined in the leaves, NDF (16.46 % to 12.25 %), hemicellulose (6.45 % to
0.45 %) and cellulose (7.45 % to 6.76 %) decreased with the rank of harvest, while ADF (10.00 % to 11.80 %) and
ADL (2.56 % to 5.03 %) increased. Quintanilla-Medina et al. (2018) found the same trend for ADF and
hemicellulose and the opposite trend for NDF. However, these values are compatible with the values found in
this study. These researchers reported NDF as 13.55-18.00 %, ADF as 8.25-11.64 %, and hemicellulose as 4.01-
6.98 %. On the other hand, the current findings contradict with that of some researchers who found higher values
because they used more mature leaves (Mendieta-Araica et al., 2013; Sebola et al., 2019). In this study, the
contents of the cell wall in the stalk slightly varied among harvests. However, as was expected, it was found
higher than the values in the leave and are similar to the values reported in previous studies (Abbas, 2013;
Mendieta-Araica et al., 2013; Sebola et al., 2019).

In this study, on average Moringa oleifera leaves contained MER ranged between 11.96-12.88 Mcal/kg;
MEP ranged between 7.87-9.81 Mcal/kg; Moringa oleifera stalks contained MER ranged between 6.76-7.24
Mcal/kg; MEP ranged between 3.10-4.17 Mcal/kg; Moringa oleifera plant as a whole (leaf + stalk) contained MER
ranged between 9.17-11.21 Mcal/kg; MEP ranged between 5.96-8.20 Mcal/kg. ME contents of legume hays
examined by Canbolat and Karaman (2009) using the Gas Production Technique has been reported to be between
2222.75 and 2652.96 kcal / kg DM. In another study, Kwena Mokoboki et al. (2019) reported the ME value of
Moringa oleifera leaves as 0.53 Mcal/kg [ME, Mcal / kg = 0.821 x DE (Mcal / kg, digestible energy)] Insufficient
studies have been reported on this subject.

In the previous studies, the DDM is reported to be in a range of 44.4 %-59.7 % for legume hays and
between 59.5-66.8 % for dry grasses (Canbolat et al., 2006; Canbolat and Karaman, 2009; Kwena Mokoboki et
al., 2019; Yavuz, 2005). Whilst DDM values of Moringa oleifera hay ranged between 67.59 % and 74.64 %. On the
other hand, the DMI of the mentioned hays ranged from 2.26 to 2.28, while that of the Moringa oleifera tree
ranged from 3.46 to 5.03. It can be concluded that the lower ADF value in the Moringa oleifera a plant than the
others increased the DDM, and the lower NDF value than the others increased the DMI.

While monogastric animals cannot digest structural carbohydrates in roughages, ruminants can digest
structural carbohydrates by the cellulolytic microorganisms. Structural carbohydrates NDF (cellulose,
hemicellulose, and lignin) and ADF (cellulose, hemicellulose) found in roughages are important for maintaining
rumen health and increasing feed efficiency. RFV, developed using the feed ADF and NDF contents, is important
in this aspect. In the study conducted by Canbolat and Karaman (2009), the RFV value of legume hays (common
clover, button clover, hairy clover, yellow stone clover, white stone clover, castor clover, sainfoin and gazal horn)
varies between 120.30 and 159.90. In this study, the RFV of the Moringa oleifera plant was determined to
between 180.99 and 312.34. The high RFV of Moringa oleifera is due to the low NDF and ADF content and the
variation of the feed variety. In another study, Kwena Mokoboki et al. (2019) reported the superiority of Moringa
oleifera plant from other common forage crops (M. azedarach, A. hebeclada, M. oleifera, L. leucocephala, and S.
lancea) in terms of ME, DMI, DDM, and RFV.

Moringa oleifera contains high amounts of polyphenols, flavonoids and phenolic acids. Due to its rich
nutritional content, it has been used as a therapeutic in traditional medicine from past to present (Ma et al.,
2020). However, it has been reported that this rich content may differ according to geographical location and
environmental conditions (Panwar and Mathur, 2020). During this study, Moringa oleifera leaves were found to
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contain 4.69-4.78 mg QE/g TF, 2.69-2.72 mg GAE/g TPC and 49.53-49.57 AA%. The TPC of Moringa oleifera leaves
grown in Mexico was between 241.3 and 468.4 ug GAE/mL; it has been reported that the TF content is between
107.9 and 316.3 uL RE/mL (Coz-Bolanos et al., 2018). In previous studies, total phenol contents were reported as
2.7% by Gupta et al. (1989); as 4.32% by Foidl et al. (2001) and as 2.2% by Moyo et al. (2011). Sankhalkar and
Vernekar (2016) determined that TFC was 4.44 mg/mL, TPC was 2.28 mg/mL of Moringa. oleifera Lam.leaf. Oztiirk
et al. (2022) reported that total phenolics were between 68.23 and 92.30 g GAE/kg dw; TFC content ranged from
37.75 to 70.29 g QE/kg dw and AA ranged from 12.20 to 23.78 DPPH (mmol TE/kg dw) of Moringa oleifera grown
in different districts (Bulancak, Camoluk, Espiye, Sebinkarahisar and Tirebolu) of Giresun province of Tirkiye.

One of the major determinants of feed quality is the stage of maturity at harvesting (Sebola et al., 2019)
and climate-soil conditions. Up-to-date, most of the research done on Moringa oleifera focuses on those grown
in India, Madagascar is in Africa or other African countries (Lin et al., 2019). According to precedent researches,
soil properties and climatic conditions significantly affect the yield and chemical composition of the Moringa
oleifera plant (Laouali Manzo et al., 2016; Wasonowati et al., 2019; Zheng et al., 2016).

The stage of maturity of foliage at harvesting is a major determinant of feed quality in terms of biomass
yield and nutritive value. This study showed that Moringa oleifera plant can maintain its feed value after the first
harvest performed at the flowering period. In the upcoming studies, Moringa oleifera should be examined in
terms of nutrient content and biomass yield by making more harvests (up to 9) at different intervals of time. Such
research could help to optimize the timing of harvesting so that the most suitable interval of time in which the
optimum feed value and the optimum forage yield is attempted could be thoroughly defined. This study on the
Moringa oleifera tree emphasis grown in izmir-Turkey is done for the first time and the data presented in this
paper might support further research and the exploration of potential local applications. Therefore, there is a
need to evaluate this plant in different soil and climatic conditions. It is clear from these results that Moringa
oleifera has substantial nutritional value for ruminant and poultry. Further, it is need such as minerals, amino
acids, vitamins, nutraceutical and bioprotective substances and also digestibility should be obtained in future
study.
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Molecular Assessment of Genetic Diversity and Bottleneck in Hair Goat Reared in Tiirkiye
ABSTRACT

Objective: Being the most preferred and geographically distributed in Tiirkiye, the Hair goat was screened at a molecular level to evaluate genetic diversity
and population structure via microsatellite DNA markers. This paper also aimed to investigate the effects of genetic bottleneck to evaluate whether the Hair
goat has maintained its effective population size in recent past.

Material and Methods: A total of 411 Hair goats were sampled from farms participating in the "Hair Goat Breeding" project, initiated by the General Directorate
of Agricultural Research and Policies in Aydin and Denizli provinces. Sampled animals were genotyped with 18 microsatellite loci to assess genetic diversity,
population structure, and genetic bottleneck.

Results: A total of 341 different alleles were observed across 18 microsatellite loci in which the highest number of alleles (26) and effective alleles (10.18) were
detected in INRAOOS and HSC loci, respectively. The average observed heterozygosity (0.73) was lower than the expected value (0.83), whereas all loci turned
out to be highly informative (PIC>0.50). Factorial correspondence analysis separated animals into two groups, while a genetic admixture was detected between
these groups. STRUCTURE analysis, on the other hand, confirmed that 411 animals were derived from three ancestral populations in which the third group is
drawn due to admixed individuals. The Wilcoxon test and mode-shift indicator detected a lack of genetic bottleneck indicating that Hair goats reared in Turkiye
have maintained their effective population size in recent past.

Conclusion: This study validates that used microsatellite markers are highly polymorphic and could be utilized for revealing genetic diversity in different local
goat breeds. The findings recovered in this study could be integrated into breeding and conservation programs, while further studies should adopt SNP array
technologies and next-generation sequencing platforms to reveal deeper knowledge about the genetic diversity and population structure of Anatolian goat
breeds.

Keywords: Genetic variability, genetic variation, small ruminants, SSR markers

Tiirkiye'de Yetistirilen Kil Kecilerinde Genefik Cesitlilik ve Darbogazin Molekiiler Degerlendirmesi

0z

Amag: Tlrkiye'de en ¢ok yetistirilen ve cografi dagilima sahip olan Kil kegisi, mikrosatellit DNA belirtecleri araciligiyla genetik gesitliligi ve populasyon yapisini
degerlendirmek igin molekdiler diizeyde taranmistir. Bu ¢alisma ayni zamanda Kil kegisinin yakin gegmiste etkin populasyon biyuklGguni koruyup korumadigini
degerlendirmek igin genetik darbogazin etkilerini arastirmayi amaglamistir.

Materyal ve Methot: Aydin ve Denizli illerinde Tarimsal Arastirmalar ve Politikalar Genel Mudurluga tarafindan baglatilan "Kil Kegisi Islahi" projesine katilan
ciftliklerden toplam 411 Kil kegisi 6rneklenmistir. Orneklenen hayvanlar, genetik cesitlilik, populasyon yapisi ve genetik darbogazin degerlendirilmesi icin 18
mikrosatellit lokusu ile genotiplendirilmistir.

Bulgular: 18 mikrosatellit lokusundan toplam 341 farkl alel gézlenmis olup, en yiiksek alel sayisi (26) ve etkin alel sayisi (10.18) sirasiyla INRAOO5 ve HSC
lokuslarinda tespit edilmistir. Gézlenen ortalama heterozigotluk (0.73) beklenen degerden (0.83) daha dustikken, tim lokuslarin oldukga bilgilendirici oldugu
ortaya ¢ikmistir (PIC>0.50). Faktériyel iligki analizi hayvanlari iki gruba ayirirken, bu gruplar arasinda genetik bir karigim tespit edilmistir. Ote yandan STRUCTURE
analizi, 411 hayvanin g atasal populasyondan tlredigini ve tglnci grubun karismis bireylerden olustugunu dogrulamistir. Wilcoxon testi ve mod kaymasi
grafigi, Turkiye'de yetistirilen Kil kegilerinin yakin gegmiste etkin populasyon buyukligiini korudugunu ve populasyonlarda herhangi bir genetik darbogazin
bulunmadigini ortaya koymustur.

Sonug: Bu calisma, kullanilan mikrosatellit belirteglerin oldukga polimorfik oldugu ve farkli yerel kegi irklarindaki genetik cesitliligi ortaya ¢ikarmak igin
kullanilabilecegi ortaya konmustur. Bu galismadan elde edilen bulgular islah ve koruma programlarina entegre edilebilme 6zelligine sahip olup, ileriki
calismalarda Anadolu kegi irklarinin genetik gesitliligi ve populasyon yapisi hakkinda daha derin bilgi edinmek i¢in SNP dizi teknolojileri ve yeni nesil dizileme
platformlari kullaniimalidir.

Anahtar Kelimeler: Genetik gesitlilik, genetik varyasyon, kiigiikbas, SSR markorleri
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INTRODUCTION

Although small ruminant rearing is mostly practiced in a traditional way by smallholder farmers in Tirkiye,
it plays a significant role in the agricultural sector in producing animal-derived products such as milk and meat.
According to Food and Agriculture Organization of the United Nations (FAQ) statistics, the goat population in
Tarkiye for 2022 is 11,577,862 individuals (FAOSTAT, 2022). Although the intensity varies according to the
regions, Hair goat, which is bred almost throughout the country, has a numerical superiority with a ratio of over
90%. Other local (Ankara, Norduz, Kilis, Aleppo, Gékceada, Honamli, Mahalli, ispir, Abaza, Kagkar, Georgian, etc.)
and exotic (Saanen, Maltiz, etc.) goat breeds and their crosses make up the remaining 10%.

While the number of goats in Tlrkiye was estimated at 24.6 million in the 1960s, this number decreased
to 7.1 million in 2011 (Semerci and Celik, 2016; Giinli and Mat, 2021). The "Goat Damage Reduction Action Plan"
(Anonymous, 2008), prepared by the Ministry of Environment and Forestry and targeting goat species, especially
the Hair goat breed, played a major role in this rapid numerical decrease. In the following years, due to the
positive measures implemented by the public sector, the number of goats increased slightly to just above 10
million heads, but it did not reach the levels of the previous decades.

Local goat breeds are expected to be well-adapted to their reared climatic zones due to most probably
developing adaptation against environmental stressors over generations via the natural selection (Demir et al.
2022). Hair goat breeding, which is carried out in a traditional structure throughout Tiirkiye, has an extensive
structure (Cedden et al., 2020). Hair goats play a significant role in meeting the livelihood and food needs of the
rural population residing in mountain villages near forests. In almost all regions of Turkiye, goat breeding is widely
practiced in mountainous, forested, and maquis areas under extensive conditions. It is considered that there is
uncontrolled mating in traditional extensive breeding, leading to populations seriously interbreeding.

Many studies (Daskiran et al., 2018; Elmaz et al., 2020; Demiraslan et al., 2021; Varol and Demirhan, 2022;
Karasahin et al., 2023) have revealed a wide phenotypic variation in Hair goat populations. The high phenotypic
variation revealed by these studies is also an important indicator of genetic variation (Gl et al., 2020; Demiray
et al., 2024). Therefore, it is also necessary to concretely demonstrate the genetic diversity in the population
using molecular genetic techniques.

Objective identification of the genetic structure of existing animal populations is of great importance for
breeding, conservation, and sustainable use of genetic resources. In Tiirkiye, several phenomena such as
reduction in population size, migration, non-systematic mating, topological differences among regions, and
farmer’s preferences are of potential to directly affect genetic diversity and population structure in livestock
species.

Therefore, this study aimed to investigate the genetic diversity in the Hair goat, which is the predominant
goat breed in Tirkiye, using microsatellite DNA markers at the molecular level. The study also aimed to assess
the population for genetic bottlenecks and to identify any genetic changes that may have occurred in population
structures.

MATERIAL and METHOD
Material

The animal material for the study comprised 411 hair goats from farms participating in the "Hair Goat
Breeding" project, initiated by the General Directorate of Agricultural Research and Policies in Aydin and Denizli
provinces. The distribution of the animal material sampled is provided in Table 1.

Table 1. Geographic distribution of sampling strategy
Tablo 1. Orneklem stratejisine ait cografik dagilim

Province District Farms N

Bozdogan 9 84

Cine 5 27

Aydin Karacasu 13 130

Kuyucak 1 33

Babadag 1 18

Denizli Cal 1 18

Honaz 2 101

Total 411
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Method
DNA Extraction

DNA isolation from blood samples taken from the jugular vein into vacuum tubes containing K3-EDTA was
performed using the salt precipitation method (Miller et al., 1988). After DNA isolation, the quantity and quality
of DNA were determined using NanoDrop 2000 (Thermo Scientific, USA).

Polymerase Chain Reaction (PCR) and Genotyping

In this study, a total of 411 animals were genotyped with 18 FAO (2011) recommended microsatellite
markers which were amplified as three multiplex groups (Table 2). Approximately 50 ng of DNA was used for the
PCR in which 0.10 uM primer, 0.20 mM dNTPs, 2.0 mM MgCl2, 1X PCR buffer, and 1 unit of Tag DNA polymerase
was used. The Touch-Down PCR method was used because the microsatellites in the multiplex groups formed in
the study had different annealing temperatures (Table 2).

Table 2. Thermal cycler conditions according to the touchdown PCR method

Tablo 2. Touchdown PCR ydntemine gére termal déngiileyici kosullari

Primer Name First Final

Multiplex i i
Denat. Annealing Extension Cycle Extention

Grup Denat.
INRA0023
INRAOOO5

M1 OarFCB20 95°C 95°C 60-50 °C 72°C 30 72°C

ILST0019 (5 dk) (40 sn) (40 sn) (1 dk) (10 dk)
BM1818
INRA0132
CSRD0247
McMO0527

M2

SRCRSP0005
ILSTS0087
SRCRSP0023

95°C
(5 dk)

95 °C
(40 sn)

60-50 °C
(40 sn)

72°C
(1 dk)

30

72°C
(10 dk)

HSC

BM1329

INRAO63

MAF0065 95°C 95°C 63-50°C 72°C 72°C

M3 SRCRSPO008 30
SRCRSP0024 (5 dk) (40sn) (40sn) (60 sn) (10 dk)

BM1258

Statistical Analysis

GenAlEx (Peakall and Smouse, 2012) was used to calculate number of alleles (Na), mean number of alleles
(MNa), number of effective alleles (Ne), observed heterozygosity (Ho), expected heterozygosity (He) values, and
to perform chi-square (x2) tests for Hardy-Weinberg equilibrium. The CERVUS 3.0.3 program (Kalinowski et al.,
2007) was utilized to compute polymorphic information content (PIC) and null allele frequencies. FSTAT 2.9.3
(Goudet, 2002) was used to calculate Wright's F-statistics (Weir and Cockerham, 1984; Wright, 1990), the
difference between breeds (DST), and the coefficient of gene difference (GST) parameters. Gene flow between
populations and population dynamics were determined through factorial relationship analysis using the "AFC sur
populations" module in GENETIX v4.05 (Belkhir, 2004).

The STRUCTURE program (Falush et al., 2003, 2007; Hubisz et al., 2009; Pritchard et al., 2010), which
models a set of probability distributions using the Bayesian approach, was utilized to describe how populations
are genetically structured and their relationships among each other. This approach helps the analysis produce
more reliable results by considering uncertainties. Independent allele frequencies and admixture models, which
are crucial for determining genetic variation and complexity within populations, were utilized in the analysis
conducted using the STRUCTURE program. In order to obtain reliable results in the STRUCTURE analysis, the
number of iterations was set to 20,000, and the number of Markov Chain Monte Carlo (MCMC) iterations used
to estimate the posterior distribution was set to 100,000. Different cluster values (K=2-7) were analyzed with 20
replications. CLUMPAK (Kopelman et al., 2015) was used to visualize the results obtained from STRUCTURE. The
optimal cluster (K) value was determined using the STRUCTURE HARVESTER program (Earl and Vonholdt, 2012)
with the formula AK = m|L"(K)| / s[L(K)], as proposed by Evanno et al. (2005).
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The obtained dataset was tested for genetic bottlenecks using 1000 simulations with Sign, Standardized,
and Wilcoxon tests under the Infinite Allele Model (IAM), Stepwise Mutation Model (SMM), and Two-Phase
Mutation Model (TPM) using Bottleneck 1.2.0.2 (Piry et al., 1999).

RESULTS

The microsatellite-based genetic polymorphism statistics for Hair goats reared in Aydin and Denizli
provinces, which constitute the animal material of the study, are given in Table 3.

Table 3. Polymorphism statistics of microsatellite loci

Tablo 3. Mikrosatellit lokuslarina ait polimorfizm istatistikleri

Wright’s F-statistics

Loci Na Ne Ho He PIC Dst Gst HWE F(Null)
Fis Fir Fst

INRAOOS 26 3.34 0.62 0.70 0.67 0.487 0.500 0.025 0.053 0.070 *xk 0.042
INRAOO23 17 9.35 0.73 0.89 0.88 0.191 0.203 0.015 0.040 0.044 *Ex 0.126
OARFCB20 25 6.74 0.84 0.85 0.84 -0.012 0.010 0.021 0.028 0.032 *Ex -0.010
ILTS0019 12 4.23 0.65 0.76 0.74 0.307 0.311 0.006 0.013 0.016 *xk 0.155
INRAO132 20 5.32 0.68 0.81 0.79 0.148 0.162 0.016 0.021 0.026 *Ex 0.099
BM1818 17 7.47 0.76 0.87 0.85 0.108 0.115 0.007 0.029 0.034 *Ex 0.070
BM1329 18 5.80 0.62 0.83 0.81 0.214 0.217 0.004 0.027 0.031 *xk 0.106
HSC 24 10.18 0.74 0.90 0.90 0.139 0.145 0.008 0.021 0.023 *xx 0.097
CSRD0247 21 7.13 0.92 0.86 0.85 -0.069 -0.056 0.012 0.061 0.070 xRk -0.041
McMO0527 15 6.54 0.72 0.85 0.83 0.130 0.146 0.018 0.046 0.054 *xx 0.104
SRCSRP0023 23 5.60 0.94 0.82 0.81 -0.163 -0.154 0.008 0.028 0.034 *xx -0.107
ILTS0087 15 6.15 0.75 0.84 0.82 0.080 0.087 0.008 0.019 0.022 xRk 0.028
SRCSRPO05 16 9.07 0.79 0.89 0.88 0.113 0.119 0.006 0.024 0.027 *xx 0.064
BM1258 18 8.97 0.60 0.89 0.88 0.296 0.299 0.005 0.029 0.032 *xx 0.021
SRCRSP0024 21 4.20 0.65 0.76 0.73 0.452 0.456 0.008 0.035 0.045 xRk 0.035
SRCRSP0008 21 5.59 0.69 0.82 0.80 0.270 0.282 0.016 0.029 0.035 xRk 0.178
INRAO63 12 3.62 0.65 0.72 0.68 0.525 0.531 0.014 0.024 0.032 *xx 0.014
MAF0065 20 8.57 0.70 0.88 0.87 0.195 0.199 0.005 0.047 0.054 ol 0.090
Mean 18.94 6.55 0.73 0.83 0.81 0.182 0.191 0.011 0.032 0.038

Na: number of alleles, Ne: effective number of alleles, PIC: polymorphic information content, Ho: observed heterozygosity, He: expected
heterozygosity, DST: the diversity between breeds, GST: coefficient of gene differentiation, HWE: Hardy-Weinberg Equilibrium, F(Null): null
allele frequency, * p<0.05, ** p<0.01, *** p<0.001

A total of 341 alleles were observed in 18 microsatellite loci. The highest number of alleles was observed
at the INRAOOS (26), while the highest effective alleles were found at the HSC (10.18). PIC values, which are
important indicators for understanding genetic diversity and population structure, varied between 0.67
(INRAOO5) and 0.90 (HSC). The average Ho value, which represents the ratio of heterozygous individuals in
relation to the microsatellites studied, was 0.73. The overall averages of Wright's F-statistic values were 0.182,
0.191, and 0.011 for FIS, FIT, and FST, respectively. The mean value of GST, which indicates the level of genetic
variation and is defined as the coefficient of gene variation, was 0.038 in the study. The overall mean of the
coefficient of variation between races (DST) was 0.032. All microsatellites used in the study deviated from Hardy-
Weinberg equilibrium. The null allele frequencies, which are crucial for assessing the accuracy and reliability of
genetic analyses, were below 0.20. Summary of genetic diversity parameters per population is given in Table 4.

Table 4. . Polymorphism statistics, the number of alleles not in Hardy-Weinberg equilibrium, and the number of unique alleles for populations.

Tablo 4. Populasyonlara ait polimorfizm istatistikleri, FIS degerleri, Hardy-Weinberg dengesinde olmayan allel sayisi ve 6zgiin allel sayilari

Heterozygosity NPA
Population MNA Fis HWE
Ho (SE) He (SE) (>%5) (<%5)
Aydin 16.89 0.66 (0.042) 0.82 (0.016) 0.194 18 - 75
Denizli 14.78 0.69 (0.045) 0.83(0.014) 0.176 17 - 37

MNA: Mean number of alleles, HWE: Hardy-Weinber Equilibrium, NPA: number of private alleles

Allelic diversity is an indicator of genetic diversity within a breed. The highest average allele number was
observed in the Aydin Hair goat population (16.89). When the FIS values, which are defined as the inbreeding
coefficient, were analyzed, there was no loss of heterozygosity in two different populations. The X2 test results
for Hardy-Weinberg equilibrium showed that 18 and 17 microsatellite loci were not in equilibrium in the Aydin
and Denizli populations, respectively. The Aydin population exhibited the highest number of unique alleles the
frequencies of which were lower than 5%. The graph of the factorial correspondence analysis (FCA) performed
to visualize the genetic relationships and structure among populations is shown in Figure 1.
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Figure 1. Factorial Correspondence Analysis (FCA) graph illustrating the relationship between hair goat populations in two distinct provinces

Sekil 1. iki farkli ilde yetistirilen Kil keci populasyonlari arasindaki iliskiyi gésteren Faktériyel iliski Analizi (FCA) grafi

gi

In the FCA graph, it is noteworthy that the hair goat populations raised in Aydin and Denizli provinces are

somewhat intertwined. STRUCTURE analysis results, including different clustering numbers (K

2-7), are

presented in Figure 2. The findings also include the estimation of posterior probabilities ([Ln Pr(X]|K)]) for

clustering numbers (K) and AK values, as shown in Table 5.
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Sekil 2. iki farkli ilde yetistirilen Kil keci popiilasyonlarindaki STRUCTURE analiz sonuglari (K=2

7)

The results of STRUCTURE analysis revealed that the studied populations were partially admixed. The

optimal number of ancestral populations

et al. (2005), was 3 (Table 5).

based on the AK value obtained using the method proposed by Evanno

’
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Table 5. . Estimated posterior probabilities [Ln Pr(X|K)], (K), and AK statistics for STRUCTURE analysis

Tablo 5. STRUCTURE analizine ait tahmini posterior olasiliklari [Ln Pr(X[K)], (K), ve AK istatistikleri

K [Ln Pr(X|K)] AK

2 -30098.20000 B

3 -29622.51000 49.60589
4 -29371.16000 0.30711
5 -29097.04500 0.22660
6 -28793.16000 4.01587
7 -28646.71000 -

The obtained dataset was tested using three different mutation models: the Infinite Allele Model (IAM),
Stepwise Mutation Model (SMM), and Two-Phase Model of Mutation (TPM) as reported by Cornuet and Luikart

(1996), Luikart and Cornuet (1998), and Piry et al. (1999) (Table 6).

Table 6. . Bottleneck analysis results based on three different mutation models

Tablo 6. Ug farkl mutasyon modeline gére gerceklestirilen darbogaz analiz sonuglari

Standardized

Wilcoxon rank test

Breeds Mutation Sign test differences test (one tail for H excess)
Hee Hed He P T2 P P

_ IAM 10.95 2 16 0.00988 2.482 0.00654 0.00168
H&\';g:;’t TPM 10.61 10 0.15564 -3.535 0.00020 0.87690
SMM 10.43 17 0.00000 -16.953 0.00000 1.00000

. IAM 10.87 2 16 0.00897 3.191 0.00071 0.00005
ngngi;?)t TPM 10.61 10 0.47231 -0.940 0.17365 0.60065
SMM 10.51 16 2 0.00005 -10.257 0.00000 0.99999

IAM: The infinite allele model, TPM: Two-phase mutation model, SMM: The stepwise mutation model, Hee: Expected number of loci with

heterozygosity excess, Hed: heterozygosity deficiency, He: heterozygosity excess

The expected numbers of loci with heterozygous excess in the two different goat hair populations studied
were found to be 10.61 (p>0.05) in the Wilcoxon rank test for the Aydin population and 10.61 (p>0.05) for the
Denizli population. In order to identify potential bottlenecks in the studied populations, a mode-shift plot was
generated using allele frequency classes of 18 microsatellite loci (Figure 3).
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Figure 3. Mode-shift graph for the bottleneck analysis of the hair goat populations studied

Sekil 3. Calisilan kil kegi popilasyonlarinda gergeklestirilen darbodaz analizine iliskin mode-shift grafigi

Aydin
= Denizli

An L-shaped graph consistent with the distribution ranges of the normal frequency class was obtained
from the mode-shift indicator.
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DISCUSSION and CONCLUSION

The number of alleles and the average polymorphic information content obtained indicate that the 18
microsatellite loci used in the study exhibit a very high level of polymorphism. The high frequencies of observed
heterozygosity and the average number of alleles at each locus are important indicators of the high genetic
diversity in the studied Hair goat populations. Molecular genetic parameter values such as Na, Ne, Ho, and He
obtained from the present study were higher than those reported in some studies (Agaoglu and Ertugrul, 2012;
Bulut et al., 2016; El-Sayed et al., 2016; Karsh et al., 2020) and lower than those in others (Murital et al., 2015;
Gl et al., 2020; Demiray et al., 2024). The Na and Ne parameters indicate that the microsatellite loci used in the
studied populations are highly polymorphic. On the other hand, the average PIC value supported the reliability
of this finding and was higher than the values reported in the literature (Li et al., 2008; Serrano et al., 2009;
Mahmoudi et al., 2010; Wang et al., 2011; Souza et al., 2012; Murital et al., 2015). This discrepancy in the
literature was attributed to variations in the breed, breeding methods, and microsatellites utilized in other
studies.

When the FIS values obtained are analyzed, it is noteworthy that there is a loss of heterozygosity in the
studied loci OarFCB20, CSRD0247, and SRCSRP0023. The average FST value for the studied loci indicates low
genetic diversity among populations. Considering that the animal material used in the study included individuals
of the same breed raised in different regions, it can be said that this finding is expected. The FST value obtained
was higher than reported in some literature (Li et al., 2008; Mahrous et al., 2013; Whannou et al., 2022; Demiray
et al., 2024). The GST value, which indicates the rate of genetic variation, demonstrates that 96.20% of the total
genetic variation can be attributed to differences among individuals. The overall average of the genetic diversity
value (DST) indicates that the diversity among populations is not high. As a matter of fact, this finding also
supports the previously mentioned FST and GST findings. Allele distributions of all microsatellite markers were
found to deviate from Hardy-Weinberg equilibrium. Animal material was obtained from the farms participating
in the breeding project. Within this context, selection practices are implemented on these farms as part of the
breeding program. Given this scenario, the deviations of the studied microsatellites from the Hardy-Weinberg
equilibrium seem to be a common occurrence.

The MNa and He values obtained for the populations in this study were higher than the values reported
in the literature (Li et al., 2008; Afroz et al., 2010; Mahmoudi et al., 2010; Mahrous et al., 2013). When the FIS
values, which represent the inbreeding coefficient, were analyzed, it was observed that there was no loss of
heterozygosity in two different populations. A total of 112 unique alleles were observed in the two populations
studied. The Aydin population exhibited the highest number of unique alleles. However, the frequency of all
unique alleles was below 5%. In other words, the ability of the unique alleles to distinguish between populations
is very weak. This is a result of working in a single breed.

When the FCA graph was analyzed, two different groups were observed. It was noted that some animals
from the animal material used in the study were outside of these groups. It is noteworthy that there is no clear
distinction between the two Hair goat populations, and some individuals are clustered in a separate group. As a
matter of fact, a similar situation is also observed in the results of STRUCTURE analysis. The AK value obtained
using the method described by Evanno et al. (2005) indicated that the optimal number of groups was 3. This
supports the results obtained in the FCA analysis. Although studies on the determination of genetic diversity of
Hair goats in different regions in Tlrkiye are limited, most of the studies conducted on goats in Turkiye have
revealed a similar population structure (Gl et al., 2020; Karsl et al., 2020; Demiray et al., 2024). Therefore, the
population structures identified in this study are consistent with those of other studies.

The IAM and SMM are known to cause inconsistent results in studies utilizing microsatellites. Therefore,
the TPM has been reported to be the most useful model for testing heterozygote redundancy in bottleneck tests
with microsatellites (Di Rienzo et al., 1994; Luikart et al., 1998; Piry et al., 1999). On the other hand, it has been
reported that the Wilcoxon test can be used with high confidence even in studies using a limited number of loci
(less than 20) for bottleneck analysis (Piry et al., 1999). In this context, the expected numbers of loci with
heterozygous excess in the TPM analysis and the results of the Wilcoxon test did not reveal any genetic
bottleneck in the Hair goat populations bred in Aydin and Denizli province. This is the most concrete indication
that animal transfers between farms are carried out in a systematic way. A similar situation in hair goats in Turkiye
(Agaoglu and Ertugrul, 2012) also revealed a similar situation.
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In conclusion, molecular genetic studies aimed at defining the variations among and within domestic goat
breeds in Tirkiye, particularly the Hair goat populations, which are bred in numerous regions and constitute the
majority of our goat population, are limited. In this context, this study is expected to make significant
contributions to the literature. The results obtained show that the diversity among individuals in the studied
populations is higher than the diversity among populations. This situation can be seen as an opportunity for
breeding programs and genetic resource conservation programs. The findings obtained in this study demonstrate
that the microsatellite markers utilized are polymorphic and can be effectively employed in genetic diversity
studies. The findings of this study clearly demonstrate that the microsatellites utilized can safely determine
genetic diversity in Hair goat populations.
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The Effect oi Age, Gender and Feeding Method on Some Body Measurements in Pony Horses

ABSTRACT

Objective: In this study; the effect of different ages, genders and feeding programs on the withers, rump heights and heart girth of pony breeds were

determined.

Material and Methods: Animal material of the research; It consists of a total of 67 pony breeds, 29 males and 38 females, aged between 2 and 25 years. Data
were taken from the pedigree records of the animals. Animals were distributed according to age groups < 7, 8 < x <11 and < 12; the effects of age, gender, the
number of meals and the amount of feed consumed daily preferred by breeders on body measurements were examined. The effects of age and gender on
body measurements and feeding method were examined.

Results: While overall body measurements increase significantly with age in pony breeds (P<0.05), the effect of gender was found to be insignificant. An
interaction was observed between age x gender in terms of withers height and hearth girth (P<0.05). It seems that the feeding method has no effect on body
measurements and is not taken into account by breeders.

Conclusion: Although the body structure in horses is formed between the ages of 4-6; the fat gain of older Pony breeds has caused the measurements to be
high. It is seen that a feeding program is not made according to age and activities in farms. However, it appears that there are different varieties within the
Pony breed.

Keywords: : Pony, Age, Gender, Feeding Method, Body Measurements

Yas, Cinsiyet ve Besleme Metodunun Midilli Atlarinda Bazi Viicut Olciilerine EtKisi
0z
Amag: Bu arastirmada; farkl yas, cinsiyet ve besleme programinin midilli irklarinin cidago ve sagri yiikseklikleri ile g6gus ¢evresine olan etkisi belirlenmistir.
Materyal ve Methot: Arastirmanin hayvan materyalini; 29 erkek, 38 disi olmak lizere toplam 67 adet 2 ila 25 yas arasindaki midilli tiiri olugturmaktadir. Veriler
hayvanlara ait pedigri kayitlarindan alinmistir. Hayvanlar, £ 7, 8 <x <11 ve 12 < yas gruplarina gore dagitilmis olup; yas, cinsiyet ve yetistiriciler tarafindan tercih
edilen 6gun sayisi ve glinlik tuketilen yem miktarinin viicut dlgllerine etkisi incelenmistir.

Bulgular: Midillilerde yasin artmasiyla birlikte genel olarak viicut dlglileri 6nemli derecede artar iken (P<0.05), cinsiyetin etkisi 6nemsiz bulunmustur. Cidago
yuksekligi ve gogus cevresi agisindan yas x cinsiyet arasinda interaksiyon goézlemlenmistir (P<0.05). Besleme metodunun viicut olgulerine etkisi olmadigi ve
yetistiriciler tarafindan dikkate alinmadigi gériilmektedir.

Sonug: Atlarda viicut gatisi 4-6 yag arasinda olusmasina ragmen; ileri yastaki midilli irklarinin yaglanmasi élgilerin yliksek ¢ikmasina sebep olmustur. Ciftliklerde
yasla birlikte aktivitelerine gore bir besleme programi yapilmadigi gorulmektedir. Bununla birlikte midilli irklari iginde varyasyonun yiiksek oldugu
disunilmektedir.

Anahtar Kelimeler: Midilli, Yas, Cinsiyet, Besleme Metodu, Viicut Olgiileri
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GIRIS

Midilli tirl gegmisten giiniimize binicilik, araba stirme ve yiik hayvani olarak yetistirildiklerinden, viicut
yapisi ile bu yetistirme amaclari arasinda iliskiler ortaya cikmistir (Akcapinar ve Ozbeyaz, 1999; Batu, 1962;
MacDonald, 1978). Viicut dlgiileri hayvanlarda gelismenin izlenmesinde énemli kriterlerdir. Atlarda dogumdan
sonra cesitli viicut olguleri alinarak gelisme izlenmektedir. Her irkin gesitli yas donemlerinde beden 6lguleri
ortalamalariile alt ve (st sinir degerleri vardir. Bu yas donemlerinde belirli viicut dl¢lilerine sahip olmayan atlarin
normal gelisme gostermedikleri kabul edilir. Vicut dlgllerindeki degisim sonucu tespit edilen gelisme ile atin
performansi arasinda bir iliski vardir. Irkina ait viicut 6lglleri gostermeyen atlarin performanslari akranlarina gore
genellikle duisiik olmaktadir. Ayrica viicut dlguleri irk tayininde de bir kriter olarak dikkate alinmaktadir (Arpacik,
1999). Viicut yapisi olarak viicudun gesitli bolimleri arasindaki uyum ile belli yaslarda gesitli viicut dlgtilerinin irk
dzelliklerine uyumu 6nemlidir (Akgapinar ve Ozbeyaz, 1999). Ayni irktaki atlar viicut yapisi bakimindan farkls
olabilmekte ve bu durum performansina etkili olabilmektedir. Bas, boyun, cidago, sirt, bel, sagri, gogus gibi gesitli
bolimlerin yapisi ve bu bolimler arasi uyumluluk performans Uzerine etkilidir. Vicut bélimleri arasindaki
uyumluluk ne kadar iyi olursa performansi da o kadar olumlu etkilenir (Barron, 1995; Ozbeyaz ve Akgapinar,
2007).

Taylarin erken donemdeki gelisme durumu gelecekteki potansiyellerini belirleyen énemli bir faktordar.
Butlin at irklarinda dogum ile 2 yag arasindaki donemde taylarin gelismeleri dikkatli bir sekilde takip edilmektedir.
Taylarin 2 yasindayken irkin ergin yastaki canh agirliginin %90’ina ve cidago yiksekliginin %95’ine ulagmalari
istenmektedir. Dogum ile 2 yas arasindaki donemde taylarin gelismesine bakim, beslenme ve idare basta olmak
Uzere birgok faktor etkili olmaktadir. Bu donemdeki gelisme diizeyi, atin gelecekteki performansi ve sagligini
dogrudan etkilemektedir (Kocher ve Staniar, 2013).

Atlarin ihtiyaglarina gore beslenmesi 6nemli olup, yetersiz veya asiri beslenme performansa etkili olur.
Atlarin besin madde ihtiyaglarinin belirlenmesinde idman ve yaris programi ¢ok &nemlidir (Sehu, 2002).
Beslenmede kullanilan yemin kalitesi ve hijyeninin iyi olmasi atin sagligini ve performansini artirir. fyi bir idman
programi yaris atlarinin potansiyellerinin ortaya konulmasina katki saglar. Yetersiz veya uygun olmayan egzersiz,
hem performansi hem de sakatlanmalari artirarak sagligi olumsuz etkiler (Frape, 1994; Hinchcliff ve ark., 2008).

Cinsiyet, performansi etkileyen diger bir faktordir (Buxadera ve Mota, 2008). Nitekim aygirlarin kas ve
kemik yapisinin daha fazla gelismis olmasi ve adimlarinin daha uzun olmasi avantaj saglamaktadir. Bu durum
erkek taylara satista fiyat Ustiinligi de saglamaktadir (Ozbeyaz ve Ak¢apinar, 2007).

Atlara yeterli miktarda protein, yag ve karbonhidrat glinlik olarak verilmelidir. Yedikleri yem miktari kadar
kaba yem yemelidirler. Ozellikle kuru ot tok kalmalari ve sindirimlerinin rahat olmasi icin dnemlidir. Ogiinlerin
azar azar sik sik verilmesi gerekmektedir (Rose ve Hodgson, 2000).

Son yillarda, atlarin irk 6zelliklerini tespit eden ve beslenme ydnetimini iyilestirmek igin birgok calisma
yapilmasina ragmen, midilliler Gizerine galismalarin az olmasi sebebiyle, literatiir sayisi yetersizdir. Bu galismanin
amaci, gesitli yas gruplari ve farkh cinsiyetteki midillilerde cidago ve sagr yuksekliginin, goglis cevresi olglleri ile
birlikte beslenme programina etkilerini incelemektir.

MATERYAL ve METOT
Hayvan Materyali

Arastirma materyali olarak 29 erkek ve 38 disi olmak Uzere toplam 67 adet 2 ila 25 yas arasindaki Midilli
irklari kullanilmistir. Hayvanlarin verileri Adana, Mersin, izmir, Ankara, Antalya, Gaziantep, istanbul, Osmaniye,
Sanlurfa, Nigde, Yalova, Isparta, Hatay, Kayseri ve Van illerinde bulunan 6zel isletmelerden alinmistir. Deneysel
ve Diger Bilimsel Amaglar icin Kullanilan Hayvanlarin Refah ve Korunmasina Dair Yonetmeligin (13.12.2011 tarih
ve 28141 sayili Resmi Gazete) 2. maddesi ikinci fikrasi hitkmii geregince izin alinmistir (Adana il Tarim ve Orman
Middirlaga, Sayi: E-74530962-325.99-10509663).

Metot

Yas verileri, 2 ila 7 yas (£ 7), 8 ila 11 yas (8 < x £11) ve 12 ila 25 yas (12 <) seklinde kategorize edilmistir.
Veriler hayvanlara ait pedigri kayitlarindan alinmistir. Calismaya dahil edilen midilliler bireysel barindiriimakta,
altlik olarak talas serilmektedir. Ahirlar betondan yapilmis olup 3x4x3 m biyuklugiindedir. Ahirlar yan yana olup,
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aralari beton ile tamamen kapalidir ve atlar ahir iginde birbirlerini gormemektedir. Atlara diizenli olarak sabah
aksam timar yapilmakta ve altliklari temizlenmektedir. Midilliler ahirlarinda bulunan otomatik suluk ve
padoklardaki su teknesi ile istedikleri zaman temiz suya ulasabilmektedir. Glnlik 2 kg yulaf, 1 kg arpa, 2 adet
elma, 2 adet havug ve 3 kg kuru ot yem olarak verilmektedir. Calismaya alinan Midilliler binek olarak kullaniimakta
ve ¢ocuklar bindirilmektedir.

Alinan olguler;
Cidago Yuksekligi (CY): Cidago bolgesinin tepe noktasi ile zemin arasindaki dikey mesafe.
Sagr Yiksekligi (SY): Sacrumun tepe noktasi ile zemin arasindaki dikey uzaklik.

GOgus Cevresi (GC): Scapula’nin arkasindan gogus kafesini cevreleyen dairesel 6Igi]di]r (Paksoy ve Unal, 2019).

P!ll

[HE?

CY ctdago yuksekllgl GC: gbgdis gevresi, SY: sagn yuksekllgl

Sekil 1. Midillilerden 6lgiilerinin temsili gsterimi

Figure 1. Representative representation of the measurements
istatiksel Analiz

Hesaplamalarda SPSS (ver.25) istatistik paket programi kullanilmistir. Arastirmada incelenen 6zelliklere
gore sabit faktorler yas, cinsiyet, 6glin sayisi ve yem miktari olarak belirlenmistir. Verilerin tanimlayici istatistikleri
ortalama olarak verilmis olup, normallik incelemeleri; Shapiro-Wilk testi kullanilarak gergeklestirilmistir. Vicut
Olgulerinin etkilerinin incelenmesinde tek degiskenli genel dogrusal model kullanilmistir. Ortalama degerler
arasindaki farkhhklarin nem kontroliini belirlemek igin Bonferroni ¢oklu karsilastirma testi kullanilmistir (Kaya
Basar, 2022). Bu modele gére;

Yijk = u + ai + bj + abij + eijk denklemi olusturulmustur.
Yijk = i. yas, j. cinsiyetten midillinin viicut dlgleri degerleri
u= Beklenen ortalama

ai=Yas grubu (i: 1-3; 2ila 7, 8ila 11,12 ila 25 )

bj= Cinsiyet grubu (j: 1-2; Erkek, Disi)

abij = Sabit faktérler arasindaki interaksiyon

eijk= Hata terimidir
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BULGULAR

Cizelge 1, farkli yas ve cinsiyetteki Midilli irklarinin cidago yuksekligi, sagri yiksekligi ve gégiis cevresinin
ortalama degerleri ve ortalamanin standart hatalarini géstermektedir.

Cizelge 1. Yas ve cinsiyete gére Midilli irklarinin bazi viicut élgiileri ortalamalari ve ortalamanin standart hatalar

Table 1. Averages of some body measurements and standard errors of mean for pony breeds according to age and gender

Yas Cinsiyet N Cidago Yiiksekligi, Sagn Yiiksekligi, Gogiis Cevresi,
(cm) (cm) (cm)
E 14 106.43 +5.12 108.71 £5.15 125.89 +5.09
<7 D 6 104.33 +£7.83 104.67 = 7.86 122.50 +7.78
E 15 125.33 £4.95 126.73 £4.97 142.13 £4.92
8<x<I1 D 10 105.40 + 6.06 105.40 £ 6.09 122.60 + 6.03
E 9 114.00 £ 6.39 115.56 = 6.42 130.67 + 6.35
12< D 13 126.15+5.32 126.15 +5.34 145.00 +5.29

Cidago ve sagn yukseklikleri ile gégiis cevresinin en yiksek ortalama degerleri, 8 ila 11 yas arasindaki
erkekler ile 12 ve daha buyik yastaki disi Midilli irklarinda gorilmustir. Cizelge 2'de yas ve cinsiyetin bu vicut
Olgulerine etkisi verilmektedir.

Cizelge 2. Yas ve cinsiyetin Midilli irklarinin bazi viicut élgiilerine etkisi

Table 2. The effect of age and gender on some body measurements of the pony breeds

Faktorler N Cidago Yiiksekligi Sagri Yiiksekligi Gagiis Cevresi
(cm) (cm) (cm)
Yas
<7 20 105.31° 106.69 123.8%°
8<x<11 25 115.37% 116.07 132.37%
12< 22 120.08° 120.86 137.83°
OSH! 4.25 4.27 4.22
P * _ *
Cinsiyet
Erkek 29 115.25 117.00 132.70
Disi 38 111.96 112.07 130.03
OSH! 4.92 4.94 4.89
p R R -
interaksiyon
Yas x Cinsiyet * - *

Ayni siitunda bulunan farkl (st simgelere sahip ortalamalar 6nemli 6l¢iide farklidir (- > 0,05; * < 0,05).

Cidago yuksekliginin yasin artmasiyla birlikte arttigi gériilmustir (P<0.05). Erkeklerin ise 115.25 cm ile
disilere goére yiksek bulunmustur. Sagn yiksekligi yas ile birlikte artmasina ragmen onemli bir fark
olusturmamustir. Erkeklerde ise 117 cm ile disilere gore yliksek bulunmustur. Gogls cevresinin yas ile dogrusal
olarak arttigi gorilmektedir (P<0.05). Erkeklerin diger 6lciilerde oldugu gibi nemli bir fark olusturmasa da 132.70
cm ile disilerden daha yiksek bulunmustur. Cidago yiksekligi ve gbgis cevresi bakimindan yas x cinsiyet arasinda
interaksiyon goézlemlenmistir (P<0.05). Cizelge 3’te 6glin sayisi ve glnlik tiketilen yem miktarina gore vicut
Olgileri ortalamalari verilmektedir.
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Table 3. Average body measurements of pony breeds according to the number of meals and the amount of feed consumed daily

Cizelge 3. Ogiin sayisi ve giinliik tiiketilen yem miktarina gére Midilli irklarinin viicut élciileri ortalamalari

Ogiin Sayisi / g Yem Miktan, kg N Cidago Yuksekligi, cm Sagr Yiksekligi, GOgis Cevresi,
cm cm

2 22 112.82+4.36 114.14 +4.37 132.05 +4.35

2 3 5 131.80+9.14 131.80+9.16 146.60 +9.12

4 16 112.00+5.11 133.06 +5.12 129.69 +5.10

2 3 125.00 + 11.79 128.00 + 11.83 146.00 £ 11.78

3 3 18 112.06 +4.81 112.78 +4.83 128.73+4.81

4 3 130.33+11.79 130.67 £11.83 146.67 +11.78

Ogiin sayisi 2 olan midillilerde 3 kg yem tiiketenler yiiksek bulunurken, 6giin sayisi 3 olanlarda 4 kg yem
tiketenler yiksek bulunmustur. Cizelge 4’te 6gn sayisi ve ginliik tiiketilen yem miktarinin viicut dlgilerine etkisi
gorilmektedir.

Table 4. The effect of farm, year, type of birth, and sex on birth and weaning weight in Akkaraman sheep

Cizelge 4. Akkaraman koyunlarinda isletme, yil, dogum tipi, cinsiyetin dogum ve siitten kesim agirhgina etkisi

Faktérler N Cidago Yiiksekligi Sagn Yuksekligi Gogus Cevresi
(cm) (cm) (cm)

Ogiin Sayisi / g

2 43 118.87 119.67 136.11
3 24 122.46 123.82 140.46
OSH! 6.91 6.93 6.90

Yem Miktari / kg

2 25 118.91 121.07 139.02

3 23 121.93 122.29 137.66

4 19 121.17 121.87 138.18
OSH? 5.96 5.98 5.95

P - - -
interaksiyon

Ogiin Sayisi x Yem Miktari * * -

Ayni siitunda bulunan farkl (st simgelere sahip ortalamalar 6nemli 6l¢iide farklidir (- > 0,05; * < 0,05).

Ogiin sayisi ve glinliik tiiketilen yem miktarinin viicut élgiilerine etkisi olmadigi gériilmektedir. Ogiin
sayisi ve yem miktarina bagh olarak dogrusal bir artis veya azalma olmadigi gérilmektedir. Cidago ve sagri
ylksekligi bakimindan 6glin sayisi x yem miktari arasinda gortlen interaksiyon yiiksek varyasyon sonucu oldugu
disunilebilir (P<0.05).

TARTISMA ve SONUC

Midillilerin cidago ve sagr yukseklikleri genellikle benzer 6lglilerdedir (McEwen ve Farrington, 2007).
Ancak, yapilan galismada sagrinin cidagoya goére biraz daha yiiksek olabilecegi gozlemlenmistir. Cidago yuksekligi,
atcilik performansiyla sikga iliskilendirilen dnemli bir dlgiidiir (Paksoy ve Unal, 2019). Erkek atlarin genellikle
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cidago ve sagri yiksekliklerinin disilere kiyasla daha fazla olmasi beklenir (Arpacik, 1999; McEwen ve Farrington,
2007). Bu galismada, 7 yasina kadar olan gruplarda erkek midillilerin Olgileri literatlrle uyumlu olarak yiiksek
bulunmustur, ancak 12 yas ve Uzerindeki disi midillilerin beslenme aliskanliklarindan kaynakli olarak olgilerinin
artmasi mimkiinddar.

Midilliler, gevis getirmeyen tek mideli Equus cinsine aittir. Beslenme aliskanliklarinin midillilerin gelisimi
Uzerinde olumlu etkileri oldugu bildirilmistir (Ralston, 1984). Ancak, bu calismada midillilere giinde 2-3 kez
besleme yapildigi belirlenmistir. Beslenme sikliginin hem kalin hem de ince barsaklardaki besinlerin tutulma
suresi ve sindirim Grinlerinin ince barsak mukozasindan lenf sistemine ve kan dolasimina gegme siirecinin barsak
emilimiyle iliskili oldugu bilinmektedir (Ralston, 1994). Metabolik ipuglarina dayanarak, ginlik olarak 3-4 kez
beslemenin, metabolize edilebilir enerji depolarini yansitarak daha dengeli bir beslenme saglayabilecegi
Onerilmektedir.

Atlarda viicut ¢atisinin 4-6 yaslari arasinda olustugu bilinmektedir (Arpacik, 1999). Kemik ve kas dokusu
tamamlanmis olan ileri yaslardaki midillilerin biyiime evreleri tamamlandigi igin bu dénemden sonra yaglanma
egiliminde olduklari tim diger hayvanlara benzer sekilde ortaya ¢ikmaktadir (Potter ve ark., 2024). Bu durum,
Olglilerin gen¢ hayvanlardan daha yiiksek ¢ikmasinin nedeni olarak sdylenebilir. Midilli tiriinln yetistirildigi
ciftliklerde, yasa bagli olarak besleme miktari ve sikligina yonelik bir program olusturulmasi 6nemlidir. Ayrica,
midilli tlrd icindeki varyasyonlar goz 6ninde bulundurularak, tir igindeki tip sabitlenmesi icin calismalara
odaklaniimalidir.

Bu bulgular, midillilerin cidago ve sagri dlgciimlerinin beslenme aliskanliklari ve yaslarina bagli olarak
degisebilecegini ve bu faktorlerin saglk ve performans Gzerinde 6nemli etkileri olabilecegini géstermektedir. Bu
nedenle, midilli yetistiricilerinin ve sahiplerinin, besleme programlarini dikkatlice gozden gegirerek ve yasa uygun
bir sekilde dizenleyerek midillilerin sagligini ve performansini optimize etmeye ¢alismalari beklenen performansi
artirmasi bakimindan énem tasimaktadir.

Tesekkiirler: -

Veri kullanilabilirligi: Veriler makul talep lzerine saglanacaktir.

Yazar katkilari: Makalenin hazirlanmasinda tim yazarlar esit katkida bulunmustur.
Cikar ¢atismasi: Bu calismada yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur

Etik beyan: Deneysel ve Diger Bilimsel Amaglar icin Kullanilan Hayvanlarin Refah ve Korunmasina Dair
Yonetmeligin (13.12.2011 tarih ve 28141 sayili Resmi Gazete) 2. maddesi ikinci fikrasi hiikkmi geregince izin
alinmistir (Adana il Tarim ve Orman Midrligi, Sayr: E-74530962-325.99-10509663).

Finansal destek.: -.

Makale agiklamasi: Bu makale Editér Cagri KANDEMIR tarafindan diizenlenmistir.
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Determination of the Efiect of C(innamon 0il Addition to Ration on Rumen Degradability
Parameters of Some Organic and Conventional Wheat*
ABSTRACT

Objective: The aim of the study was to determine the effect of cinnamon oil addition to ration on rumen degradability parameters of organic and conventional
wheat by using nylon bag technique.

Materials and Methods: : In the study, were used three Menemen sheep (3 years old, 45-50 kg body weight) as animal material. In the study, rumen
degradability, degradability parameters and effective degradability of dry matter (DM), organic matter (OM) and starch (ST) contents of organic and
conventional forms of energy source of wheat were determined by using nylon bag technique according to the 0, 4, 8, 16, 24 and 48 hours (h) incubation
periods with and without addition of cinnamon oil to the ration of fistulated sheep.

Results: The addition of cinnamon oil to the ration did have a significant effect on the DM, OM and ST degradability; the DM, OM and ST degradability
parameters B and A+B; ST degradability parameters c; effective DM, OM and ST degradability for the 0.02 h-1, 0.05 h-1 and 0.08 h-1 of rumen outflow rates
of organic and conventional wheat (P<0.05).

Conclusion: The DM, OM and ST degradability, degradability parameters and effective degradability of organic and conventional wheat were significantly
affected by the addition of cinnamon oil to the ration. Studies that are more comprehensive are needed on this subject.

Keywords: Cinnamon oil, organic wheat, conventional wheat, nylon bag technique

Rasyona Tarcin Yagl ilaves_i_nin Organik ve Konvansiyonel Bugdayin Rumende Parcalanabilme
Ozellikleri Uzerine Etkisinin Belirlenmesi*
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Amag: Bu ¢alismanin amaci, rasyona targin yagi ilavesinin organik ve konvansiyonel bugdayin rumende pargalanabilme 6zellikleri Gzerine etkisini naylon torba
tekniginden yararlanarak belirlemektir.

Materyal ve Methot: Calismada hayvan materyali olarak Menemen genotipine ait 3 yasinda ve yaklasik 45-50 kg canh agirhginda lic adet ergin rumen fistulli
kog kullanilmistir. Rasyona targin yag ilave edilerek veya edilmeden kullanilan konvansiyonel ve organik bugdayin naylon torba teknigiile 0, 4, 8, 16, 24 ve 48
s’lik inklibasyon periyodlarinda kuru madde (KM), organik madde (OM) ve nisasta (Ns) igeriklerinin rumende pargalanabilirlikleri, pargalanabilirlik parametreleri
ve etkin pargalanabilirlikleri belirlenmistir.

Bulgular: Rasyona targin yagi ilavesinin organik ve konvansiyonel bugdayin 4, 8, 16, 24 ve 48 s’lik inklibasyon periyotlarindaki KM, OM ve Ns pargalanabilirlikleri,
KM, OM ve Ns parcalanabilirliklerine ait parametrelerinden B ve A+B ile Ns pargalanabilirlik parametresindeki c dahil, etkin KM, OM ve Ns pargalanabilirliklerine
ait, 0.02 s-1, 0.05 s-1 ve 0.08 s-1 gegis hizlari arasindaki farkhihklar dnemli bulunmustur (P<0.05).

Sonug: Rasyona targin yag ilavesi ile organik ve konvansiyonel bugdayin KM, OM ve Ns pargalanabilirlikleri, parcalanabilirlik parametreleri ve etkin
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Effect of Cinnamon Oil Addition on Wheat Degradability

GIRIS

Ruminant hayvanlarin beslenmesinde rumen fermantasyonu sirasinda olusan kayiplarin azaltilmasi hem
karliligin artirlmasi hem de gevre dostu Uretim igin dnemlidir. Son yillarda ruminant hayvan vyetistiricili§inde
aromatik bitkiler, bitkisel ekstratlar ve esans yaglarin konvansiyal ve organik lretimde kullanimi artmistir.
Bunlardan biri de targin esans yagidir. Targin bitkisinin, Lauraceae familyasina ait, Cinnamomun cassia,
Cinnamomum verum ve Cinnamomum zeylanicum gibi birgok tlrl bulunmaktadir. Esans yag tretiminde diinyada
en ¢ok kullanilan, ucuz bir bitkidir. Kabuklari ve yapraklari baharat olarak kullanilmaktadir (Jayaprakasha et al.,
2003; Roy, 2014). Targin yagi bitki tirine bagli olarak bir ¢ok aktif bilesik (a-pinen, camphene, limonin vb.)
icermekle birlikte 6zellikle sinnamaldehit ve eugenolce zengindir (Ferme ve ark., 2008). Lauraceae familyasina ait
olan targinin kabugundan dUretilen esans yaginin temel bilesenleri (E)-cinnamaldhyde, benzaldehyde, (E)-
cinnamyl acetate, limonene ve eugenol’diir (Unlii ve ark., 2010). Targin yaginda % 75 oraninda sinnamaldehit (3-
fenil-2-propenal fenol; C9H80) bulunmaktadir (Calsamiglia ve ark., 2007ab). In vitro ¢alismalarda targin yapragi
yaginin rumende gaz olusumunu baskiladig, 5mM diizeyinde metan (retimini dnemli olgide dusirdigi
gozlenmistir (Macheboeuf ve ark., 2008). Cardozo ve ark. (2005) tarafindan yapilan ¢alismada targin yagi ve
cinnamaldehyde ilavesi rumende asetat/propiyonat oranini yikseltirken toplam rumen ugucu yag asitleri (UYA)
konsantrasyonunu azaltmistir.

Bugday ruminant hayvanlarin beslenmesinde kullanilan énemli bir enerji kaynagidir. Yapisinda yiksek
miktarda nisasta bulunmasinin yaninda proteinler, lifler, lipitler, vitaminler, mineraller ve fitokimyasallar gibi
diger onemli besin maddelerini de 6nemli diizeylerde icerir. Genel olarak bugdayin yapisinda % 78.10
karbonhidrat, % 14.70 protein, % 2.10 lipit, % 2.10 mineral ve 6nemli diizeyde vitamin (tiyamin ve B vitamini
kompleksi) bulunur. Ayrica bugday selenyum ve magnezyum gibi degerli bir mineral madde kaynagidir (Shewry
ve ark., 2006; Topping, 2007). Bugday tanesinin kimyasal bilesimi, 6zellikle nisasta ve ham protein icerigi, tohum
tipine, yetisme yerine, iklime, giibrelemeye gore oldukc¢a degisken olabilir (Zijlstra ve ark., 2001; Kim ve ark.,
2005). Umucalilar ve ark. (2003) naylon torba teknigi kullanarak yaptiklari calismada bugdayin 0, 4, 8, 16, 24 ve
48 saatlik inklibasyon periyodlarinda in situ pargalanabilirlik derecelerini sirasiyla % 34.3, % 47.6, % 61.3, % 73.7,
% 78.5 ve % 82.9 olarak; etkin kuru madde pargalanabilirliklerini rumenden gegis hizi 0.02 s-1, 0.05 s-1 ve 0.08 s-
1icin sirasiyla % 76.0, % 69.0 ve % 65.2 olarak saptamislardir. Seven ve ark. (2003) bugdayin naylon torba ile 24
saatlik inkiibasyonda organik madde pargalanabilirligini % 78.61 olarak tespit etmislerdir. Deniz ve ark. (2003)
tarafindan yapilan bir calismada 0, 4, 8, 16, 24 ve 48 saat siireyle rumende inkube edilen bugdayin kuru madde
parcalanabilirlik degerleri sirasiyla % 41.68, % 81.62, % 84.52, % 90.28, % 89.99 ve % 92.45 olarak bildirilmistir.
Yilmaz (1994) bugdayi 24 saat siireyle inkiibasyona tabi tutmus ve organik madde parcalanabilirligini % 90.07,
kuru madde pargalanabilirligini ise % 88.08 olarak tespit etmistir. Turgut ve ark. (2002) bugdayi naylon torbalarda
4, 8, 16, 24 ve 48 saat siireyle rumende inkiibasyona tabi tutmus ve inklibasyon siirelerine gére kuru madde
parcalanabilirlikleri % 68.05, % 79.15, % 86.78, % 93.55, % 95.30; organik madde pargalanabilirlikleri % 65.68, %
78.39, % 86.07, % 93.24, % 95.10; kuru madde pargalanabilirliklerine ait a, b, a+b ve c parametreleri % 46.88, %
48.87, % 95.75 ve 0.1430/s; organik madde parcalanabilirliklerine ait a, b, a+b ve c parametreleri ise % 43.67, %
51.89, % 95.56, 0.1448/s olarak bulunmustur. Yapilan baska bir calismada Ocak (1997) tarafindan bugdayin kuru
madde parcalanabilirligine ait Neway programindan elde edilen a, b, a+b ve c pargalanabilirlik degerleri sirasiyla;
% 32.49, % 62.14, % 94.63 ve 0.1176/s; organik madde parcalanabilirligi degerleri % 32.86, % 64.65, % 97.51 ve
0.1288/s olarak saptanmistir. Cerci ve ark. (2004) tarafindan yapilan diger bir caismada bugdayin naylon torba
teknigiile 4, 8, 16, 24 ve 48 saatlik inkiibasyon periyodlarinda kuru madde pargalanabilirliginin sirasiyla; % 40.06,
% 56.18, % 67.02, % 79.89 ve % 86.21; organik madde parcalanabilirliklerinin ise sirasiyla % 38.12, % 54.91, %
62.54, % 78.61 ve % 84.85 oldugu bildirilmistir.

Gunldmiizde tarimsal iretimde saglikli Grinlerin elde edilmesi, hayvan refahinin dikkate alinmasi, ¢cevrenin
korunmasi giderek daha 6nemli hale gelmekte ve organik Gretim yayginlasmaktadir. Organik hayvansal tretimde
kullanilacak her tirli yem ve yem katki maddelerinin organik olmasi gerekmektedir. Dolayisiyla organik olarak
Uretilen yemlerin rumende degerlendiriimesine iliskin verilerin elde edilmesi 6nem tasimaktadir. Literatir
incelemesi sonucunda rasyona tarc¢in yagl ilave edilerek organik ve konvansiyonel bugdayin naylon torba
tekniginden yararlanarak rumende inkiibasyon periyodlarina gore pargalanabilirlikleri ile ilgili ¢alisma
saptanamamistir. Dolayisiyla bu ¢alismada rasyona targin yagi ilave edilen ve edilmeyen organik ve konvansiyonel
bugdayin; oldukga pratik ve etkili bir ydntem olan naylon torba teknigi uygulanarak rumende kuru madde, organik
madde ve nisasta pargalanabilirliklerinin belirlenmesi amaglanmistir.
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MATERYAL ve METOT
Hayvan Materyali

Arastirmada hayvan materyali olarak, Menemen genotipine (% 75’i lle de France ve % 25’i Tahirova) ait 3
yasinda ve vyaklasik 45-50 kg canli agirhginda t¢ adet rumen fistiilli kog kullanilmistir. Hayvanlar E.U.Z.F.
Menemen Uygulama ve Arastirma Ciftligi'nden temin edilmis olup, rumen kanilleri 6zel bir klinikte yapilan
operasyonlar ile takilmistir. Rumen kanillii koglarin beslenmeleri ve bakimi @rskov ve McDonald (1979); @rskov
ve Bhargava (1987) tarafindan bildirilen 6neriler dogrultusunda yapilmistir. Bu amagla rumen kanulli koglarin
gunlik beslenmeleri enerji bazinda yasama payi x 1.25 diizeyinde yapilmis ve optimal selltlatik aktivitenin
olusmasi icin rasyonlarinda kaba yem-yogun yem orani 60:40 olarak sabit tutulmustur. Yemleme sabah ve aksam
olmak lizere iki 6glinde ve esit miktarlarda yapilmistir. Ayrica Onlerinde sirekli olarak taze ve temiz su
bulundurulmustur. Rumen kanilli koglar, deneme siiresince bireysel bdélmelerde (77x133x110 cm)
barindiriimistir. Kanullerin etrafindaki yapagi iki haftada bir kirkilarak, bu bolgeler dezenfektanh ihk su ile
temizlenmistir.

Yem Materyali

Arastirmanin yem materyalini ruminantlarin beslenmesinde enerji kaynagi olarak kullanilan organik ve
konvansiyonel bugday olusturmustur. Organik ve konvansiyonel bugdayin besin maddesi icerikleri Tablo 1'de
verilmistir. Bu yemler, rasyona hem targin esans yagi ilave edilerek hem de ilave edilmeden rumene sarkitilmistir.
Denemede kullanilan targin esans yaginin bilesimi Tablo 2’de verilmistir. Hayvanlara glinde 750 g yonca kuru out
(143.0 g/kg HP ve 2003 kcal/kg metabolik enerji (ME) igerikli), 500 g toklu besi yemi (146.0 g/kg HP ve 2754
kcal/kg ME icerikli) sabah ve aksam 6glinlerine bolinerek verilmistir. Bu glinlik rasyonlar hayvanlara sabah ve
aksam olmak tzere iki 6glinde ve esit miktarlarda hazirlanmistir. Toklu besi yemi 7000 U/kg vitamin A, 700 U/kg
vitamin D3, 25 mg/kg vitamin E, % 1.1 kalsiyum, % 0.4 fosfor, % 0.25 sodyum icermektedir. Calismanin rasyona
tarcgin yagi ilave edilen kisminda ise her sabah 250 g toklu besi yemine 5 ml tarcin yagi puskirtiliip ahsap spatula
yardimiyla karistirilarak hayvanlara tiikettirilmis, toklu besi yemini yedikten sonra 375 g yonca kuru otu
verilmistir. On dénem yemlemesi 10 giin tutulmustur. On dénemde hayvanlar rasyonlarinda targin yag
tiiketimine alismis ve rumenlerinde uygun ortam olusturulmustur. On dénemden sonra da hayvanlarin
rasyonlarina targin yagi ilave edilmeye devam ederken ayni arastirma materyali yemlerle naylon torba teknigi
uygulanmistir. Yem orneklerinin KM, OM, HP, Ns ve HY icerikleri AOAC (1997) de bildirilen metotlara gore
belirlenmistir. inkiibasyon déncesi OM, HP ve Ns miktarlarinin belirlenmesi igin 6ncelikle yemler 1 mm’lik elekle
o0guttlmis ve KM analizi yapilmis ve kuru 6rnekte OM, HP ve Ns miktarlari tayin edilmistir.

Table 1. Nutrient content of experimentel feeds

Tablo 1. Arastirma yemlerinin besin maddesi igerikleri

Besin Maddesi igerikleri

Yemler KM oM HP HY Ns

% g/kg KM g/kg KM g/kg KM g/kg KM
Konvansiyonel bugday 88.99 982.0 136.5 13.9 590.4
Organik bugday 89.74 969.4 163.8 24.0 506.2

Organik kosullarda retilen organik bugday (iriin sertifikasi: TR-OT-002-i-0108-1355) uluslararasi
sertifikal 6zel bir firmadan temin edilmistir. Calisma Ege Universitesi Hayvan Deneyleri Yerel Etik Kurulu onayi ile
yapilmistir (2009-48).

Table 2. Composition of cinnamon essential oil used in the experiment

Tablo 2. Denemede kullanilan targin yaginin bilesimi

Etken Maddeler Miktar (%)
Benzenemethanol 18.44
2-Propenal, 3-Phenyl- 2-Propenal, 3-Phenyl 29.82
Cinnamaldehyde Propylene Glycol Acetal 51.74

Arastirmada kullanilan targin yagi ticari bir firmadan temin edilmistir. Tar¢in yaginin etkicil madde igerigi
Ege Universitesi ila¢ Gelistirme ve Farmakokinetik Arastirma Uygulama Merkezinde (ARGEFAR) gaz
kromotografisi ile saptanmistir.
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Metot

Naylon torba tekniginde kullanilan materyallerin hazirlanmasi: Yem 6rneginin rumende inkibasyonu igin
eni 9 cm, boyu 14 cm, gozenekleri ise yaklasik 40 u2 civarinda olan naylon torbalar kullaniimistir. Teknige 6zel
olan bu naylon torbalarin kauguk lastikler ile baglanarak, rumene sarkitiimasinda ise 25-30 cm uzunlugunda
serum hortumu benzeri plastik hortumlardan yararlaniimigtir. Naylon torbalar ve plastik hortumlar iyice
yikandiktan sonra pek ¢ok defa kullanilmigtir. Yikama islemi, naylon torbalarin gézeneklerinin agik kalmasini
sagladigiigin gok 6nemlidir. Temizligin ilk asamasinda naylon torbalarin igcindeki yem drnekleri bosaltiimis ve daha
sonra da torbalar ters yiiz edilerek kalan yem o&rnegi kalintilarinin da dokilmesini saglayacak sekilde
silkelenmislerdir. ikinci asamada torbalar sicak su dolu bir kap icinde bir gece bekletilmisler ve daha sonra camasir
makinesinde yikanarak temizlenme islemi tamamlanmis ve kurutma dolabinda kurutulmuslardir. En son olarak
kurutulmus ters yuz konumundaki torbalar normal konumuna getirilerek kuru bir yerde istiflenerek
saklanmiglardir. Plastik hortumlar ise sadece deterjanli sicak su kullanilarak yikanmislar ve hortumun iginde kalan
rumen artiklari ince bir tel yardimiyla temizlenmistir. Materyallerin tekrar kullanilmasinda naylon torbalarin
gozenekleri yirtilmamis ve kenarlari agilmamis, plastik hortumlarin ise kiglik yariklarinin kopmamis ya da
incelmemis olmasina 6zen gosterilmistir.

Arastirma yemlerinin ruminal parcalanabilirliklerinin elde edilmesi; naylon torba teknigi @rskov ve
McDonald (1979); @rskov ve Bhargava (1987) tarafindan yapilan éneriler dogrultusunda yapilmistir. Arastirmanin
yem materyalini olusturan yem &rnekleri naylon torba tekniginde kullanilmak lzere 2.5 mm, inklbasyon
oncesinde de KM, OM, HP ve Ns miktarlarinin belirlenmesi icinde 1 mm lik elek ¢aph gekigli degirmende
oguttlmauslerdir. Naylon torba teknigine 6zel inkiibasyon periyotlari 0, 4, 8, 16, 24 ve 48 s olarak secilmistir.
Arastirma materyali yemlerin tim inkibasyon periyotlari her bir kanilli hayvanda en az iki defa denenmistir.
Naylon torbalar yem o&rneklerinin inkiibasyonu igin oncelikle rumen ortaminda c¢ikmayan kalemle
numaralanmistir. Numaralanan temiz ve yeterli sayida naylon torba kurutma dolabindan ¢ikarilarak agirliklari
belirlenmistir. Bundan sonra 2.5 mm lik 6glttulmuis yem 6rneklerinden 5-6 g civarinda tartilarak agirliklar belli
naylon torba igerisine dikkatli bir sekilde bosaltilmistir. Bosaltma isleminde yem partikillerinin 6zellikle naylon
torba ceperine takilip kalmamasina dikkat edilmistir. icerisine yem 6rnegi konan naylon torbalar tekrar tartilarak
drnek agirligi+torba agirligr saptanmistir. Kaydedilen her iki agirlik arasi farkla érnegin i0 agirhgi belirlenmistir.
Yem ornegi tartilan bu torbalar, bir hotumda (¢ tane olacak sekilde plastik hortumlarin tzerindeki kuglik
yariklardan gegirilerek, uglar kauguk lastikler ile sikica baglanmislardir. Bu sekilde plastik hortumlara baglanan
naylon torbalar plastik hortumun bir ucu kaniil kapagindaki spiral gelikte halkaya takili kalacak sekilde belirlenen
inklibasyon periyoduna gore rumene sarkitilmistir. Torbalarin sarkitilmasi ve gikartilmasi sirasinda birbirlerine
dolagmalarini 6nlemek veya dolasmis olanlari birbirinden ayirmak igin ucu kivrik c¢elik bir c¢ubuktan
yararlaniimistir. Yemlerin 6n gorilen inkiibasyon periyodu tamamlaninca torbalar bagh olduklari plastik
hortumlar yardimi ile rumenden cikarilmis ve mikrobiyal fermantasyonun devam etmesini 6nlemek i¢in hemen
soguk su dolu bir kovaya daldirilmislardir. Daha sonra naylon torbalar bir siire daha akan soguk su altinda
tutularak torba lizerindeki rumen igerikleri temizleninceye kadar ve bunu takiben bir gamasir makinesinde 15-20
dakika kadar daha yikanmistir. Yikama isleminden sonra torbalari hortumlara baglayan kauguk lastikler dikkatlice
kesilerek torbalar ayrilmis ve 50-70 2C’ye ayarl kurutma dolabinda en az 48 s kurutulmuslardir. Bundan sonra
torbalarin geriye tartimlari yapilmis ve kurumus yem ornegi+torba agirligi belirlenmistir. Kaydedilen bu agirliktan
torba agirligi cikarilarak yem &érneklerinin iS kuru drnek agirligi hesaplanmistir. Ayrica her bir yem érneginin 0 s
inklibasyon periyodu olarak adlandirilan yikama kaybinin belirlenmesi igin yemler naylon torbalara en az 2 paralel
olacak sekilde ayni miktarlarda tartiimistir. Tartma isleminden sonra bu torbalarda plastik hortumlara baglanmis
ve 1 s 39-40 °C ilik suda bekletilmislerdir. Bu siire sonunda inkiibasyon periyotlarina gére rumene sarkitilan
naylon torbalarin inkiibasyonlari tamamlanmasindan sonraki islemler ayni sekilde yapilmis ve ayni agirliklari
belirlenmistir.

inkiibasyon &ncesi KM, OM, HP ve Ns miktarlarinin belirlenmesi icin éncelikle yemler 1 mm elekle
o6guttlmis, KM analizi yapilmis ve kuru érnekte OM, HP ve Ns miktarlari tayin edilmistir. Yem 6érneklerinin 0 saat
periyodundaki ve inkiibasyon sonrasi OM ve Ns miktarlarinin belirlenmesi igin ise naylon torba igerisindeki kuru
ornekler dikkatli bir sekilde bosaltilmistir. Her bir hayvan igin ayri ayri olmak {zere, torbadan bosaltilan
inkiibasyon artiklari Ns kimyasal analizleri icin 1 mm elekten tekrar 6gitilmistir. Ogiitme isleminden sonra
bunlarda da KM analizi yapilmis ve kuru 6érnekte Ns miktarlari tayin edilmistir.
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Sifir s periyodundaki yikama kaybi ve 4, 8, 16, 24 ve 48 s inklibasyon periyotlarina gore KM
parcalanabilirlikleri asagidaki esitlik yardimi ile hesaplanmistir.

(I0 KM miktari,g- iS KM miktari,g)
KM pargalanabilirligi = X100

(i6 KM miktari,g)

i0 KM miktari, g=i0 Kuru 6rnek agirhidi(g) * (i0) KM (KM) / 100

iS KM miktari, g= IS Kuru 6rnek adirhdi(g) * (iS) KM (KM) / 100

OM ve Ns parcalanabilirlikleri de ayni esitlik yardimi ile ilgili parametreler kullanilarak hesaplanmistir.
Yemlerin KM, OM ve Ns igeriklerinin inklibasyon periyotlarina gére rumende pargalanabilirliklerinin elde
edilmesinden sonra Roweet Resarch Arastirma Enstitlsi tarafindan gelistiriimis Neway adli paket program
yardimi ile asagidaki katsayilar elde edilmistir. RSD, Neway programinin kalinti standart hatasidir. Parcalanabilirlik
ozelliklerinin hesaplanmasinda 2’nin altinda olanlarin alinmasina 6zen gosterilmistir.

-A, Parcalanabilirligin 0 saat inkiibasyon periyodu olarak gésterilen ¢6ziinebilir KM, OM ve Ns (yikama kaybi) en
az iki deger ortalamasindan bulunmustur.

-B, Rumen mikroorganizmalari tarafindan pargalanabilir KM, OM ve Ns
-A+B, Potansiyel pargalanabilirlik
-c, saatte parcalanan KM, OM, ve Ns Miktari

Arastirma yemlerinin etkin parcalanabilirliklerinin bulunmasi; Etkin pargalanabilirlik yemlerin rumenden
gecis hizina bagh oldugu icin hayvan gruplarina gore ug¢ farkli rumenden gegis hizinda hesaplanmistir. Bu amagla
pratikte yemleme igin 6nerilen li¢ rumenden gegis hizi sabiti (k) segilmistir.

-0.02 s-1 dusiuk diizeyde beslenen koyunlar ve sigirlar igin,
-0.05 s-1 koyunlar, besi sigirlari ve 15 kg/giin’e kadar verimli stt sigirlari igin,
-0.08 s-1 15 kg/gtin’den yiksek verimli st sigirlari igin,

Arastirma bulgularinin istatiksel degerlendirilmesi

Elde edilen arastirma bulgularinin istatistiksel degerlendirilmesinde varyans analizi SPSS 25 paket
programi kullanilarak yapilmistir. Gruplar arasi farkhlklar Duncan Testi ile % 95 gliven araliginda saptanmistir
(SPSS, 2019).

BULGULAR

Enerji kaynagi olarak kullanilan konvansiyonel ve organik bugdayin, rasyona tarcin yagi ilave edilerek veya
edilmeden farkli inkiibasyon periyodlarinda naylon torba teknigi kullanilarak elde edilen KM, OM ve Ns
iceriklerinin rumende parcalanabilirlikleri, parcalanabilirlik parametreleri ve etkin parcalanabilirlikleri ile ilgili
veriler Tablo 3, 4 ve 5’de sunulmustur.

Tablo 3’de gorildiagu gibi, organik ve konvansiyonel bugdayin yikama kayiplarinin % 60.28 ile % 65.21
oldugu, yemler arasinda farkin 6nemli olup en yiiksek degerin OBUG’da elde edildigi saptanmistir (P<0.05). Genel
olarak bugdayin tim inkiibasyon periyodu boyunca KM pargalanabilirlikleri % 71.84-95.21 araliginda degismistir.
Ayni Tablo’da 4, 8 s'lik periyot icin en yiiksek KM pargalanabilirlik KBUG yeminde elde edilmis, T+KBUG yemi bu
degere yakin bulunmus, en diisiik KM parcalanabilirligi ise T+OBUG’da saptanmistir (P<0.05). Denemeden elde
edilen sonuglara gére 16 ve 24 s’lik periyotlarda en yiiksek deger KBUG ve T+KBUG yemlerinde, en disiik deger
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Table 3. The ruminal dry matter (DM) degradability, DM degradability parameters and effective DM degradabilitiy (p) of wheat, %
Tablo3. Bugdayin ruminal KM pargalanabilirlikleri, KM pargalanabilirlik parametreleri ve etkin KM parcalanabilirlikleri (p), %

Etkin KM pargalanabilirlikleri (p)
inkiibasyon periyotlarina gére KM pargalanabilirlikleri (saat) KM pargalanabilirlik parametreleri
Rumenden gegis hizlari
Yemler
0(A) 4 8 16 24 a8 B A+B c, st 0.02s? 0.05s* 0.08 s!

KBUG 60.28 £ 0.09 ® 79.75+1.932 90.21+0.922 92.53+0.772 93.92+0.312 95.02+0.212 33.79+0.182 94.07 £0.182 0.3128 £ 0.04 91.27+0.352 87.70 £ 0.592 84.73+0.792
OBUG 65.21+0.142 74.98 £0.73 bc 85.14+1.82° 88.44+0.11° 89.57+0.63° 91.24+0.26¢ 25.09+0.73°¢ 90.30+0.70¢ 0.3192 +0.09 87.47£0.23" 84.03 £0.22° 81.30 £ 0.40°
T+KBUG 60.28 + 0.09° 77.26+1.23% 87.49+£0.852 92.04+0.632 93.34+0.672 95.21+0.142 33.94+0472 94.22+0.472 0.2130 £ 0.02 90.87 £ 0.272 86.80+0.422 83.63+0.572
T+OBUG 65.21+0.142 71.84+1.40°¢ 80.99+0.36¢ 87.26+1.34° 89.84+0.34° 92.78+0.25° 27.11£0.14° 92.32+0.14° 0.1240 £ 0.02 87.80+0.40 ® 83.10+0.59° 79.83+0.69°
P degeri 0.000 0.020 0.002 0.005 0.000 0.000 0.000 0.001 0.071 0.000 0.000 0.002

Table 4. The ruminal dry matter (DM) degradability, DM degradability parameters and effective DM degradabilitiy (p) of wheat, %

Tablo4. Bugdayin ruminal KM pargalanabilirlikleri, KM pargalanabilirlik parametreleri ve etkin KM pargalanabilirlikleri (p), %
. Etkin OM pargcalanabilirlikleri (p)
Inkiibasyon periyotlarina gore OM pargalanabilirlikleri (saat) OM pargalanabilirlik parametreleri
Yemler Rumenden gegis hizlan
0(A) 4 8 16 24 48 B A+B c, st 0.02s? 0.05s? 0.08 st

KBUG 58.37+0.13° 77.72+1.762 88.26+1.472 90.99+0.932 92.67+0.522 94.41+0.272 3491+0.312 | 93.28+0.312 0.2786 + 0.08 90.17 +0.272 86.27 +0.502 83.20+0.672
OBUG 63.08 £ 0.072 72.41+0.58" 82.81+1.13° 85.55+0.24" 88.23+0.39" 90.45 +0.28" 25.98+0.65¢ | 89.07+£0.65° 0.2178 £ 0.05 85.87 +0.23b 82.10+0.17° 79.27 £0.30°
T+KBUG 58.37+0.13° 74.98 + 1.08 86.23+0.762 90.33+0.382 92.66+0.20° 94.12+0.332 34.74+0.112 | 93.11+0.11° 0.2131+0.01 89.60+0.152 85.30+0.352 81.93+0.522
T+OBUG 63.08 + 0.07°2 68.83 +0.49¢ 78.27+0.61°¢ 84.88+1.79" 87.78 £0.77" 91.08 £0.39° 27.71+0.17 © | 90.79 £ 0.17 " 0.1189 + 0.02 85.80+0.40° 80.73+0.47 ¢ 77.30+0.40°¢
P degeri 0.000 0.003 0.001 0.005 0.000 0.000 0.000 0.000 0.197 0.000 0.000 0.000

Table 5. The ruminal starch (ST) degradability, ST degradability parameters and effective ST degradabilitiy (p) of wheat, %

Tablo5. Bugdayin ruminal Ns par¢alanabilirlikleri, Ns parcalanabilirlik parametreleri ve etkin Ns pargalanabilirlikleri (p), %

] Etkin Ns parcalanabilirlikleri (p)
Inkiibasyon periyotlarina gore Ns pargalanabilirlikleri (saat) Ns pargalanabilirlik parametreleri
Yemler Rumenden gegis hizlan
0(A) 4 8 16 24 48 B A+B c, st 0.02s? 0.05s? 0.08 st

KBUG 62.10+0.902 84.02+2.41°2 94.68+0.752 96.44 +0.41 2 98.05+0.112 99.05+0.032 35.92 +0.10° 98.02+0.102 0.3414+0.032 95.27+0.352 91.70+0.712 88.70+1.002
OBUG 58.14 + 0.32" 71.19+1.02¢ 82.76 £2.71¢ 89.37+0.91¢ 91.92 +0.45b 95.31+0.56° 36.15+1.21b 94.42 +1.21° 0.1838 £ 0.07°¢ 89.37+0.29¢ 83.90+0.51¢ 79.90 +0.78¢
T+KBUG 62.10+0.902 86.08+0.442 95.21+0.372 97.80 £ 0.22°2 98.51+0.162 99.12+0.11° 36.52+0.09 98.62+0.092 0.3179+0.02 2 96.03 +0.12°2 92.70+0.21°2 89.87+0.322
T+OBUG 58.14+0.32% | 76.62+1.20° 89.21+0.42" 95.15+0.89" 98.14+0.142 98.84 +0.05° 40.14 £0.14°2 98.41+0.142 0.1947 +0.01 b¢ 94.10+0.30° | 88.97+0.48" 85.00 £ 0.59
P degeri 0.020 0.000 0.001 0.000 0.000 0.000 0.004 0.004 0.044 0.000 0.000 0.000

KBUG: Konvansiyonel bugday, OBUG: Organik bugday, T+KBUG: Rasyona tarcin yag! ilaveli konvansiyonel bugday, T+OBUG: Rasyona tarcin yagi ilaveli organik bugday, 0=A: Ns iceriginin suda ¢oziinebilir kismi (rumenle ilgili parametre degil), B: Ns
iceriginin suda ¢6zinmeyen fakat rumen mikroorganizmalari tarafindan pargalanabilir kismi, c: B’nin saatte pargalanma orani, p: Ns iceriginin rumenden gegis hizina gore etkin pargalanabilirligi (toplam pargalanabilirlik), k sabitleri [k1: 0.02 s-1
(duigtik diizeyde beslenen koyunlar ve sigirlar igin), k2: 0.05 s-1 (koyunlar, besi sigirlari ve 15 kg/gline kadar verimli stit sigirlari igin), k3: 0.08 s-1 (15 kg/giinden yiiksek verimli siit sigirlari igin)], Ayni siitundaki farkli harfleri tagiyan ortalamalar

arasindaki fark nemlidir (P<0.05).
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OBUG ve T+OBUG yemlerinde saptanirken 48 s’lik periyotta ise en yiksek deger KBUG ve T+KBUG
yemlerinde en dusiik deger ise OBUG yeminde bulunmustur. Rasyona tarcin yagi ilavesinin organik ve
konvansiyonel bugdayin KM pargalanabilirlik parametrelerinden B, A+B {izerine 6nemli etkide bulundugu
saptanmistir (P<0.05). Calismada istatistiksel olarak 6nemli olmamakla birlikte, organik ve konvansiyonel
bugdayin saatteki pargcalanma orani olan c’nin % 3 civarinda oldugu ve targin yagi ilavesinde bu oranin daha dusuk
oldugu tespit edilmistir (P>0.05). B ve A+B kuru madde parcalanabilirlik parametrelerinde en yiiksek deger KBUG
ve T+KBUG yemlerinde, en diisiik deger ise OBUG yeminde saptanmistir. Organik ve konvansiyonel bugdayin
rumenden gegcis hizlarina gore etkin KM pargalanabilirligi 6nemli derecede etkilenmistir (P<0.05). Etkin KM
parcalanabilirligi, en yiiksek KBUG ve T+KBUG yemlerinde elde edilirken, en diistik OBUG ve T+OBUG yemlerinde
saptanmistir (P<0.05)

Tablo 4’de goruldiigu gibi organik ve konvansiyonel bugdayin yikama kayiplarinin % 58.37 ile % 63.08
oldugu, yemler arasindaki farkin énemli olup en yiiksek degerin OBUG’da elde edildigi saptanmistir (P<0.05).
Genel olarak bugdayin tiim inkiibasyon periyodu boyunca OM pargalanabilirlikleri % 68.83-94.41 araliginda
degismistir. Rasyona targin yagi ilavesi ile organik ve konvansiyonel bugdayin OM pargalanabilirlikleri 4 ve 8 s’lik
periyotta en yiiksek KBUG ile T+KBUG yeminde, en diisiik T+OBUG yeminde saptanmistir (P<0.05). 16, 24 ve 48
s'lik periyotlarda ise en yiiksek deger KBUG ile T+KBUG yeminde elde edilmis, en diisiik OM parcalanabilirligi ise
OBUG ile T+OBUG yeminde saptanmistir (P<0.05). Ayni Tablo’de, rasyona targin yagi ilavesinin organik ve
konvansiyonel bugdayin OM pargalanabilirlik parametrelerinden B ile A+B lzerine dnemli etkide bulundugu
saptanmistir (P<0.05). Rasyona tarcin yagi ilavesi ile B ile A+B en yiiksek KBUG ile T+KBUG yeminde elde edilirken,
en diistk OBUG yeminde saptanmistir (P<0.05). Calismada istatistiksel olarak nemli olmamakla birlikte organik
ve konvansiyonel bugdayin OM pargalanabilirlik parametrelerinden saatteki pargalanma orani olan c¢’nin % 2
civarinda oldugu ve targin yagi ilavesinde bu oranin daha diistik oldugu tespit edilmistir (P>0.05). Ayrica organik
ve konvansiyonel bugdayin OM igeriginin rumenden gegis hizlarina gére etkin pargalanabilirlikleri 5nemli dizeyde
etkilenmistir (P<0.05). Etkin OM parcalanabilirligi 0.02 s-1 rumenden gegis hizi icin en yiiksek KBUG ile T+KBUG
yeminde, en disiik OBUG ile T+OBUG yeminde saptanmistir. 0.05 s-1 ve 0.08 s-1 rumenden gegis hizi ise en
yiiksek KBUG ile T+KBUG yeminde, en diisiik T+OBUG yeminde saptanmistir.

Tablo 5’de goérildigu gibi, organik ve konvansiyonel bugdayin Ns icin yikama kayiplarinin % 58.14 ile %
62.10 oldugu; yemler arasinda farkin 6nemli olup en yiiksek degerin KBUG’da elde edildigi saptandi. (P<0.05).
Genel olarak bugdayin tim inkiibasyon periyodu boyunca Ns parcalanabilirlikleri % 71.19-99.12 araliginda
degismistir. Ayni Tablo’de 4, 8 ve 16 s'lik inkiibasyon periyotlari igin en yiiksek KBUG ile T+KBUG, en diisik OBUG
yeminde saptanmistir (P<0.05). 24 ve 48 s’lik inkiibasyon periyodlarindaki Ns pargalanabilirliklerinde en yiiksek
KBUG, T+KBUG ile T+OBUG yeminde, en diisiik ise OBUG yeminde saptanmistir (P<0.05). Rasyona targin yag
ilavesinin organik ve konvansiyonel bugdayin Ns pargalanabilirlik parametrelerinden B, A+B ve c (zerine 6nemli
etkide bulundugu saptanmistir (P<0.05). B'nin en yiksek T+OBUG yeminde, en disiik KBUG, OBUG ile T+KBUG
yeminde saptandigi goriilmektedir. A+B en yiiksek KBUG, T+KBUG ile T+OBUG yeminde, en diisiik OBUG yeminde
saptanmistir. Saatteki parcalanma orani olan c’nin en yiiksek KBUG yeminde en diisiik OBUG yeminde oldugu
saptanmistir (P<0.05). Ayrica organik ve konvansiyonel bugdayin Ns igeriginin rumenden gegis hizlarina gore etkin
parcalanabilirlikleri arasindaki farklar nemli bulunmustur (P<0.05). Etkin Ns pargalanabilirligi 0.02 s-1, 0.05 s-1
ve 0.08 s-1 rumenden gegis hizina bakildiginda en yiiksek KBUG ile T+KBUG yeminde en diisiik OBUG yeminde
saptanmistir (P<0.05).

TARTISMA VE SONUG

Bu ¢alismada, rasyona targin yagi ilavesinin organik ve konvansiyonel bugdayin rumende pargalanabilme
ozellikleri incelenmistir. Calismadan elde edilen sonuglar incelendiginde bugdayin KM, OM ve Ns igeriklerinin
yikama kayiplarindaki (0 s) farklar 6nemli bulunmustur. KM ve OM igeriginde yiiksek deger OBUG ve T+OBUG’da,
Ns iceriginde ise KBUG ve T+KBUG’da saptanmistir. Bu durum konvansiyonel ve organik yemlerin {retim
kosullarinin ve ¢evresel etmenlerin farklihgindan kaynaklanabilir. Konvansiyonel ve organik bugdayin targin yagi
ilavesi ile saptanan yikama kayiplari (0 s) arasinda fark bulunmamistir. Bu durum yemlerin O s inkiibasyon
periyodunda rumene sarkitilma islemi uygulanmadigi icin herhangi bir fermantatik etkinin sdz konusu
olmamasindan kaynaklanmaktadir.
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Konvansiyonel ve organik bugdayin KM parcalanabilirliklerinde 4-48 saatleri arasinda saptanan farklar
istatistiksel olarak nemli olup, KBUG'In inkiibasyon periyotlarina gére KM parcalanabilirligi yiksek diizeyde
seyretmistir. Rasyona targin yagi ilave edilen organik bugdayin 24, 48 s ve konvansiyonel bugdayin 48 s harig diger
inkiibasyon periyodlarinda dususler gérilmektedir. Konvansiyonel bugdayda Turgut ve ark. (2002) tarafindan
bildirilen 24 ve 48 s’lik degerler ile Berger ve ark. (1981) tarafindan bildirilen 24 s’lik veriler bu ¢alismadan elde
edilen degerlere yakin bulunmustur. Yilmaz (1994) tarafindan 24 s igin saptanan degerler, Umucallar ve ark.
(2003), Cergi ve ark. (2004) tarafindan saptanan 0-48 s'lik veriler, Turgut ve ark. (2002), tarafindan saptanan 0-
16 s’lik degerler, Deniz ve ark. (2003) tarafindan saptanan 8-48 s’lik inkiibasyonlara ait veriler bu ¢alismadan elde
edilen sonuglardan daha distk bulunmustur. Deniz ve ark. (2003) tarafindan bildirilen 4 s’lik inkiibasyona ait
verinin ise bu ¢alismadan elde edilen degerden yiiksek oldugu gérilmektedir Genel olarak degerlendirildiginde,
rasyona targin yagi ilavesi bugdayin inklibasyon periyodlarina gére KM pargalanabilirliklerini distrmustir.

Konvansiyonel ve organik ve bugdayin 4-48 saatleri arasindaki OM pargalanabilirlikleri istatistiksel olarak
farkli olup, KBUG'In inkiibasyon periyotlarina gére OM pargalanabilirligi yiiksek diizeyde seyretmistir. Rasyona
targin yagi ilave edilen organik ve konvansiyonel bugdayin OM parcalanabilirliklerinde, organik bugdayin 48 s
harig diger inkiibasyon periyodlarinda distisler goriilmektedir. Bu sonuglar degerlendirildiginde rasyona targin
yagli ilave edilmesinin OM parcalanabilirliklerini daha fazla etkiledigini, bugdayin OM parcalanabilirliklerinde belli
zaman periyodlarinda dugusler sagladigini  séyleyebiliriz. Bu konuda yapilan bazi arastirmalar ile
karsilastinldiginda bu calismadan elde edilen konvansiyonel bugdayin rumende inkiibasyonu sonucunda elde
edilen OM pargalanabilirlik degerleri, Cergi ve ark. (2004) tarafindan 4-48 s, Seven ve ark. (2003) ile Yilmaz (1994)
tarafindan 24 s, Ocak (1997) tarafindan 0 s inklibasyonlara ait bildirilen degerlerden daha yiksek bulunmustur.
Turgut ve ark. (2002), tarafindan bildirilen 24-48 s inklibasyonlarina ait veriler bu calismadan elde edilen
degerlere yakin bulunurken, 0-16 s buldulari daha distik bulunmustur.

Ruminal Ns pargalanabilirlikleri bugdayin 4-48 s inkilibasyon periyodlarinda istatistiksel olarak 6nemli
bulundugu saptanmistir. Tablo 5’de organik ve konvansiyonel bugdayin 4-48 saatleri arasindaki Ns
parcalanabilirliklerine bakildiginda istatistiksel olarak fark olup, KBUG'in inkiibasyon periyodlarina gére Ns
parcalanabilirligi yliksek diizeyde seyretmistir. Rasyona targin yagi ilave edilen organik ve konvansiyonel bugdayin
nisasta pargalanabilirliklerinde tiim inklibasyon periyodlarinda artislar olmustur.

Naylon torba teknigi yardimiyla A, B ve c parametreleri bulunmakta ve 6zellikle A+B (potansiyel
pargalanabilirlik) ve c (saatte pargalanan besin madde miktari) parametreleri ile de yemlerin degerleri
tanimlanmaktadir. Muamele gruplan arasinda bugdayin ruminal KM igeriklerinin rumende belli zaman
periyodlarindaki parcalanabilirliklerinden B ve A+B degerlerindeki artisin dnemli oldugu bulunmustur. KM
parcalanabilirlik parametrelerine ait ¢ degerlerinde istatistiksel olarak 6nemli bir fark saptanmamakla birlikte
sayisal olarak dususler olmustur. Genel olarak bakildiginda rasyona targin yagi ilavesinin rumen ortamini
etkileyerek rumen mikroorganizmalarini baskilamasiyla saatte parcalanan KM miktarlarinin diismesini sagladigini
soyleyebiliriz. Yilmaz, (1994) ve Ocak (1997) tarafindan KM pargalanabilirlik parametrelerinden B ve A+B degerleri
bu calismadan elde edilen degerlerden yliksek bulunmustur.

Bugdayin ruminal OM pargalanabilirlik parametreleri incelendiginde rasyona tarcin yagi ilave edilen
konvansiyonel bugdayin OM parcalanabilirliklerinden B, A+B degerlerinde istatistiksel olarak 6nemli, c degerinde
ise sayisal olarak disiis olmustur. Rasyona tarcin vyagl ilave edildiginde organik bugdayin OM
parcalanabilirliklerinden B, A+B degerlerinde artislar olurken, c degerinde diisiis olmustur. Bu sonuglarin targin
yaginin igerisinde bulunan etken madde miktarlarinin rumen ortamini etkilemesinden kaynaklandigi
distnilmektedir. Yilmaz, (1994) ve Ocak (1997) tarafindan OM pargalanabilirlik parametrelerinden B ve A+B
degerleri bu ¢alismadan elde edilen degerlerden yiiksek bulunmustur.

Ruminal Ns pargalanabilirlik parametreleri incelendiginde bugdayin B, A+B ve c¢ parametrelerinde
saptanan farklar istatistiksel olarak 6nemli bulunmustur. Rasyona targin yagi ilave edildiginde konvansiyonel
bugdayin Ns parcalanabilirliklerinden B ve A+B degerlerinde artis olurken, ¢ degerinde disls saptanmistir.
Organik bugdayin Ns pargalanabilirliklerinden B, A+B ve c degerlerinde ise targin yagi ilavesi ile artislar tespit
edilmistir.
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Kullanilan yemlerin varyeteleri, yetistirme kosullari ile uygulanan idari yontemler (glibreleme, sulama vb.)
gibi bircok faktor bu yemlerin ham besin maddeleri bilesimi tzerinde etkili olmaktadir (Gékkus ve ark., 1996).
Ayni zamanda organik yemlerin Gretim kosullarinin farkli olmasindan dolayr ham besin madde miktarlari ile
sindirilebilirliklerinin saptanmasina ihtiya¢ bulunmaktadir. Ruminantlarin beslenmesinde kullanilan yemler farkli
dizey ve bilesimde besin maddeleri kapsamaktadirlar. Yemlerdeki bu farkhliklar organik maddenin
parcalanabilirligine yansimaktadir. Ayrica yemin bilesimine bagh olarak naylon torba igindeki mikrobiyal
aktivitenin farkli olmasindan dolayr kuru madde ve organik maddenin pargalanabilirligi degisebilmektedir
(Michalet-Doreau ve Ould-Bah, 1992; Nocek, 1988). Cardozo ve ark. (2004), targin ugucu yaginin ve etkin maddesi
cinnamaldehyde’in rumen ugucu yag asitleri (UYA) konsantrasyonunu etkilemedigini bildiriimektedir.

Sonug olarak, calismada targin yagi ilavesi konvansiyonel ve organik bugdayin 4, 8, 16, 24 ve 48 s'lik
periyotta KM ve OM pargalanabilirliklerinde diisusler saglarken, Ns iceriklerinin pargalanabilirliklerinde artiglar
saglamistir. Bitkisel esans yaglarin antibakteriyal 6zellikleri yapilarindaki etkicil maddenin gesidine, kimyasal
yapisina ve miktarina bagh olup bu ozellikler bitkinin yetistigi cografik bolge sartlari, hasat zamani ve bitki
ekstraksiyon metodu gibi faktorlerden etkilenmektedir. Bitkisel esans yaglarin antibakteriyel o6zelliklerinin
kanitlanmasi bunlarin rumen ortaminin maniplasyonu igin alternatif yem katkisi olarak kullanilabilecegini
disundirmektedir. Konu ile ilgili literatir incelendiginde gerek organik bugday gerekse rasyona targin yagi ilave
edilerek organik ve konvansiyonel bugdayin naylon torba tekniginden yararlanarak rumende inkiibasyon
periyodlarina gore pargalanabilirlikleri ile ilgili calisma yapilmamis olmasi bu konuyla ilgili daha kapsamli
¢alismalarin yapilmasi ihtiyacini ortaya koymaktadir.

Tesekkiirler: Yazarlar, makalenin gercgeklestiriimesinde veri toplama kolayliklarindan dolayr Ege
Universitesi Bilimsel Arastirma Projeleri Koordinatérligii'ne tesekkiir ederler.

Veri kullanilabilirligi: Veriler makul talep tzerine saglanabilmektedir.
Yazar Katkilari: Makalenin hazirlanmasinda tiim yazarlar esit katkida bulunmustur.
Cikar gatismasi: Bu calismada yazarlar arasinda herhangi bir ¢cikar ¢atismasi yoktur.

Etik Beyan: Bitln arastirmacilar, " Calismada hayvan prosedirlerinin, hayvan deneylerine iliskin AB
Direktifi (Avrupa Birligi, 2010), ARRIVE yonergeleri (Kilkenny ve ark., 2010) ve deneysel amagli kullanilan deney
hayvanlarinin korunmasina iliskin ulusal yénetmelige uygun olarak yarittldigini" beyan ederler.

Finansal destek: Bu arastirma Ege Universitesi Bilimsel Arastirma Projeleri Koordinatérliigii tarafindan
desteklenmistir [Proje No: 09-ZRF-035].

Makale Agiklamasi: Bu makale Editér Cagri KANDEMIR tarafindan diizenlenmistir.
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Ten Years with the Red Mite (Dermanyssis gallinaé)
ABSTRACT

The red mite (Dermanyssus gallinae) is a blood-sucking, nocturnal parasite of poultry. Many studies have demonstrated the economic damage of this parasite
to the poultry sector. In this review, a systematic evaluation of the studies conducted by the author and his colleagues on the red mite was carried out. In
order to follow the population dynamics in the studies, structures were designed to allow the mite to nest, and these structures were used to estimate mite
density in particular. It was found that a mite has an average body weight of 55 pg and can suck 203 pg of blood in one night. The parasite was found to affect
the growth of chickens and quails, and early infestation delayed sexual maturity and reduced egg production and egg weight. It was found that the growth of
chickens was similarly affected by the mite in hybrid genotypes but could be different in pure genotypes. Although there are no red mite studies in the literature
on how host feeding reflects the effects of the mite, the author and colleagues showed that feed consumption is likely to increase at low mite densities and
decrease at high mite densities. Mortality was found to increase at high mite densities (25,000 mites/kg), with each 1000 mite increase in parasite density
increasing the risk of mortality of a bird (approximately 100 g live weight) by 11%. It has been emphasized that the increased frequency of scratching in infested
birds may result in additional energy loss as locomotion increases and the frequency of scratching goes beyond comfort behavior; furthermore, the stress
caused by the mites crawling on the bird's skin and the stress caused by the bites may have significant negative effects on the welfare of the animals.

Keywords: Chicken, quail, parasite, host, growth, mortality

Kirnuz1 AKar (Dermanyssis gallinaé ile On Yil

oz

Kirmizi akar (Dermanyssus gallinae) kanatli hayvanlarda kan emen gececil bir parazittir. Birgok ¢alismada parazitin kanatli sektori Gzerine ekonomik zarari
gosterilmistir. Bu derlemede yazar ve galisma arkadaslarinin kirmizi akar ile yaptiklari galismalarin sistematik bir degerlendirilmesi yapilmistir. Calismalarda
popiilasyon dinamigini takip edebilmek igin akarin yuvalanmasini saglayacak yapilar tasarlanmis; bunlarin yardimiile 6zellikle akar yogunlugu tahmin edilmistir.
Bir akarin canh agirhginin ortalama 55 pg oldugu ve bir gecede 203 pg kan emebildigi belirlenmistir. Parazitin tavuk ve bildircinlarin blyimesini olumsuz
etkiledigi, bliyimenin erken dénemindeki bir enfestasyonun eseysel olgunlugu geciktirdigi ve yumurta verimi ile yumurta agirhgini distrdigu belirlenmistir.
Tavuklarda buylmenin hibrit genotiplerde akardan benzer sekilde etkilendigi, ancak saf genotiplerde farklilasabildigi gbzlenmistir. Konakginin beslenmesinin
akarin etkilerine nasil yansidigi konusunda kirmizi akar konulu literatiirde galisma bulunmamasina karsin, yazar ve arkadaslari yem tiketiminin muhtemelen
diistk akar yogunlugunda arttigi, yiiksek akar yogunlugunda ise azalabilecegini ortaya koymusglardir. Yogun akar enfestasyonunda (25.000 akar/kg) mortalitenin
arttigl, parazit yogunlugundaki her bir 1000 akar artisinin bir kusun (yaklasik 100g canli agirhginda) 6lim riskine %11 arttirdigi bulunmustur. Enfestasyon
altindaki hayvanlarda kasinma sikligi konfor davranigi sayllamayacak derecede artmasi ile lokomosyon artisinin ek bir enerji kaybina neden olabilecegi; yani
sira akarin kusun derisi Gzerinde gezinmesi ve isiriklari nedeniyle olusan stresin de hayvanlarin refahini 6nemli 6lglide olumsuz olarak etkileyebilmesinin olasi
oldugu vurgulanmistir.
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Savas

GIRIS

Kimizi akar kanatli hayvanlarin hematofagus bir parazitidir. Kirmizi akarin biyolojisine iliskin ayrintilar
Konyali ve Savas (2016) tarafindan derlenmistir. Dermanyssus gallinae’nin basta yumurta tavukgulugu sektori
olmak tzere tavukgulukta hem verim hem Urin kalitesi hem de bunlara bagh olarak ekonomik kayip anlaminda
onemli bir sorun oldugu bircok yazar tarafindan dile getirilmistir (Kirkwood, 1967; Nordenfors ve ark., 1996;
Chauve, 1998; Woijcik ve ark., 2000; Cosoroaba, 2001; Emous ve ark., 2005; Arends, 2008; Sahibi ve ark., 2008;
Mul ve ark., 2009; Sparagano ve ark., 2009; Kaoud ve ark., 2010). 1998). Ozellikle kiiresel iklim krizinin parazitin
etkilerini artirabilecegi bildirilmektedir (Skuce ve ark., 2013).

Yazarin da igerisinde bulundugu ekip 2013 yilinin son aylarindan itibaren Dermanyssus gallinae‘nin kanath
hayvanlardaki etkilerine odaklanmistir. Kimizi akara iliskin o tarihe kadar yapilan ¢alismalarin daha cok prevalans
veya kimyasal ya da bitkisel kaynakli akarisit konularina yogunlasmasina karsin, yazar ve calisma arkadaslari
kanath hayvanlardaki etkilerine iliskin deneysel g¢alismalara yonelmistir. Calismalar daha ziyade biliyime
temelinde genotip ve turlerin akara reaksiyonlarinin karsilastirmasini konu almistir. Bu sekilde akara karsi direng
ve/veya toleransin genotiplere ve tiirlere gbre degisip degismedigi sorgulanmistir.

Bu makalede yazar ve igerisinde yer aldigi arastirma grubunun kirmizi akar temelinde odaklandig
konularin bir batin olarak degerlendirmesi yapilmistir. Béylece yapilan galismalarin sistematize edilerek
aralarindaki baglantilar belirginlestirilmis ve agiklar belirlenmistir. Calismalarin sonuglari tartisilarak uygulama ve
gelecekte konuya iliskin olasi bilimsel galismalar i¢in 6neriler sunulmustur.

Parazitin Biyolojisi

Deneme odalarinda surdirilen ¢alismalarin temel kisitini parazitin yalnizca karanlikta konagi ziyaret
ederek kan emmesi olusturmustur. Bu anlamda konakta bireysel olarak akar yiki tespit edilememektedir. Akar
yuki parazitlerin yuvalanmasina uygun olarak yapilan ve genellikle tuzak adi verilen (saklanma yeri veya yuva)
araglar yardimiyla tahmin edilebilmektedir. Bu yapilar her bir kafese tutturulmus; boylece hem bir grup konakta
akar yuki olarak olgiim yapilmis hem de akarin poptilasyon dinamigi izlenmeye ¢ahlisilmistir. Sekil 1’deki yuvalarda
akar sayisini belirlemek amaciyla 1 cm? olarak kesilen yapiskan bant yardimiyla kiimelenmis akarlar toplanmustir.
Bu islem birka¢ kez tekrarlanmis ve mikroskop altinda 6rneklerde yumurta, nimf ve ergin akar sayilari
belirlenmistir. Yuvalar kisa sireli olarak buz tizerine konularak akarlarin hareketsiz kalmalari saglanmis ve agilarak
fotograflanmislardir. Fotograflar Uzerinde populasyonun yogunlastigi alan belirlenerek akar sayisi tahmini
yapilmistir. Sekil 2’deki yuvalarda ise tartim yontemi kullanilmistir (Erdem ve ark., 2020). Bu amagla birim
agirhktaki akar sayisi belirlenmis ve boylece akar yogunlugundaki degisim tahmin edilmeye ¢alisiimigtir.

9cm

14 cm

Sekil 1. iki kanath Ust siite Uste kapatilan tahtadan akar yuvasi (Konyali, 2016)

Figure 1. Wooden mite nest with two wings covered one above the other (Konyali, 2016)
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Akarlarin konaga yakin yuvalari tercih ettikleri belirlenmistir (Konyali, 2016). Ote yandan calismalarda
ergin bir akarin ortalama agirhg ve ortalama emdigi kan tahmin edilmistir (Erdem, 2017). Bu amagla kan
emmemis ergin akarlar ile kan emmis akarlar toplanmis ve olusturulan 30 akarlk gruplar hassas terazi ile
tartiimistir. Béylece kan emmemis olanlar ile kan emmis olanlarin agirliklari bulunmustur. Buna goére ortalama 55
pg canh agirliktaki bir akarin yaklasik kendi agirliginin 3,5 kati (203 pg) kan emebildigi gbzlenmistir. Diger yandan
gunluk ritmine yonelik ¢alisma kirmizi akarin karanlik ve aydinlikta yuvalardaki akar sayisi degisimi tGzerinden
belirlenmistir (Erdem ve ark., 2020). Bu amagla yuvalar saatte bir agilarak fotograflanmis ve akar sayisi
belirlenmistir. Sekil 3’ten de izlenebilecegi gibi karanlik donemin baslamasi ile yuvalardaki akarlar hizla
azalmaktadir. Ancak akar yogunlugu aydinlik donem baslangicindan 5 saat sonra pike ulasmaktadir. Bu durum
akarlarin aydinlik dénemde de yuvanin disinda olduklarini gostermektedir. Ancak Erdem ve ark. (2020)
¢alismalarinda 16 saat aydinlik 8 saat karanlik uygulamislardir. Bu anlamda akarlarin aydinlik dénemde de yuvanin
disinda bulunmalari karanlik donemin kisa olusundan da kaynaklanmis olabilir. Ayni zamanda bu durum s6z
konusu deneysel kosullarda aydinhk karanlk veya karanlik aydinlk gegisinin dogal kosullardaki gibi tedricen degil
ani olmasina da baglanabilir.

Sekil 2. Plastik borunun icerisine karton sikistirilarak olusturulan akar yuvasi (Erdem, 2023)
Figure 2. Mite nest is created by squeezing cardboard in a plastic tube (Erdem, 2023)

Yuksek cevre sicakliklarinda kirmizi akar popilasyonunun kiigtldigu yapilan galismalarin bulgulari
arasindadir (Konyal, 2016). Hatta edinime bagh gozlemler yaz doneminde yiksek sicakliklarda akar
popilasyonunun tamaminin adeta ortadan kayboldugunu gostermistir. Akarin ¢evre kosullarinin optimumun
disina ¢ikmasi ile ya da kotiilesmesine bagli olarak diyapoz durumuna gegebilecegi diisiintilmektedir. Ancak Wang
ve ark. (2020) farkh gevre sicakliklarinin kirmizi akarin yasama giicii tizerinde yaptiklar ¢alismada, 30°C gevre
sicakhiginda ergin disilerin tamaminin 21 giin iginde 6ldiglini bildirmislerdir. Buna karsin yazarlar disuk sicakhkta
(5°C) 84. giinde dahi ergin disilerin yaklasik %20’sinin hayatta oldugunu rapor etmislerdir.

19



®

Savas

Akar Saysi

g2 o 10 11 12 13 14 15 1 17 18 19 20 21 22 23 24 1 2
Saat

[
.
i
=]

1

Sekil 3. Bir yuvadaki ortalama kirmizi akar sayisinin giin boyunca degisimi (Erdem ve ark., 2020)
Figure 3. Variation in the average number of red mites in a nest throughout the day (Erdem ve ark., 2020)
Konakgida Biyiime

Blylme déneminin kirmizi akar baglaminda ele alinmamis olmasi ve s6z konusu dénemin ileri donemde
performans Uzerine etkili oldugu dislnilldiginde yazar ve arkadaslari galismalara kirmizi akarin biyime
doénemindeki etkileri baglaminda baglamislardir.

Buyume hiicre ¢ogalmasi (hiperplazi) temelinde gergeklesen bir fizyolojik slire¢ olarak tanimlanmasina
karsin cisse artisi olarak o6l¢ldugi icin (canli agirlik) ayni zamanda hiicre biiyiimesini (hipertrofi) de kapsar
(Owens ve ark., 1993). Hayvanlarda biiyime doneminden bahsedildiginde gelisme de icin icerisine girmektedir.
Gelisme bilindigi gibi s6z konusu dénemdeki organlarin fonksiyonel olarak islevsel hale gelmesini ifade
etmektedir. Dolayisiyla her ne kadar arastirma grubunun kirmizi akara bagli calismalari kanatlilarin biyumesi
temelinde alinmigsa da gelismeyi de icermektedir. Nitekim optimum kosullarda yetistirilen ancak bliyime
doneminde kirmizi akara maruz kalan piliglerin yumurtlamaya daha geg basladiklari ortaya konmustur (Konyali
ve Savas, 2014; Erdem ve Savas, 2023).

Yapilan bir dizi ¢alisma kirmizi akar enfestasyonunun biiyiimeyi olumsuz etkiledigini gostermistir (Konyall
ve ark., 2013; Konyali ve ark., 2014; Erdem ve ark., 2015; Konyali ve ark., 2017; Erdem ve ark., 2020; Erdem ve
Savas, 2021). Ortamin akar yukinin dizeyinden bagimsiz olarak biiyiime dénemindeki civciv/pilic ve bildircin
palazlarinin canli agirliklari enfeste olmayanlardan daha diisiuk olarak gergeklesmistir. Yalnizca ¢ok dusik akar
yogunluklarinda enfeste ve enfeste olmayan gruplarin canli agirliklari arasinda anlaml bir fark gergceklesmemistir
(Erdem ve ark., 2014). Ancak bu durumda dahi kan hemoglobin diizeyi enfestasyonun etkisine bagh olarak
diismis, eozinofil orani artmistir.

Gelisme esnasinda genetik altyapiya baglh olarak bireyin icerisinde bulundugu optimum kosullar altinda
s6z konusu cevreye en uygun fenotipin gelismesi beklenmektedir. Bu durum gelisimsel kararlilik olarak
isimlendirilmektedir (Mgller ve Manning, 2003). Ancak gevre kosullarindaki farkhlklar s6z konusu fenotipte
degisime neden olmaktadirlar. Gelisimsel istikrarsizlik olarak tanimlanan bu olgunun 6l¢limiinde genellikle
simetrik organlardaki simetriden sapma kullaniimaktadir (Parsons, 1990; Mgller and Swaddle, 1997). Bu anlamda
dalgali asimetri olarak adlandirilan sag ve sol simetrik organlardaki rastlantisal sapmalar kullanilan 6lgiilerden
birisidir. Dalgali asimetrinin bir organizmada cevre etkilerinin olumsuzluklarini gosterdigi, 6zellikle kronik stresi
yansittigl bildirilmektedir (Mgller and Swaddle, 1997). Bu bilgilere dayanarak gelisimsel kararsizligin
organizmanin erken ve orta bilyime doneminden sonraki donemlere tasinan olumsuzluklara neden olabilecegi
soylenebilir. Yazar ve ekibi arastirmalarinda kirmizi akar enfestasyonunun bilateral organlarda asimetriyi
siddetlendirdigini ortaya koymuslardir (Konyali ve ark., 2015). Kirmizi akara bagh gelisen bilateral organlardaki
asimetrinin tavuk ve bildircinlarda farklilastigi gozlenmistir. Swaddle ve Witter (1997) asimetrinin tirler
bakimindan farklilasabilecegini rapor etmislerdir. Ancak, bu makaleye konu calismalarda akar poptlasyon
dinamiginin kontrol edilememesi nedeniyle tirler bakimindan asimetride meydana gelen farkhligin akar yikinin
farkhlagsmasina da bagl olabilecegi g6z 6niinde bulundurulmalidir.
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Konakgida Ureme

Blylime doénemindeki akar enfestasyonu piliclerin eseysel olgunluga daha gec¢ ulastigini gostermistir
(Konyal ve Savas, 2014). Bunun yaninda ge¢ yumurtlama doénemindeki tavuklarda yumurta agirhginin
enfestasyondan olumsuz etkilendigi gériilmistiir (Unbas ve ark., 2020). Ote yandan yumurta kalitesinin de
ozellikle embriyonik gelismeyi etkilemesi agisindan énemli oldugu bilinmektedir. Yazgan ve ark. (2020) kirmizi
akar ile enfeste tavuklarin yumurta kalite 6lgutlerinde farkhliklar goézlemiglerdir. Ancak bu farkhliklarin dikkatle
degerlendirilmesi gerektigini vurgulamislardir. Kirmizi akarin i¢ kalite 6zelliklerine etkisine yonelik daha fazla
calismaya ihtiyag bulunmaktadir. Arkle ve ark. (2006) 6zellikle yogun enfestasyona bagl olarak yumurta sarisi ig¥
konsantrasyonu ile akar yogunlugu arasinda anlamh negatif iliski oldugunu rapor etmislerdir. Yumurtadan
embriyoya aktarilan igY’nin pasif bagisiklik icin gerekli oldugu ve bu mekanizmadaki sorunlarin civcivin
hastaliklara karsi direncini dustrebilecegi bildirilmistir (Ulmer-Franco, 2012). Muhtemel s6z konusu
mekanizmada embriyonun yasama gilici acgisindan da etkiler bulunmaktadir. Nitekim bu satirlarin yazarinin
icerisinde bulundugu arastirma grubunun ¢alismalari, akara maruz kalan tavuklarin yumurtalarinda embriyonik
6limiin akara maruz kalmayanlara gore yiiksek oldugunu géstermistir (Unbas ve ark., 2020). Yazarlar civciv
kalitesinde de sorun oldugunu, 6zellikle 6nemli kalite kriterlerinden birisi olan ve Tona ve ark. (2003) tarafindan
detayli bir sekilde tanimlanan Tona skorunu enfeste tavuklarin yumurtalarindan elde edilen civcivlerde daha
diisiik oldugunu bildirmislerdir (Unbas ve ark., 2020). Ustelik Unbas ve ark. (2020)'nin ¢alismasina konu enfeste
tavuklarin yumurtalarindan elde edilen civcivlerin, bu yumurtalarda embriyo kayiplari ylksek oldugu igin,
muhtemelen gikis saglayabilen nispeten iyi durumdaki civcivler olabilecegi de unutulmamalidir.

Konakgi Genetigi

Yazar ve calisma ekibinin bliylimeye yonelik ¢alismalarinin temel sorularindan en énemlisi kirmizi akara
karsi reaksiyonun genetik olarak farkhhg olmustur. Konu en basitiyle genotip karsilastirmalari agisindan ele
alinmistir. Oncelikle ele alinan etlik ile yumurtaci hibrit genotipler ve yumurtaci genotiplerin kendi aralarindaki
karsilastirmalarda bircok o6zellik bakimindan akar enfestasyonunun etkilerinin farklilasmadigi gézlenmistir
(Konyali ve ark., 2014a, Konyali ve ark., 2014b). Ayni zamanda bu ¢alismalarda kullanilan genotiplerin tamaminin
canh agirhk ve kesim agirligi 6zelliklerinin kontrol ve enfestasyon arasindaki nispi karsilastirmalari da akardan
etkilenmenin farklilasmadigini géstermistir (Konyal ve ark., 2016). Ancak iki saf genotip ile bir hibritin kullanildigi
diger bir calismada canh agirlik ve yem tiketimi bakimindan enfestasyon ile genotipler arasinda bir etkilesimin
oldugu ve genotiplerin enfestasyon yukune farkl cevap verdikleri rapor edilmistir (Erdem ve Savas, 2021).

Ticari tavukguluk sektdriinde kullanilan hatlarin ¢ok uzun siiredir tam kontrolli ¢evrede seleksiyona tabi
tutulmalari; akarin bir seleksiyon baskisi olusturmamasi, saf hatlardan elde edilen hibritlerin enfestasyona benzer
yanit vermelerinin kaynagi olabilir. Buna karsin saf irklarin 6zellikle hobi yetistiricileri elinde veya kigik
isletmelerde yerde serbest gezinmeli olarak yetistiriimeleri nedeniyle akara maruz kalmamalari neredeyse
olanaksizdir. Ancak akar baskisi bolgesel ve gezinti ile barinak kosullarina bagli olarak degisebilir. Bu kosullarda
Uretilen bu irklarin akara karsi farkli tepkiler géstermeleri miimkinddr.

Erdem ve Savas (2021) genotip gevre etkilesimi baglaminda Ug¢ tavuk genotipini ile besleme cevresi
bakimindan iki ve akarli ile akarsiz olmak Gizere toplam dort cevrede test etmislerdir. Genotip ve parazit etkilesimi
ad libitum besleme dizeyinde dnemliyken kisith besleme diizeyinde anlamli bir etkilesim bulunamamistir. Bu
calismada genotiplerin cevreler (besleme ve enfestasyon) bakimindan farkli reaksiyon gostermesi lzerine
cevrelerin etkilesiminin de ne denli 6nemli bir etki oldugu ortaya konmustur.

Erdem (2023) akrabali yetisme katsayisi 0,25 olan bildircinlarda, bliytime 6zellikleri bakimindan akrabali
yetisme depresyonunun etkisinin akar enfestasyonu altinda daha siddetli olmadigini rapor etmistir. Yazar akrabal
yetistiriimeyen grup ile akrabali yetistirilen gruplarin akar baskisindan oransal olarak benzer etkilendigini ortaya
koymustur. Ancak bu bulguyu daha iyi degerlendirebilmek icin akrabali yetistiriimeyen ve akrabali yetistirilen
“yumurtalarin” kulugka sonuglarini da bilmek gerekir. Nitekim %25 akrabali yetistirme katsayisina sahip gruplarda
embriyo kayiplarina bagh ¢ikis giicii ciddi anlamda dismdstir (Erdem ve Savas, 2022). Dolayisiyla yumurtalardan
cikabilenlerin nispeten “iyi gen kombinasyonuna” sahip bireyler olmasi muhtemeldir. Bu bireylerde de kotii cevre
kosullarinda (kirmizi akar enfestasyonu) akrabali yetisme depresyonunun etkisi beklenenin aksine,
siddetlenmemis olabilir.
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Konakg¢ida Yem Tiiketimi

Konagin beslenmesine baglh kirmizi akar enfestasyonunun etkisine dair ¢calismaya ulasilamamistir. Yalnizca
yazarin danismanliginda yiratilen bir doktora projesi kapsaminda farkh gevrelerin etkilesimleri baglaminda yem
kisiti uygulamasi bulunmaktadir (Erdem, 2023). S6z konusu ¢alismada besleme konusu derinligine irdelenmemis
olmasina karsin, yem tiiketimi ve yemden yararlanma baglamindaki sonuglar ilgi ¢ekici olmustur. Calismada ad
libitum besleme kosullarinda yem tiiketimleri enfestasyon altindaki hayvanlarda iki genotipte artarken bir
genotipte dismdistiir. Parazitten bagimsiz olarak ad libituma gore %20 yem kisiti uygulanan piliclerde yemden
yararlanmanin daha iyi oldugu bulgulanan calismada ad libitum veya kisith yemlemeye gore akarin etkisi
genotipler temelinde de farklilagsmistir.

Ekibin farkh calismalari yem tiiketimlerinin enfestasyon altinda kontrole gore artabilecegini ya da
disebilecegini gostermistir. Konyali ve ark. (2013) 12 haftalik yasa kadar yumurtaci piliglerde yaptiklari galismada
kanatli kirmizi akar enfestasyonu altindaki disi piliclerde yem tiiketimi kontrole gore degismezken, erkek piliglerin
yem tuketimlerini ylkselttiklerini rapor etmislerdir. Farkli genotipleri karsilastirdigi doktora ¢alismasinda Konyall
(2016) yem tliketiminin akar enfestasyonu altinda arttigini belirlemistir. Buna karsin ge¢ yumurtlama doneminde
bulunan yumurtaci tavuklarda enfestasyon sonrasi ilk 7 glinde yem tiketimi yikselirken daha sonra ciddi
anlamda diisttigii g6zlenmistir (Unbas ve ark., 2020). Erdem ve ark. (2020) bildircinlarda yaptiklari calismalarda
hafif akar enfestasyonu altinda yem tiiketiminin degismedigini ancak agir enfestasyon altinda yem tiiketiminin
distigini ortaya koymuslardir. Gorildigi gibi akar enfestasyonu altinda yem tiiketimi tiirler ve genotipler
bazinda degisebilmektedir. Ancak muhtemelen en etkili faktér akar yogunlugudur. Buna gore kuslar hafif
enfestasyonda yem tuketimlerini artirarak organizmanin akara karsi direncini desteklemeye calismaktadirlar.
Akar gerek dogrudan kan emerek gerekse dolayli yoldan, 6rnegin kasintiya neden olarak organizmanin enerji
gereksinimini yikseltmektedir. Ancak akar yogunlugu arttik¢a bir taraftan kasinma gereksinimi artmakta, yem
tiketimi kesintiye ugramakta; diger yandan muhtemel anemi nedeniyle hastaligin etkisi artmakta, istah azalmasi
nedeniyle yem tiiketimi digsmektedir.

Konakgida Fizyolojik Degisimler

Akar enfestasyonu en basta konakta kendisini kan degerlerindeki degisim ile belli etmektedir. Konagin
genel anlamda etkilenmediginin gorildigi tahmini bildircin palazi basina 250 akar yogunlugunda dahi
hemoglobin konsantrasyonu dismekte ve o6zellikle I6kosit yogunlugu degismemesine karsin eozinofil orani
artmaktadir (Erdem ve ark., 2020). Buna karsin akar yogunlugunun artisina paralel eritrosit yogunlugu ve
hematokrit orani ciddi anlamda diismektedir (Konyali ve ark., 2016; Erdem ve ark., 2020; Unbas ve ark., 2020).
Kan degerlerindeki bu diisiis muhtemel akarin kan emmesine bagl anemiye isaret etmektedir. Ayrica Sabir (2019)
tarafindan kirmizi akar enfestasyonunun pili¢ eritrositlerinde nikleik anomalileri anlamli derecede arttirdigi
gosterilmistir.

Bunlarin disinda Konyali (2016) akar enfestasyonu altindaki piliclerde kalp, karaciger, pankreas, dalak ve
bursa fabricius buylumesine isaret etmektedir. Buna karsin Erdem (2017) bildircinlarda oransal kalp ve karaciger
agirhklar bakimindan akar enfestasyonunun bir etkisini belirleyememis, yalnizca dalagin biyidigiine isaret
etmistir.

Calisma grubunun diger ilging bir bulgusu bildircinlarda tim karkas besin degerleri analizinden elde
edilmistir (Erdem ve ark., 2015). Enfeste bildircinlarda enfeste olmayan bildircinlara gére tam karkas kuru madde
orani anlamh olarak dismustir. Bu durumun muhtemel akar etkisine bagli lenf sivisi ve 6dem birikmesine bagh
olabilecegi ifade edilmistir.

Konakgi Davranisi

Hayvanlarda davranis ¢evre gereksinimlerinin ya da gevresel rahatsizliklarinin 6nemli bir belirtecidir. Bu
anlamda tavuk ve bildircinlarin kirmizi akara davranissal yanitlari 6l¢lilmistir. Kuslarin akar enfestasyonuna en
onemli davranissal yanitlari kasinma seklinde gelismistir (Konyali ve ark., 2018). Kasinma siddeti akar
yogunluguna baglh olarak artmaktadir (Erdem ve ark., 2020). Buna karsin diger davranislara ayrilan zamanin
azaldigi gdzlenmektedir. Ornegin bildircinlarda yiiksek akar yogunlugunda yeme yonelim davranis sikhg
dismektedir (Erdem ve ark., 2020).
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Konyali ve ark. (2018) tavuk irklari ile bildircinlari konu aldiklar bildirilerinde akar enfestasyonu altindaki
hayvanlarin genellikle daha hareketli olduklarini rapor etmislerdir. Muhtemelen konfor davranisini asacak sekilde
kasinma sikliginin artisi ve yani sira lokomosyonun da artmasi enfestasyon altindaki hayvanlarda ek bir eneriji
kaybina neden olmaktadir. Ote yandan akarin kusun derisi lizerinde gezinmesi ve isiriklari nedeniyle olusan
stresin de hayvanlarin refahini 6nemli 6lgtuide diiglirmesi olasidir.

Konakgi Mortalitesi

Unbas ve ark. (2020) yaptiklari calismada 60 haftalik yastaki yumurtaci tavuklarda kontrol grubunda
mortalite %4,2 olarak gerceklesirken, akar ile enfeste tavuklarda bu oran %87,5’e ylkselmistir. Yazarlar bu
nedenle denemeyi erken bitirmek durumunda kaldiklarini ifade etmislerdir. Erdem ve ark. (2020)'nin
¢alismalarina gore biylime doneminde bildircin basina yaklasik 250 akar yogunlugunda mortalitenin kontrole
gore degismedigi; ancak akar sayisinin palaz basina 10 kat (2500 akar) artmasi durumunda akar enfestasyonu
altindaki bir palazin 6lme olasiliginin kontrol palazina gére yaklagik 97 kat arttigi gorilmektedir. Blyume
doénemindeki bildircinlarin genel anlamda c¢ikimdan 42 ginlik yasa kadar haftalik canli agilik 6lgimi
tekrarlarindan elde edilen ortalamanin 100 g civarinda (2 haftalik yasta ~50g, 6 haftalik yasta ~250g) olmasi
beklenir (Erdem, 2017). Nitekim bir akarin 203 ug kan emebildigi distintldiglinde 2500 akar yaklasik gecede bir
kustan 0,5g kan emmektedir. Saglkh bir kusun kan miktari, 100g canh agirlik basina 6 ile 11 ml arasinda
degismektedir (Seliger, 2009). Klinik olarak saglkli kuslarda kan 6zgiil agirligi 1,005-1,020 g/cm? arasindadir (Harr,
2002). Buna gore 2500 akarin 100 g agirhiginda bir kusun toplam kan miktarinin yaklasik %4 ile %8’ kadarini
emebilecegi ortaya ¢ikmaktadir. Bunun tekrarlanmasi durumunda organizma muhtemelen bir siire sonra s6z
konusu kan miktarini dengeleyemez hale gelmektedir.

Genel anlamda yazar ve ¢alisma grubunun yaptigi calismalarda (bildircin ve tavuk) belli bir akar yogunlugu
sonrasi enfestasyon altindaki bir kusun 6lme olasiliginin enfeste olmayan kusa gore %36 ile %976,5 arasinda
oldugu ortaya konmustur (Erdem ve ark., 2020; Unbas ve ark., 2020; Kaymaz ve ark., 2023). Kaymaz (2022)
bildircinlarin 42 giinliik yasa kadar biiyime kayitlari Gizerinde yaptig1 analizlerde kus basina akar sayisindaki her
1000 akar artiginin bir palazin 6lme olasihigini %11 artirdigini rapor etmistir.

TARTISMA

Prevalansa yonelik calismalar kirmizi akarin ortadan kaldirilmasinin miimkin olmadigini géstermektedir
(Cencek, 2003; Fiddes ve ark., 2005; Sparagano ve ark., 2009; Yakhchali ve ark., 2013; Konyah ve Savas, 2021).
Hatta klresel Isinmanin parazitin etkilerini cografik olarak yayginlastirabilecegi ifade edilmektedir (Skuce ve ark.,
2013). Dolayisiyla basta tavukguluk olmak Uzere kanatli sektori bu parazit ile birlikte kendini strdirmeyi
o6grenmelidir. Bu anlamda parazitin etkilerinin ekonomik ve hayvan refahini olumsuz etkilemeyecek bir seviyede
tutulmasi 6nemlidir.

Kirmizi akar enfestasyonunun kontrol yontemleri igerisinde kimyasal kullaniminin hayvan, insan ve cevre
saghgi acisindan risk olusturdugu bilinmektedir. Ozellikle akarisitlerin bilingsiz kullanimi séz konusu riski daha da
yukseltmektedir. Bunun yani sira akarlarin kimyasallara karsi hizl bir sekilde direng sagladiklari da rapor edilmistir
(Sparagano ve ark., 2014).

Bu makalenin yazarinin da igerisinde bulundugu ekip tarafindan yapilan ¢alismalarin bulgularindan
yararlanilarak kuslarin refahini en az etkileyebilecek akar sayisini bulmak mimkindir. Akar sayimi igin kuslarin
geceledikleri yerlerin (6rnegin tiinek) yakinina yapiskanl tuzaklar konularak kuslarin barinaklarinda akar
yogunlugu tahmin edilebilir. Bu noktadan yola ¢ikilarak akar yogunlugunun, basit bir tahminle 2500 akar/kg canli
agirhgin altinda olmasi gerektigi séylenebilir.

SONUC

Dermanyssus gallinae’nin basta yumurta tavukgulugu sektori olmak Gzere tavukgulukta hem verim hem
Uriin kalitesi hem de bunlara bagl olarak ciddi bir ekonomik sorun oldugu bir¢ok yazar tarafindan ortaya
konulmustur. Yazarin da igerisinde bulundugu arastirma grubunun calismalari da séz konusu bulgular
dogrulayarak ilave olarak bazi 6zellikler baglaminda sorunlari géstermistir. Bu ¢calismalarda daha ziyade bliyime
dénemine odaklaniimis, erken biylime dénemindeki akar enfestasyonunun etkilerinin erken yumurtlama
dénemine tasindigl ortaya konmustur. Calismalarda etkilerin ve akar yogunluklarinin sayisallastirilmasina gayret
edilmistir.
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Ote yandan genotiplerin cogunlugunun akar enfestasyonuna benzer yanit verdikleri gériilmesine ragmen
bazi genotiplerin bu anlamda farkhlasabildigi belirlenmistir. Bu anlamda genetik diren¢ ve/veya tolerans
konusunda daha fazla ¢alismaya gereksinim bulunmaktadir.

Akarin etkisi Gizerine konagin beslenmesinin etkileri konusunda ¢alismaya rastlanmamistir. Bu makalenin
yazari ve galisma ekibi tarafindan yapilan besleme kisitina yonelik calisma bu noktada da derinlesmeye ihtiyag
oldugunu gostermektedir. Zira akar enfestasyonu altinda besleme dlzeyinin (miktar) kuslarin biylimesini
etkiledigi gbzlenmistir.

Performans o6zelliklerinden gozlemek mimkin olmasa da disik akar yogunluklarinda dahi kuslarin
etkilendigini kan degerlerinde gozlemek mimkin olmustur. Kan degerlerindeki degisime paralel kasinma
davranislarindaki artis, akar varliginda hayvanin genel anlamda refahini olumsuz etkileyebilecegini gostermistir.

Akar yogunlugunun artmasi durumunda, kanatli barinaklarinda akarin yuvalanabilecegi vyerlerin
kapatilmasi veya yapilarin buna gore degistirilmesi gibi, 6ncelikle kulturel énlemler duslinulmelidir. Kultirel
onlemler igerisinde akarlarin yuvalandiklari yerlerin piriimuzle yakilmasi da sayilabilir. Kiltlrel 6nlemlerin yani
sira bitkisel kaynakli, 6zellikle akar izerinde kagirici etkisi olan maddeler kullanilarak da 6nlem alinabilir. Kimyasal
akarisitler en son care olarak diistintlmelidir.

Tesekkiirler: -

Veri kullanilabilirligi: Veriler makul talep tizerine saglanabilmektedir.

Yazar Katkilari: -.

Cikar gatismasi: -

Etik Beyan: Yazar, bu derleme makalesi igin etik kurula ihtiya¢ olmadigini beyan eder.
Finansal destek: -

Makale Agiklamasi: Bu makale Editér Cagri KANDEMIR tarafindan diizenlenmistir.
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ABSTRACT

It is known that since ancient times, people herded sheep and wove simple fabrics by making yarn from their fleece. Wool was first used in fabric weaving by
the Babylonians around 4000 BC. Sheep breeding and fleece production are humanity's oldest organized industrial activities. It is also accepted that fleece was
the first commodity of sufficient value to warrant international trade. It is estimated that approximately 800 years BC, sheep known for the fineness of their
fleece were bred in Phrygia, in the western parts of Anatolia, and they were later taken to Spain via Greece, Italy and North Africa. In the 12th century, when
the Moors tribe called Beni-Merines was dominant in Spain, great importance was given to breeding thin-wool sheep and the resulting sheep were called
Merino. These sheep were so valuable to the Spanish that selling them before 1700 was punishable by death. When the Spanish Empire entered a period of
decline, these sheep were given as gifts or sold and spread to different countries of the world. Today, pure breeding is done with Merino sheep in different
countries of the world, as well as crossbreeding with local breeds in the countries where they are taken to, resulting in very different genotypes.

Wool, which has an important historical past and is a matter of prestige among countries, has lost its importance and use in different periods of time,
succumbing to the influence of the fiber types used in the world textile industry. However, in recent years, it has been observed that there have been
remarkable developments in sheep breeding in the world. Among the factors affecting this: Globalization in country economies, regulations in world and
regional markets, intercountry travel, developments in communication opportunities, increased awareness of environmental protection, changes in animal
health and consumption preferences come to the fore. Perhaps most importantly, today, fleece has begun to be accepted as an environmentally positive fiber
option that, in addition to its many features, has a number of advantages such as being 100% natural, renewable, biodegradable and recyclable on a planet
where the ecological balance is disrupted.

Keywords: Sheep, Merino, wool, merinozization

Merinos Koyun ve Yapagi

oz

Cok eski caglardan beri insanlarin koyun guttikleri ve yapagisindan iplik yaparak basit kumaslar dokuduklari bilinmektedir. Yiin, kumas dokumalarda ilk defa
Babiller tarafindan MO 4000 yillarinda kullaniimistir. Koyun vyetistiriciligi ve yapag tretimi insanligin en eski organize endistri faaliyetidir. Yapaginin,
uluslararasi ticareti garanti altina alacak degere sahip ilk meta oldugu da kabul edilmektedir. MO yaklasik 800 yil 6nce Anadolu’nun bati kisimlarinda Frigya’da
yapagilarinin inceligi ile taninan koyunlarin yetistirildigi ve bunlarin daha sonralari Yunanistan, italya ve Kuzey Afrika yolu ile ispanya’ya gétiiriildiigii tahmin
edilmektedir. ispanya’da 12. ylizyilda Beni-Merines adi verilen Moors kabilesinin hakim oldugu dénemde ince yapagili koyun yetistirmeye cok énem verilmis
ve elde edilen koyunlar Merinos olarak adlandirilmistir. Bu koyunlar ispanyollar icin o kadar degerliydi ki, 1700’lii yillara kadar ilke disina satanlar &liimle
cezalandirilirdi. ispanya imparatorlugu gerileme dénemine girdiginde ise bu koyunlar hediye veya satilma ile diinyanin farkli cografyalarina yayilmistir. Bugiin
dinyanin farkli tlkelerinde Merinos koyunlar saf olarak yetistirildigi gibi goturtldikleri tlkelerdeki yerli irklar ile melezlenerek ¢ok farkl genotipler elde
edilmistir.

Onemli bir tarihsel gecmisi ve iilkeler arasi prestije konu olan yapagi, farkli zaman dilimlerinde diinya tekstil sanayinde kullanilan lif gesitlerinin etkisine yenik
duserek, 6nemi ve kullaniminin geriledigi donemler yasamistir. Ancak son vyillarda diinyada koyun vyetistiriciliginde dikkat gekici gelismelerin oldugu
gozlenmektedir. Bunlar arasinda; tlke ekonomilerindeki kiiresellesme, diinya ve bolgesel pazarlardaki diizenlemeler, iletisim olanaklarindaki gelismeler,
cevreyi koruma konusundaki duyarliligin artmasi ve tiketim tercihlerindeki degisimler 6ne ¢ikmaktadir. Belki de en 6nemlisi buglin yapagi bircok 6zelliginin
yani sira ekolojik dengenin bozuldugu diinyada %100 dogal, yenilenebilir, biyolojik olarak pargalanabilir ve geri dénustirulebilir olmak gibi bir dizi avantaja
sahip, cevresel agidan olumlu bir elyaf segenegi olarak da kabul gérmeye baslamistir.
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GIRIS

insanlar MO 10.000'den beri hayvanlardan elde ettikleri yapagiyi yikiyor, dokuyor ve giyiyor. Tarihsel
belgeler, koyunlar evcillestiren ilk insanlarin MO 9.000 civarinda Mezopotamya'da oldugunu géstermektedir
(Ensminger 1986). Uygarliginin baslangicindan bu yana, dogal lifler kiyafet, ev tekstili ve diger birgok tekstil cesidi
Uretiminin omurgasini olusturmustur. Bu lifler arasinda Merinos koyunlarindan elde edilen yapagi 6zel bir 5neme
ve degere sahiptir. Merinos koyununun yapagisinin ge¢misi antik kokenlerin, kraliyet tekellerinin ve kiiresel
yayllmanin buyuleyici bir hikayesidir. Yapagi diinya kiresel elyaf pazarinin %0.9'unu olusturmaktadir. 2022 yili
itibariyla yaklasik 1.2 milyar koyun, ev ve giyim tekstilleri icin yaklasik 1.9 milyon kg ham yapag: Uretmistir
(FAOSTAT 2024). Bugiin Avustralya, dinya capinda kaliteli giysilerde kullanilan Merinos koyunu yapagisinin
%80'ini saglamaktadir. Arjantin, Yeni Zelanda, Gliney Afrika, Amerika Birlesik Devletleri ve Uruguay da giyimde
kullanilan ince yapaginin 6nde gelen ureticileridir (Anonim 2024a).

Mensei ispanya olan Merinos koyunlari, olaganiistii yapagi kalitesi nedeniyle ispanyol kraliyet ailesi ve
soylulari tarafindan tercih edilen uzun ve Unlu bir tarihe sahiptir. Merinos koyunu yapagisini digerlerinden ayiran
ince ve yumusak liflerdir ve bu da onu tekstil endistrisinde oldukg¢a aranir hale getirmistir. Bu koyunlarin beyaz,
gri ve kahverenginin tonlarinda farkh renklere sahiptir ve bu da gorsel ¢ekiciliklerini artirmaktadir.

Merinos koyunlari, hem sicak hem de soguk ortamlarda geliserek farkh iklimlere uyum saglamalariyla
taninmaktadir. Yapagilari, Gstin konfor, dogal yalitim, nem emici 6zellikler ve koku direnci sayesinde giysiler,
battaniyeler ve iplikler de dahil olmak Uzere genis bir Griin yelpazesinde kullanilmaktadir. Merinos koyunu
yapagisi, tekstil Griinlerinde hem kalite hem de sirdiriilebilirlik arayanlarin ilk tercihidir. iklim degisikliginin
gercekleri ve daha siirdurilebilir malzemelere olan ihtiyaglara ilginin arttigi bir dénemde, Merinos yapagisi,
bircok sentetik materyalin ¢evresel dezavantajlari olmadan olaganiisti 6zellikler sunan dogal bir elyaf olarak 6ne
¢ikmaktadir. Bu derlemede Merinos koyunu ve yapagisinin gegmisten bugline insan yasami ve toplumlarin
gelisimindeki yeri ortaya konmustur.

Merinos Koyunu ve Yapagisinin Gegmisi

Koyunlarin yapagi yoniinde segici olarak yetistirilmesinin MO 6000 yillarinda, beyaz yapagili koyun elde
etme cabalarinin ise MO 3000 yillarinda Mezopotamya'da basladigina inaniimaktadir. Bronz Cagi'na (MO 2300-
600) gelindiginde, modern irklara benzer 6zelliklere sahip koyunlar Bati Asya'da yetistirilirken ticaret yoluyla
Kuzey Afrika'ya ve Avrupa'ya gétiirilmislerdir (Anonim 2024b). MO 800 yillarinda Anadolu’nun Frigya bélgesinde
yapagilarinin giizelligi ile taninan koyunlar yetistirilir ve bu koyunlarin yapagilarindan degerli yinli kumaslar
yapilirdi. Bu koyunlar daha sonra italya’ya ithal edilmis ve zamanla bu koyunlardan birbirinden farkli iki irk
meydana getirilmistir. Bunlarin bas, bacaklar ve karin altlari yapagi ile 6rtiiliyda. Birinci irk yil boyunca serbest
olarak italya’nin Kalaribya daglari ve vadilerinde yayilirlardi. ikinci irk ise kiigiik stiriiler halinde agilda tutulur ve
bakimlarina daha fazla 6nem verilirdi. Bunlarin yapagilari ince ve yumusak olup, Roma imparatorlugu doneminde
Britanya, Galya ve Yunanistan’a gotirilmuslerdir. O dénemlerde Anadolu’da Milet bolgesi yetistirilen yliksek
verimli koyunlari ile taninirdi. Roma imparatorlugu dért asir boyunca ince yapagili koyun irklari yetistirmeyi
sirdlirmistir. Fakat imparatorluk yikiinca bu koyunlarin yetistiriciligi gerilemis ve yalniz ispanya’da bazi ince
yapagili koyun yetistiren bélgeler varligini siirdiirmiistiir. ispanya’da orta ¢agda gelisen koyunculuk faaliyeti bu
koyunlara dayanmaktadir (Batu 1962, Sonmez 1974).

Merinos koyunu ve ince yapagisinin kokenleri, Kuzey Afrika ve Orta Dogu'nun ilk uygarliklarina kadar
uzanmaktadir. Kuzey Afrika'nin yerli Berberi kabilelerinin otlatma konusundaki yetenekleri ile Merinos
koyunlarinin ilk gelisiminde etkili oldugu tahmin edilmektedir. Hayvancilik ve tekstil isciligindeki becerileriyle
taninan bu kabileler, yabani Mouflon koyunlarinin evcillestirilmesi ve yetistiriimesi konusunda da 6nciydiler
(Anonim 2024c). Berberi kabileleri yillar igindeki ¢abalari ile yapagisi daha ince ve yumusak olan ve sonradan
ozellestirilmis Merinos'a dénisecek olan bir koyun irkinin ortaya ¢ikmasina éncilik etmistir. Berberi kabileleri
ile Merinos koyunlari arasindaki dinamik iliski, insan toplumlari ile dogal diinya arasindaki derin tarihsel baglari
da vurgulamakta ve eski donem pastoralistlerin tekstil endistrisinin gidisatini sekillendirmedeki becerikliligini de
ortaya koymaktadir. Tarihciler, Merinos koyunlarinin atalarinin izinin, Kuzey Afrika ve iber Yarimadasi'nin ilk
evcillestirilmis koyunlarina kadar uzanabilecegine inanmaktadir. Bu koyunlar, Akdeniz bolgesinin farkli
iklimlerinde gelismelerine olanak taniyan dayanikliliklari ve uyum saglama yetenekleriyle biliniyordu. Zamanla bu
ilk irklar iber Yarimadasi'na goé¢ ederek yerel koyun siiriileriyle giftlestirilmislerdir. Bu genetik karisim sonunda
Merinos olarak bilinen ve yiiksek kaliteli yapagi ile esanlamli hale gelecek farkl bir irkin ortaya ¢ikmasina yol
acmistir.
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Koyun, Fenikelilerle birlikte Kiiciik Asya ve Kuzey Afrika'ya girmistir. Merinos koyunlarinin ispanyadaki
temel sdrdleri, bu boélgeye koyun ¢obanlarinin yer aldigi gécebe kabilelerden biri olan Marinidler adi verilen
Berberi kabilesi tarafindan 12. yiizyilda getirildigi varsayilmaktadir, ancak bundan éncede iber yarim adasinda
bulunmus olmalari mimkiindir. Bu doneme ait koyunlarla ilgili tarihi kayitlar azdir, ancak ince yapagili Kuzey
Afrika koyunlarinin genellikle 1300'lerin basi ile 1400'lerin ortasi arasinda ispanya'ya getirildigine inanilmaktadir.
Yapagilarindan etkilendikleri bu koyunlari ispanyol ¢cobanlarin kendi siiriilerine katmalari uzun siirmemistir.
Kokenleri hala bir tartisma konusu olarak kalsa da, Fas ve ispanya’nin ilk siiriilere kaynak olusturdugu bélgeler
olduguna da inanilmaktadir. Genetik calismalar, Merinos koyunlarinin, italya’daki koglar ile Roma déneminde,
Kuzey Afrika’daki koglar ile ortacag ve 15. yiizyilda ingiliz koglari ile birlikte, diger irklarin ¢capraz melezlemeleri
Churro koyunlarindan gelistirildigini ortaya koymaktadir (Ralph 2020). Sonraki iki yiiz yilda ingiltere ve ispanya
irklarinin melezlenerek bugiin bilinen Merinos koyunlarinin ortaya ¢iktigi tahmin edilmektedir. Bugiin Merinos
koyunlarinin énemli bir kismi Royal Escurial, Paula ve Negretti olarak ifade edilen ¢ genotipe dayanmaktadir
(Anonim 2024c). Son genetik calismalara gére, modern Merinos koyunlarinin ispanyol Churras koyunlari, italyan
yapagl koyunlari ve hatta ingiliz koyun irklar arasindaki cesitli melezlemelerin sonucu oldugu da
disiinilmektedir. Merinos koyununun kesin kékeni ne olursa olsun, 15. yiizyilin sonuna gelindiginde ispanya, bu
evcillestirilmis, yapagi lireten irk sayesinde Avrupa yiin pazarinda ingiltere'nin dogrudan rakibi olmustur (Anonim
2024b).

Merinos irkinin ispanya'daki kékenine iliskin ¢ teori éne siiriilmektedir. Bunlar; 12. yiizyil Kuzey Afrika
sirllerinin ithalat, 12. ve 13. yiizyillarda Extremadura'daki kékenin gelisimi ve ispanya koyunlarinin farkli
zamanlarda ithal koglarla melezlenmesi, bu da 15. ylzyil karakteristik ince yapaginin gelismesine yol agtigi
seklinde ifade edilmektedir. Tiim teoriler, Merinos irkinin kékeninin Kuzey Afrika'ya dayandigini ve bu irkin daha
sonra Kuzey Afrika koglarinin gocu ve Kuzey Afrika koyunlarinin Kiiglik Asya'daki irklara benzer bir baglangig
populasyonu ile gelistigini kabul etmektedir (Anonim 2024b).

Merinos koyunlari ve yapagilari, 8. yiizyildan 15. yiizyila kadar siiren ispanya'nin Endiiliis Mislimanlari
tarafindan yénetimi sirasinda iber Yarimadasi’na gelmistir. ispanyol cobanlar Merinos'un ince yapagisinin
degerini anlamalari ile daha ylksek yapagi kalitesi icin koyunlari secerek yetistirmeye baslamislardir (Batu 1962).
12. yiizyila gelindiginde ispanya kiiresel yiin ticaretinin merkezi haline gelmistir ve Merinos koyunu yapagisi
degerli bir Giriindiir. Bu dénemde ispanya yiin endistrisi yiiksek kaliteli iirlinlere sahip olmasinin getirdigi avantaj
ile 12. ve 16. ylizyll arasinda yaklasik 400 yil yiin tekelinden yararlanmistir.

Merinos koyunlarinin Orta Cag Ispanya'sina kadar uzanan zengin bir tarihi vardir. “Merinos” terimi,
ispanyolca kraliyet anlamina gelen “Merino” kelimesinden tiiretilmistir. Bu irk, yiinlerinin olaganisti kalitesi
nedeniyle baslangicta ispanyol kraliyet ailesi ve soylulari tarafindan tercih edilirdi. Mevcut siiriilerin nemli bir
kismi kilise veya soylulara aitti (Anonim 2024e). ispanyol monarsisi, yiin pazari tizerindeki kontroliinii siirdiirmek
icin kati ticaret kisitlamalar uygulayarak Merinos koyunu yapagisi lizerinde etkili bir tekel yaratmistir ve bu
ayricalik, Avrupa pazarlarinda kaliteli kumasa olan talebi artirmistir. Merinos koyunlari Orta Cag'da ispanya'da
bulunsa da, baslangicta Avrupa yiin pazarinda 6nemli bir etki yaratacak kadar sayisal bir varliga sahip degildiler.
ispanya ve Kuzey Afrika koyunlarinin ilk melezleri bu siire zarfinda yeterince ve diizenli yapag liretememislerdir.
Bu yeni melez genotiplerin ispanya’daki siriilerde verimligi arttirmasi zaman almistir. Merinos artik adini
duyurmaya baslamistir ancak Orta Cag'in biiylik bélimiinde yiin pazarina hakim olan ingiltere yiinii kadar yaygin
degildi. ingiltere’deki siiriiler yiiksek miktarda yapagi iretiyor ve tiiccarlar Avrupa yiin ticaretinin biyiik bir
bollimini kontrol ediyordu. Ancak bu durum 1500'lerin sonlarinda degismeye baslamistir (Anonim 2018).

ispanyali cobanlar, Orta Cag'in biiyiik béliimiinde Merinos koyunlarini yogun bir sekilde yetistirip sayilarini
artirdilar ve ince yapagili koyunlarla ilgili haberler yayiliyordu. 1500'lerin sonlarina gelindiginde, ispanya
surillerindeki Merinos koyunlarinin sayisi 6yle bir noktaya ulasmisti ki, bu koyunlardan elde edilen yapagi,
ingiltere’nin yiin ticaretindeki hakimiyetini alt Gist etmistir. Herkesin ilgisini ceken ispanya’nin ince ve yumusak
yapagisi, ortalama ingiliz yapagisinin ¢ok iistiinde bir degerden satarken, Merinos koyunlarini satmaya génlli
degillerdi. Ispanya, ince yapag! pazarini basariyla ele gecirmisti ve bunu kimseyle paylasmak istemiyordu. Orta
Cag'in sonlarinda Merinos koyunlari ispanyol ekonomisinde ¢ok &nemli bir paya sahip hale geldi. Avrupa ¢apinda
ince yiinlii tekstillere olan talep arttikca, ispanyol monarsisi Merinos irkinin potansiyelini fark etti ve 13. yiizyilda
Mesta organizasyonunu kurdu. ispanyol koyun vyetistiriciligi kralin korunmasi ve asil siirii sahiplerinin etkili ilgi
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grubu olan “Mesta” ile saglanmaktaydi. Bu gliclii lonca, Merinos koyunlarinin yetistirilmesi, yénetimi ve ticaretini
kontrol ederek yapagi kalitesini ve Ispanya yiin endistrisinin refahini garanti altina almistir (Anonim 2024b).
Mesta'nin basarisinin dnemli bir yoni, koyunlarin kislik ve yazlik meralar arasinda mevsimlik goci olan yaylacilik
sistemini uygulamasidir. Bu uygulama, Merinos siirilerinin farkl bitki 6rtist tGzerinde otlamalari ile yapagilarinin
Ustiin kalite 6zelliklerine sahip olmasini saglamistir (Anonim 2024c).

ispanya’da Merinos koyunlan yerlesik ve gdcer olmak Uzere iki tipte yetistiriciligi yapiliyordu. Goéger
stiriiler kiralanmis meralarda otlatilirken, yil icinde uzun mesafeler kat ederlerdi. ispanya’da yetistirilen Merinos
koyunlari Eskurial, Elektoral, Infandato, Negretti, Guadluope ve Paular tipleri olarak ayrilirlardi. Bu koyunlar
yapagilarinin incelik, uzunluk ve verimleri bakimindan oldugu kadar, kondisyonlari bakimindan da farkhydilar
(Batu 1962). 13. ve 14. yiizyilda Ispanya’daki yetistiriciler yiin egirme islerinde tekel olusturmuslardir. 15. yizyil
sonlarindan itibaren Ispanya'nin giiney eyaletlerinde koyun siiriilerine 6zel otlatma haklari taninmistir. Bu sayede
yillik uzun gégler yapabilen bu siiriilere Ovejas Merinos (Gezici koyun) adi verilmisti. ispanya, uzun bir siire “Oveja
Merinos” adi verilen koyunlara dayanan ince yapagi lretiminde tekel olma konumunu korumustur (Anonim
2016). Baslangigta yalnizca kiliseye veya soylulara ait olan Merinos koyunlarinin 18. yiizyila kadar yasal olarak
ihrag edilmemistir.

ispanya tekeli ve Merinos'un diinyaya yayilmasi éniindeki engel Napolyon savaslari (1793-1813) ile sona
ermigtir. 18. ylizyil boyunca yavas yavas bu irk soylu aileler araciligiyla Avrupa'ya ihrag edilmeye baslamigtir. 1810
yilindan itibaren Merinos yiinii endustrisi Almanya, Avustralya ve Amerika Birlesik Devletleri'ne tasinmistir
(Anonim 2024d). 18. yiizyil sonlari ve 19. yiizyll baslarinda ispanya hiikiimeti Merinos koyunlarinin ihracatina izin
vermesi kisa siirede siiriilerin ingiltere ve Almanya gibi llkelere dogru yola gikmasini saglamistir. Ozellikle
ingilizlerin Merinos yiiniine biiyik ilgisi sayesinde tekstil endiistrisinin temel tasi haline gelmistir. 1778'de, irkin
genetik i1slahina yonelik ilk gercek ¢alisma Almanya'da baslamistir. 1800'lerin basinda Merinos koyunlari, daha
sonra diinyanin en biiylik Merinos yapagisi Ureticisi haline gelecek olan lireme icin ideal kosullari bulduklari
Avustralya ve Yeni Zelanda'ya dogru yola ¢ikmislardir. lliman iklim, genis otlatma alanlari ve yirtici hayvanlarin
yoklugu Merinos koyunu popilasyonunun gelismesine olanak saglamistir. Avustralya ve Yeni Zelanda da Merinos
yini endustrileri hizla genislemesiyle hem miktar hem de kalite acisindan ispanyol yiin pazarini geride
birakmistir.

Merinos irki, ytzyillar boyunca siirdiiriilen melezleme ve seleksiyon uygulamalari ile 6nemli degisikliklere
ugramistir. Yetistiriciler, daha ince yapagiya sahip, daha fazla yapagi agirhigi ve belirli ortamlara daha iyi uyum
saglama gibi arzu edilen 6zelliklere sahip koyunlari elde etmek igin suirekli seleksiyon uygulamiglardir. Bu islah
sureci, Merinos koyunlarinin gesitli tiplerin gelismesine yol agmistir. Merinos koyunlari diinyaya yayildikga,
yetistirildikleri bolgelerin 6zel ihtiyaclarina ve tercihlerine uyacak sekilde gelismeye devam etmislerdir. Ornegin
Avustralya Merinosu, liks kumaslara olan yliksek talebi karsilayacak sekilde en ince ve yumusak yapagiyi Gretmek
lizere yetistiriciligi yapiimistir. Ote yandan, ispanyol Merinos’unun soyundan gelen Amerikan Rambouillet'i, ABD
pazarinin ihtiyaglarina uygun sekilde, yapagl ve et lretimi arasinda denge kurulacak sekilde gelistirilmistir
(Anonim 2024f). Merinos koyunlarinin bu farkh tipleri, tekstil ve hayvancilik endistrilerindeki cesitli ihtiyag ve
gereksinimleri karsilayan benzersiz avantajlar ve Ozellikler sunmasi nedeniyle, irkin gekiciligini korumasini
saglamistir.

Buglin Merinos koyunlari Kuzey Amerika, Afrika ve Asya dahil her kitada bulunmaktadir. Bunlar arasinda
Amerika kitasinda Amerikan merinosu ve Delaine merinosu; Okyanusya’da Avustralya merinosu, Booroola
merinosu ve Peppin merinosu; Avrupa’da Gentile di Puglia (italyan merinosu), Merinolandschaf ve Rambouillet
sayilabilir (Ciani ve ark. 2015).

19. ve 20. yizyil Avustralya ve Yeni Zelanda, Merinos yapagisi tiretiminde diinya liderleri haline gelmistir.
Uzun yillar yapilan seleksiyon calismalari sonucunda Avustralya Merinos yapagl ¢apl 12-24 mikron arasinda
degisen lifleri ile artik diinyanin en iyi yapagisi olarak kabul edilmektedir. Avustralya ve Yeni Zelanda Merinos
endustrileri, koyunlarinin ve yapagilarinin kalitesini daha da artirmak i¢in suni tohumlama ve embriyo transferi
gibi yenilikci yetistirme tekniklerine de onciilik etmektedir. Bu yaklasimlar 20. ylizyilda sentetik elyaflarin
yukselisine ragmen, kiiresel yapagi pazarinda rekabet tstinlGgini korumalarini saglamistir (Anonim 2024c).
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Koyuncu

Tiirkiye’de Merinos Koyununun Tarihgesi

Tanzimat’in ilanindan sonra devletin toplumsal ve ekonomik yapisini gelistirmek igin girisim baslatildigi
doneme bakildiginda dokumaciligin gelismesi icin 6nemli bir caba gosterildigi anlasiimaktadir (Bekman 1965). 19.
yuzyildan itibaren yeni askeri birlikler kurulmaya baslamasiyla bu askerlerin kiyafet ihtiyaclarini gidermek igin
fabrikalar kurulmus ve bu fabrikalar kaliteli yiine ihtiya¢ duymuslardir. Tanzimat’tan sonra devlet eliyle kurulan
fabrikalardan bazilari izmit Cuka Fabrikasi, islimiye Cuka Fabrikasi, Hereke Kumas Fabrikasi ve Veli Efendi Basma-
Kumas Fabrikasi’dir. Bu fabrikalar Uretecekleri kumaslarin hammaddesi olan yiini Tirkiye’de lretmek igin
girisimde bulunmuslardir. Bu girisimler sonucunda kaliteli ve verimli yapagisi olan Merinos koyunlarinin yurt
disindan getirtilmesi ve yerli koyunlarla ciftlestirilerek sayilarinin ¢ogaltilmasi ¢alismalari baslanmistir (Odabasi
2013).

Tirkiye’deki mevcut koyun irklarinin islahi ile ilgili calismalar Osmanli imparatorlugu dénemine kadar
uzanir. Merinos koyununun Osmanli Devleti'nde uretilen kumasin kalitesini yukseltmek istenmesiyle ulke
topraklarina getirilmesi fikri 1835’li yillarda kabul edilmis ancak bu tarihi takip eden birkag yil boyunca bir girisim
olmamistir. ilk kez 1839 yilina gelindiginde 600 Merinos koyunu getirilerek Edirne bolgesindeki ciftliklere
dagitilmistir (Odabasi 2013). istanbul’da bulunan Feshane fabrikasinin yiin ihtiyacini karsilamak icin 1841 yilinda
ispanya’dan getirilen Merinos koyunlarinin Trakya ve o dénemler Osmanli Devleti sinirlari igerisinde yer alan
Bulgaristan’da yetistirildigi bilinmektedir. Merinos koyunlari 1843 yilinda bugiinkii Karacabey Tarim isletmesine
getirilmistir. 19. ylzyil sonlarinda ciftlikteki Merinos koyunlarinin sayisi binlerle ifade edilen bir varliga ulagmistir.
Daha sonraki yillarda disardan getirilen yapagi ile rekabet edemeyen Merinos yetistiriciligi dnemini yitirmistir.
Osmanl padisahi Abdilaziz doneminde baslayan ilk Merinoslastirma ¢alismalarina Il. Abdiilhamit déneminde son
verilmistir (Yarkin 1959).

Cumhuriyet dénemi ile birlikte Merinos yetistiriciligi tekrar ele alinmistir. 1923’te izmir'de toplanan
Tirkiye iktisat Kongresi’nde iilkede uygun irklarin islahi ve ¢ogaltiimasi i¢in calismalar yapilmasi gerektigi fikri dne
cikmistir (Okgiin 1971). Bu kapsamda Merinos koyununun islahi ve ¢ogaltiimasi ilgili calismalara baslaniimasi
karari alinmistir. Bunda, Turkiye’deki yerli koyun irklarinin yinli dokuma sanayisine uygun nitelikte yapagiya
sahip olmamasi da 6nemli bir etken olusmustur (Anonim 1952).

Cumhuriyet doneminde koyun islah galismalarinda ilk planda yinli dokuma enddstrisinin ihtiyaci olan
yapaginin bir kisminin Glke icinden karsilanmasi distintilmis, ekonomik degeri yliksek bu irkin gelistirilmesi icim
25 Temmuz 1928 yilinda Koyun Yetistirme Yoniinii Tespit Komisyonunda bu koyunun vyetistirilmesine karar
verilmistir. Merinos irkinin yerli koyun irklarina gére daha Ustiin olmasi, yerli irklar ile melezlenmesinde etkili
olmustur. Oncelikle Karacabey harasinda Kivircik koyunlar ile melezleme calismalarina baslanmistir. Bu
calismalarda; damizliklarin saf yetistiriimesi, adaptasyonlarinin arastiriimasi, yiksek verimli Merinos koyunlarin
yerli irklarin i1slahi ve melezleme ile edilen genotiplerde verimin arastiriimasi hedeflenmistir. Cumhuriyet
doéneminde bilinen ilk Merinos koyunu yetistirme c¢alismalari 1928 ve 1929 yillarinda Macaristan ve Almanya’dan
getirilen tarak yapagisi Merinos koyunlari ile baslamistir. 1929-1930 yillarinda da devam eden alimlar ile gelen
damizhklarin bir kismi saf olarak yetistirilirken, digerleri de bir program cercevesinde Marmara ve Ege
bolgesindeki yetistiricilere dagitilmistir. Macar tarak Merinos koyunlarinin iklime uyma, meradan yararlanma,
hastaliklara dayanikhlik ve verim 6zellikleri bakimindan yapilan ¢alismalarda Tirkiye kosullarina adaptasyonu ve
verim ozellikleri bakimindan tatmin edici sonuglar elde edilememistir. Ayrica 1931 yilinda koyunlarda ortaya ¢ikan
hastalik nedeniyle daha uygun bir irk aramalari sonucunda Alman et ve yapagi Merinosu lizerinde durulmustur.
Daha diizenli galismalar ise 1934 yilinda Almanya’dan getirilen Yapagi-Et Merinoslarinin Yiiksek Ziraat Enstitlisu
Zootekni Profesérii W. Spéttel’in girisimleri ile Karacabey Tarim isletmesi ve cevresinde yiiriitiilen melezleme
¢alismalaridir. Bu girisim ile o donem igin lilkenin ihtiyaci olan ince yapaginin yerli olarak Giretilmesi amaglanmistir.
Sonraki yillarda Bursa’da kurulan Merinos yinli kumas fabrikasi bu ¢alismalarin bir parcasidir (Altun ve ark.
2001). Proje geregi Karacabey Tarim isletmesinde yetistirilen koglar ile yurt disindan satin alinan koglar
baslangicta 6zel yetistiriciler elindeki Kivircik koyunlari ile istege bagl olarak melezlemeye baslanmistir. Daha
sonraki yillarda da Merinos ithalatina devam edilmis, 1936-1939 yillari arasinda muhtelif sayilarda Merinos kog
ve koyunlar getirilmistir. 1935 yilindan itibaren Almanya’dan getirilen Et-Yapagl Merinos koglari, Karacabey
Harasinda ve halk elindeki Kivircik koyunlarinin Merinosa ¢evrilmesinde kullanilmis, Karacabey Harasinda yerli
Kivircik koyunlari siirekli Merinos koglara verilerek yapilan ¢evirme melezlemesi sonucunda Ustiin 6zelliklere
sahip Tlrk Merinos Koyunu elde edilmistir. Karacabey harasinda bu dénemlerde saf Merinos (Alman Et-Yapagi)
yetistirmenin yaninda Tiirk Merinosu yetistirilmistir (TIGEM 2012). ilk basta ince yapagi icin devletin destegi
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yetistiriciye cazip gelmis, ilerleyen zamanlarda melez koyun ve kuzularda bazi problemlerin yasanmaya baslamasi
Glney Marmara boélgesinde yiritilen bu cgalismalar ile ince yapagl gereksiniminin karsilanamayacagi
anlasiimistir. Bu olumsuz gelismelere ragmen Marmara ve Trakya bélgesinde halen Merinos ve gesitli kan dereceli
melezleri yetistirilmekte basta Karacabey Tarim isletmesi ve Bandirma Koyunculuk Arastirma Enstitlisii olmak
Uzere gesitli kamu kuruluslarinda Tirk Merinosu (Karacabey Merinosu) diye adlandirilan ve gesitli kan dereceli
Merinos x Kivircik melezlerinden olusan damizlik koyunlar bulunmaktadir.

Yapag! Uretim ve kalitesini artirmaya yonelik Merinoslastirma c¢alismalari 1950’li yillarin baglarinda Orta
ve Dogu Anadolu Bolgelerine kaydiriimistir. Bu bdlgelerde melezlemede ana¢ materyal olarak kullanilacak
Akkaraman ve Morkaraman koyunlarin yagh kuyruklu olmalari nedeniyle Merinos koglar bu koyunlari dogal
olarak asamadiklarindan, bu ¢alismalarda agirlikh olarak yapay tohumlamadan yararlaniimistir. Orta ve Dogu
Anadolu Bolgelerinde uygulanan melezleme ¢alismalarinda Guney Marmara bdlgesinde yapilan hata
tekrarlanarak, cevirme melezlemesi uygulanmis ve melez genotiplerde Merinos kani arttik¢a F1 ‘lerde goriilen ve
yetistiriciyi heveslendiren melez azmanligi (heterosis) kaybolmus ve yetistirici 5nemli kayiplara ugramistir. ince
yapagi Uretimine devletin destegi de kalkinca proje bu bolge de tam anlamiyla basariya ulasamamistir. Bu esnada
Malya ve Ulas gibi tarim isletmelerinde konu ile ilgili uzmanlarca yiritilen seleksiyon ¢alismalari ile yapagisi
nispeten iyi Akkaraman sdrdleri kurulmustur. Bu sayede kamu kuruluslarindaki batin sirilerin Merinos’a
cevrilmesi 6nlenmistir. Bu arada ince birérnek yapagil koyun elde etmek icin Malya Tarim isletmesinde Merinos
x Akkaraman kombinasyon melezlemesi ile %35-40 Merinos kani tasiyan ve ‘Malya koyunu’ olarak anilan yarim
yagh kuyruklu bir tip gelistirilmistir. Ayni sekilde 2. ve 3. geriye melez kusaklarin (G2 ve G3) kendi aralarinda
ciftlestirilmesi ile elde edilen ince kuyruklu bir tipte ‘Anadolu Merinosu’ olarak adlandiriimistir. Anadolu
Merinosundaki Merinos kan seviyesi %75-80 dolayindadir. Diger taraftan Konya Tarim isletmesinde elde edilen
ve Anadolu Merinosuna benzeyen Merinos tipi ise ‘Konya Merinosu’ adiyla anilmaktadir (S6nmez 1974; Tuncel
1992).

Uzun yillar surdirilen islah faaliyetleri sonucunda baska Merinos tiplerinin kullaniimasi giindeme gelmis
ve Konya Eregli Zootekni Enstitlisiinde Alman Yerli Merinosu (Merino Landshafe) strlsi kurulmustur. Bunlar
gerek cevredeki yetistiricilere ve gerekse baska kamu kurumlarinda kullanilmak Gzere damizlik olarak dagitimi
yapilmistir. Turkiye’ye getirilen baska bir Merinos tipi de Rambouillet koyunudur. Eskisehir Cifteler Tarim
isletmesinde Daglic koyunlari ile melezlenerek, %65-70 Rambouillet ve %30-35 Daglic kanina sahip orta kalite
yapagi Ureten ve ‘Ramli¢’ adiyla anilan bir tip elde edilmistir (S6nmez 1974; Tuncel 1992).

Tirkiye kosullarinda bu g¢alismalar, sadece yapagi tretimine agirlik verme ile ekonomik bir koyunculuk
yapilamayacagini gostermistir. Buglin yerli koyunlardan elde edilen kaba karisik yapagilar ile Merinos melezi
irklardan elde edilen ince birérnek yapaginin fiyati arasindaki fark oldukga dustktir. Diger taraftan Merinos ve
ileri derece Merinos kani tasiyan melezlerin yetistirilmesindeki zorluklar yetistiriciyi yapagi 6zelinde Merinos
yetistiriciliginden sogutmustur. Bunun yaninda tekstil sanayinin yapagi ihtiyacini daha ucuz ve kaliteli olarak
ithalat yolu ile saglanmasinin da 6nemli etkisi bulunmaktadir. Bugiin Tiirkiye’de elde edilen yapaginin ¢ok az kismi
tekstil sanayinde kullaniimakta geri kalan kisim ise gok diisiik fiyatla alinip kaba dokuma uriinleri ve hali-kilim
Uretiminde degerlendirilmektedir (Koyuncu 2019). Ancak bu noktada Tirkiye’de Uretilen yapaginin blyuk
kisminin kaba-karisik yapagi olmasi ve hali-kilim sektériinin hammadde ihtiyacini karsilamasi distinilirken, son
yillarda bu sektérde bazi Asya Ulkelerinden yapagi ve islenmis Griin ithalati yapilmaya baslanmistir.
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Koyuncu

Merinos Melezi Yapagi Verim Yonlii Tipler

Tirkiye dokuma endistrisinin gereksinim duydugu nitelikli yapagiyi karsilamak Uzere uygulanan
Merinoslastirma ¢alismalari sonucunda elde edilen bu genotipler; Karacabey Merinosu (Turk Merinosu), Malya
koyunu, Anadolu Merinosu, Konya Merinosu (Orta Anadolu Merinosu) ve Ramli¢ koyunudur. Yapagi verim yonli
elde edilen genotipler ve bunlarin genel 6zellikleri asagida belirtilmistir (Kaymakgi ve Taskin 2008; Koyuncu 2019).

-Yapagilari gerek nicelik gerekse nitelik agisindan yerli koyunlardan dstiinddir.

-Viicut, bas ve ayaklar beyazdir. Kuyruklar, Malya disinda ince ve uzundur.

-Yerli irklara gére daha hizh gelisirler, canli agirliklari yerlilerden yiiksektir.

-Malya disinda, yagl kuyruklu yerli irklari dodal olarak asma yetenegine sahip degillerdir.

-Tiplerde Merinos genotipi diizeyine bagli olarak 6zellikle Orta Anadolu kosullarina uyum zorluklari gézlenir.

Karacabey Merinosu (Tiirk Merinosu): Alman-Et Merinoslari ile Kivircik koyunlarinin gevirme melezlemesi
sonucu elde edilmislerdir. Yaklasik % 90—95 Merinos genotipi tasirlar. Kirli yapagi verimi 3—3.5 kg'dir. Yapagisi 64
S ve lile uzunlugu 6.5-7.0 cm'dir. Agirlikh olarak Gliney Marmara Bolgesi’nde yayilmistir.

Anadolu Merinosu: Alman Et Merinosu ile Akkaraman koyunlarinin melezlenmesiyle elde edilmislerdir. Bu
tip, % 75-80 Merinos genotipi tasir. Kirli yapagi verimi 3—3.5 kg diizeyindedir. Yapagi inceligi 22 mikrondur. ig
Anadolu Bolgesinin az engebeli ve yetersiz mera kosullarina ve karasal iklime adapte olmustur.

Konya Merinosu: Konya Merinosu, G2 ve G3 diizeyindeki Alman Et Merinosu x Akkaraman melezi koyun
ve koglarin kendi aralarinda giftlestiriimesiyle elde edilmislerdir. Orta Anadolu Merinosu olarak da
adlandinimaktadir. Bu tiplerde Merinos genotipi % 85'in listlindedir. Kirli yapagi verimi ortalamasi 3.7 kg'dir. Lule
uzunlugu 7-9 cm ve yapagisi 60—64'S’dir. Orta Anadolu sartlarina iyi uyum saglamis, hastaliklara dayanikl ve
yasama glicl yiksek bir irktir.

Malya Koyunu: Alman-Et Merinoslarinin Akkaraman koyunlariyla kombinasyon melezlemesi yontemiyle
olusturulmuslardir. Bu amagla 6nce Merinos x Akkaraman birinci geriye melez déller (G1) elde edilmistir. G1'lerin
disileri, viicut yapilari oldukga iri, yapagi ve dol verimi tistiin Akkaraman koglarina verilerek % 35-40 diizeyinde
Merinos genotipi tasiyan yarim yagh kuyruklu Malya tipleri olusturulmustur. Kirli yapagi verimi 2.4-2.8 kg
arasinda degisir. Yapagi inceligi 26-28 mikrondur. Kurak iklime iyi uyum saglamistir.

Ramlig: ABD kdkenli Rambouillet koyunlari Daglig koyunlari ile melezlenerek %65-70 Rambouillet ve %30-
35 Daglic kanina sahip orta tip yapagl lreten Ramlic koyununu elde edilmistir. Dagli¢ irkinin yetistirme
kosullarindaki yuksek yasama glicti ile Rambouillet irkinin iyi olan et ve yapagi verim 6zelliklerini tasiyan bir koyun
tipidir. Kirli yapagi verimi 3.0 kg, liile uzunlugu 7.0 cm ve yapagi kalitesi 60-64 'S dir.

Tiirkiye’de Merinos Koyunu Yetistiriciliginde Gelinen Durum

Tirkiye’de Merinos koyununun yaklasik 30 yil 6ncesinde toplam koyun varhigi icindeki payr %2.1 iken,
bugiin %10.1’e yikselmistir (Cizelge 1). Koyun varhiginin artisindaki en 6nemli etken Merinos koyununun Tirkiye
getirilisindeki 6ncelikli olarak yapagi Gretimini islah etme noktasinin 6niine gecen etgilik 6zellikleri ve dol verimi
olmustur (Kaymakgi ve Tagkin 2008). Gelinen kosullarda maalesef yapagi istenen degeri alamiyor olsa da, Merinos
koyunundan elde edilen farkli genotipler 6zellikle kuzu eti tretiminde dnemli bir genetik kaynagidir. Turkiye'nin
koyun eti Uretiminde farkli bolgelere adapte olmus Merinos koyunlarinin énemli bir kaynak oldugu goz ardi
edilmemelidir.

Gizelge 1. Merinos koyunlarinin toplam koyun varligi igindeki degisimi (TUIK 2024)
Table 1. Change in the number of Merino sheep in the total number of sheep (TURKSTAT 2024)

Yillar Merinos koyun Toplam koyun Merinos koyununun toplam koyun varhgi igindeki payi
(bas) (bas) (%)

1990 841.847 40.432.340 2.1

1995 806.000 33.791.000 2.4

2000 773.000 28.492.000 2.7

2005 752.353 25.304.325 3.0

2010 1.086.392 22.003.299 4.9

2015 2.205.576 29.302.358 7.5

2020 3.547.033 38.579.748 9.2

2023 3.851.835 38.208.635 10.1
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2005 yilinda uygulamaya konulan Hayvanciligin Desteklenmesi Hakkinda 2005/8503 Sayili Bakanlar Kurulu
Karari gergevesinde "Halk Elinde Kiigiikbas Hayvan Islahi Ulkesel Projesi" kapsaminda degerlendirmeye alinan
Karacabey Merinosu ve Orta Anadolu Merinosu koyununda yiritilen alt projelerin de 6nemli etkisi olmustur.
Bu baglamda, ilk baslandigi donemde (2005-2010) 13 ilde yuritiilen projeye, 2011 yilinda 42 ilde 23 irk ve tip
katilmig, Karacabey Merinos’una Balikesir iline ek olarak Bursa ve Kocaeli alinmig ve 128 yetistirici projeye dahil
olmustur. Eskisehir'de devam eden Orta Anadolu Merinosu projesindeki yetistirici sayisi 65’e ¢ikmistir. Konya ili
Orta Anadolu Merinosu projesine ikinci donemde dahil olup, Konya ve Karaman’dan 35 vyetistirici ile proje
baslamistir. Baslangigta 2 il, 2 irk/tip, 2 proje ve 8.300 kiglikbas ile baslayan projede, 2024 yil itibariyle 55 il, 30
irk/tip, 223 proje ve 1.404.900 bas kictikbas varligina ulasiimistir. Bugiin Karacabey Merinos’u 4 il (Balikesir (4),
Edirne (1), Canakkale (1), Manisa (1)) toplam yedi projedeki 44.100 bas koyunda sirdiriliirken, Orta Anadolu
Merinos’unda ise 4 il (Ankara (2), Eskisehir (2), Karaman (2), Konya (1)) toplam 7 projede yer alan 44.100 bas ile
¢alismalar surdiriimektedir. Tarim ve Orman Bakanhg Tarimsal Arastirmalar ve Politikalar Genel Middrligi
tarafindan yiritilen Ulkesel Merinos Gelistirme Projeleri kapsaminda da Koyunculuk Arastirma Enstitiisii
MudurlGgiinde, Karacabey Merinosu ve Bahri Dagdas Uluslararasi Tarimsal Arastirma Enstitisi MudurlGgiinde,
Orta Anadolu Merinosu c¢alismalari devam etmektedir. Bu projelerde Karacabey ve Orta Anadolu Merinos
koyunlarinin verim 6zelliklerinin iyilestirilmesine yonelik seleksiyon uygulamalari ile Ustiin damizliklarin elde
edilmesi hedeflenmektedir (TAGEM 2024).

Merinos Koyunu

Merinos Koyunu aslen Atlas Daglari'nin Kuzey Afrika platolarindan gelmekte ve bugiin diinyadaki en eski
ve en dayanikh koyun irklarindan biri olarak tanimlanmaktadir. Merinos koyunlari dért mevsimin ayni anda
yasandigi iklim kosullarinda basariyla yetistirilebilmektedir. Bu nedenle -20'den +35 °C kadar asiri sicakhk
dalgalanmalarina dayanma yetenegine sahiptirler. Bu yetenekleri zorlu kosullara mikemmel sekilde uyum
saglayan bir konformasyona sahip olmalarindan kaynaklanmaktadir (Anonim 2024f).

Fiziksel 6zellikler

Merinos koyunlari orta ciissede olup, erkekler 80-125 kg ve disiler ise 60-90 kg arasindadir. Viicutlarinin
farkh bolgelerinin oranti ve uyumu iyidir ve yapagilarini destekleyen giiclii ve saglam bir viicut yapisina sahiptir.
Merinos koyunlari, viicutlarinin 6nemli bir kismini kaplayan agir yapagiyla karakterize edilen farkh bir gériinime
sahiptir. Yapagi deriye yakin bir yerde biyulr ve dogal kivrimi yapaginin yumusakhgina ve elastikiyetine katkida
bulunur. Yizleri ve bacaklari genellikle yapagidan arindirilmis olup, beyaz veya acik renkli bir deriye sahiptirler.
Yogun yapagi 6rtisi milkkemmel yalitim saglayarak onlari hem soguktan hem de sicaktan korurken, tirnak yapisi
engebeli arazide ilerlemek icin uygundur.

Davranis ozellikleri

Merinos koyunlari uysal ve sakin mizaglariyla bilinir, bu da onlari idare etmeyi ve yonetmeyi kolaylastirir.
Grubun sagladigi givenlik ve emniyete glivenerek siriler halinde yasamayi tercih eden sosyal hayvanlardir.
Dogal siri olma igglidiisi, diger koyun irklarina gore siiriilmeleri ve kontrol edilmelerini kolaylastirir. Merinos
koyunlari segici otlayicilardir ve tek bir yeme odaklanmak yerine farkli bitki gesitlerini tiketmeyi tercih ederler.
Merinos koyunlarinin otlatma diizenleri, gesitli ve saglam bir ekosistemi tesvik ettig§inden meralarin yonetimi igin
avantajlar sunar (To6lG ve ark. 2018). Bu koyunlar, ayni zamanda, kit kaynaklara sahip bolgelerde yetistirilebilme
ozellikleri ile de taninmaktadirlar. Etkili otlatma uygulamalari ve farkli ortamlara uyum saglamadaki cok
yonlilagl, Merinos koyunlarinin ¢ok sayida kiresel bélgede degerli bir hayvan irki olarak 6ne ¢ikmasinda 6nemli
bir rol oynamaktadir.

Dinyanin birgok boélgesinde Merinos koyununa goésterilen ilginin temelinde;

-Cok yénlii kullanilan bir irk olmasi,

-Analik yetenedinin iyi gelismis ve dél veriminin yiiksek olmasi,
-Farkli iklim kosullarina kolaylikla adapte olabilmesi,

-Endiistrinin ihtiyacina yénelik kaliteli yapadi verebilmesi,

-Yemi ete ve yapadiya en ekonomik sekilde geviriyor olabilmesi,
-Kuzularindan en iyi olarak siniflandirilan karkas elde ediliyor olmasi,

-Koyun basina 18-20 mikron inceliginde yilda ortalama 5 kg yapadi verimine sahip olmasi yatmaktadir.
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Merinos Yapagisi

Son yillarda Merinos yapagisi dogal, strdirilebilir ve givenilir kaynakli Grinlere olan ilginin artmasiyla
birlikte yeniden popilerlik kazanmistir. Buglin gelinen noktada biyolojik olarak pargalanabilen, yenilenebilir ve
muikemmel 1si diizenleyici 6zelliklere sahip olan Merinos yapagisi ¢cevresel etkiler ve insana sagladigl konfor ile
yeniden farkindalik olusturmaya baslamistir. Merinos yapagisi ayni zamanda dogal olarak kokuya dayanikl, nem
emici ve nefes alabilen bir malzeme oldugundan aktif giyim ve dis giyim pazarlarinda da aranan bir malzeme
haline gelmistir. Bu gelismeler yliksek kaliteli Merinos yapagisina olan talebi daha da artirmis ve sonug olarak
enddstri, stirdurdlebilir tarim uygulamalarina ve hayvan refahi standartlarina odaklanarak bu gelismelere yanit
vermistir. Merinos koyunu yapagisi ile ilgili yenilik¢gi gelismeler devam ederken, arastirmacilar ve markalar
heyecan verici yeni olasiliklara odaklanmaktadir. Bunlar;

-Ultra ince elyaflar, essiz yumusaklik ve értiiciiliik icin giderek daha ince Merinos koyunlari gelistirilmesi.
-Performans gelistirmeleri, belirli atletik aktiviteler icin Merinos karisimlarinin optimize edilmesi.

-Biyomimikri, yeni siirdiirilebilir malzemelerin gelistirilmesine bilgi saglamak icin Merinos yapagdisinin dodal
6zelliklerinin incelenmesi (Eadie ve Ghosh 2011).

Merinos Koyunu Yapagisinin Ozellikleri

Doganin en islevsel hammaddesi olarak tanimlanan Merinos yapagisi, onu diger yapagi tiplerinden ayiran
olaganistii ozellikleriyle 6ne ¢ikmaktadir. Bu benzersiz 6zellikler Merinos koyununun (rettigi ince liflerin bir
sonucudur (TWC 2020).

incelik: Merinos yapagisinin lifleri son derece incedir ve genellikle ¢api 20 mikrondan azdir. Kumasa
yumusak bir his verir ve hafif, nefes alabilen giysilere dontstimiini saglar.

Kivrim: Merinos yapagisi, kumas icinde kiiclik hava cepleri olusturan dogal bir kivrima sahiptir. Merinos
yuninin yahtim 6zelliklerine katkida bulunarak kullanicly1 soguk havalarda sicak, sicak havalarda ise serin tutar.

Esneklik: Merinos yapagisi, liflerinin dogal esnekligi, bu kumastan yapilan giysilerin seklini korumasini ve
kirismaya karsi direng goéstermesini saglar. Merinos yinlu giysilerin konforunu ve uyumunu da artirir.

Yalitim: Merinos elyaflarinin kivrimli yapisi miikemmel yalitim saglar ve bu da onu gesitli iklimler igin ideal
bir secim haline getirir. Kumasin nefes alabilirligi viicut sicakliginin diizenlenmesine yardimci olur ve nemi ciltten
uzaklastirir. Kullanicilari soguk havalarda sicak, sicak havalarda ise serin tutmasi ile onu c¢ok cesitli giyim
uygulamalarina uygun hale getirir.

Nem ¢ekme: Merinos yapagisi nemi emip vicuttan uzaklastirarak bireylerin kuru kalmasina yardimci
olurlar. Ozellikle agik hava etkinlikleri ve spor giyim icin faydalidir.

Koku Dayanimi: Merinos yapagisinin dogal koku direnci 6nemli 6zelliktir. Yapilan giysilerin uzun sureli
kullanimdan sonra bile taze ve kokusuz kalmasini saglar, bu da onu aktif ve glnlik kullanim kiyafetler igin
miikemmel bir se¢im haline getirir.

Yapagida Modern Yenilikler ve Uygulamalar

Teknoloji ilerledikge Merinos yapagisinin islenmesi ve kullaniimasina yonelik yontemlerde gelismistir.
Gelinen noktada Merinos yapagisi, gelismis performans 6zelliklerine sahip yenilikgi tekstiller yaratmak igin siklikla
ipek, pamuk veya sentetik malzemeler gibi diger elyaflarla harmanlanmaktadir. Bu harmanlanmis kumaslar, her
bir elyafin mukavemetinden faydalanarak, artirilmis dayaniklilik ve izolasyondan, gelistirilmis nem emicilik ve
koku direncine kadar bir dizi arzu edilen 6zellik ortaya ¢ikmasini saglar. Buglin Merinos yapagisi farkli endistri
kollarinda yaygin olarak kullanilmaktadir (Kumar ve Sagunya 2017; IWTO 2020):

Moda ve giyim: Merinos yinu, tasarimcilarin kumasi tst diizey giysilerden glinliik giyime kadar her seye
dahil ettigi moda endustrisinin temel malzemelerinden biridir.

Dis mekan ve spor/atletik giyim: Merinos ylnUnin dogal performans 6zellikleri, onu konfor, nefes
alabilirlik ve nem yonetiminin 6nemli oldugu dis mekan ve spor giyim icin aranir hale getirmistir.

Ev tekstili: Merinos ylnunin sicakhgi, yumusakhgl ve dayanikliligi onu yatak takimlari, battaniyeler ve
dosemeler icin miikemmel bir secim haline getirmistir.

Tibbi tekstiller: Merinos yliniiniin dogal nem emici ve antimikrobiyal 6zellikleri, pansuman malzemeleri ve
tedavi edici giysiler gibi tibbi uygulamalarda kullanilmasini saglamistir.
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Sirdiiriilebilir Merinos Koyunu Yapagisi Uretimi

Yapagi popliler olarak diinyadaki en strdirulebilir lif kaynaklarindan biri olarak kabul edilmektedir. Buglin
strdirilebilirlik ve sorumlu kaynak yénetimi 21. yiizyilin itici giigleri haline gelmistir. Uretimde malzeme segimi
temelde cevresel etkiler, surdirulebilirlik, bulunabilirlik ve ekonomi arasindaki bir dizi karsilkli iliskiyle
karakterize edilebilir (Koyuncu 2024). Merinos koyunu yapagisina olan talep arttikga stirdlrilebilirlik ve dogru
tarim uygulamalarina verilen 6nem de artmaktadir. Avustralya ve Yeni Zelanda Merinos endustrileri, koyunlarinin
ve gevrenin refahini saglamak i¢in Sorumlu Yiin Standardi (RWS - Responsible Wool Standard) ve ZQ Merinos
Standardi gibi kati hayvan refahi kurallarinin uygulanmasina 6ncilik etmektedir (Anonim 2024c). Bu standartlar
hayvan sagligi ve refahi, arazi yonetimi ve sosyal sorumluluk gibi bir dizi kriteri kapsamaktadir. Merinos koyunu
yetistiricileri bu yonergelere bagli kalarak yalnizca yiksek kaliteli bir Griin Gretmenin yaninda, gezegenin sagligina
ve hayvanlarinin refahina da katkida bulunmaktadirlar.

Merinos Koyunu Yapagisinin Gelecekteki Zorluklari

Gelecek yillarda da Merinos koyunu yapagisi tekstil endlstrisinde 6nemli bir rol oynamaya devam
edecektir. Merinos yapagisinin benzersiz Ozellikleri, strdirilebilirlik Gretime verilen 6nemin artmasiyla
birlestiginde, onu hem tiiketiciler hem de Ureticiler igin cazip bir se¢cim haline getirmektedir. Pek ¢ok avantajina
ragmen Merinos ylni endistrisi asagida belirtilen zorluklarla karsi karsiyadir:

Hayvan refahi endiseleri: Merinos koyunu ciftgiliklerindeki bazi surli yonetim uygulamalari, hayvan
refahina iliskin endiseleri artirmaktadir (Anonim 2024c). Birgok yetistirici daha insancil yontemleri benimsemesi
ile birlikte, bazi markalar artik Griinlerini etik kaynakli olarak tanitmaya baglamislardir.

iklim degisikligi: iklim degisikligi Merinos koyunu endustrisi iin bir tehdit yaratmaktadir. Artan sicakliklar
ve degisen hava kosullari yapagi tretiminin kalitesini ve miktarini etkileyebilir.

Pazar rekabeti: Sentetik elyaflarin ve alpaka ylUna gibi diger dogal alternatiflerin artan popiilaritesi,
pazardaki rekabeti artirmaktadir.

Rekabetgi ve stirdirilebilir kalabilmek icin Merinos yapagi endistrisi yeniliklere agik ve daha gevre dostu
uygulamalari benimsemeyi tercih etmektedir. Buna, yetistirme ve giftcilik yontemlerini iyilestirmek igin arastirma
ve gelistirmeye yatirim yapmanin yani sira Merinos yapagisi icin yeni uygulamalar ve pazarlar kesfetme de
dahildir. Merinos yapagisi isleme ve Uretim tekniklerindeki yenilikler muhtemelen elyafin kalitesini ve c¢ok
yonlilagini gelistirmeye devam edecektir. Bu, yeni Merinos yapagisi Grin ve uygulamalarinin gelistirilmesine
yol agarak bu degerli dogal elyafin pazarini daha da genisletebilecektir (Anonim 2024c).

Cevreye duyarli ve sorumluluk sahibi Merinos markalari yapaginin elde edilmesinden islenmesine kadar
asagida belirtilen noktalari taahhit etmektedir (Anonim 2024g):

-Glivenli kaynak kulanimi, koyun refahi, izlenebilir ve siirdiiriilebilir kaynak bulma uygulamalarina 6ncelik vermek.
-Yenilikgi ciftcilik uygulamalari, barinak kosullari ve meralari iyilestirmek, biyolojik cesitliligi desteklemek.
-Cevresel etkinin azaltilmasi, yiin isleme ve giysi liretiminde su ve enerji kullaniminin en aza indirmek.

Sonug

Diinyada farkl koyun irklari bulunmakla beraber, tekstil endistrisinin kullandigi kaliteli yapagi Merinos
koyunundan elde edilmektedir. Bugliin Merinos ve bunlarin farkli melez tipleri farkh cografyalarda
yetistirilmektedir. Hayvanciliktaki verim ve kaliteyi ylikselterek refahi kisiden bolgeye ve bolgeden ilkeye yaymak
icin ozellikle 1930’lu yillardan itibaren devlet cgesitli yontemler uygulamaya baslamistir. Bu noktada Tirkiye’de
planli hayvanciligin gelisiminde Merinos koyunu 6nci bir rol oynamistir. Diger bircok llkede oldugu gibi,
Turkiye'de kaliteli yapagi ihtiyacini karsilamak amaciyla strdirilen Merinoslastirma uygulamalari sonucunda
melez genotipler elde edilmistir.

Farkli zaman dilimlerinde diinyada yapagi Gretimindeki dalgalanmalar yasanmis olsa da gelinen noktada
Merinos koyunu ve yapagisinin tarihgesi, yaraticihigin, azmin ve doganin nimetlerine duyulan derin bir sayginin
bir oyklsudir. Kuzey Afrika ve Orta Dogu'daki mitevazi baslangiglarindan buyana Merinos yapagisi, aranan
kiiresel bir Girin haline gelmistir. Stirdirdlebilir ve etik kaynakli malzemelere yonelik arayislar devam ettikce
Merinos yapagisinin tekstil endistrisindeki 6ne ¢ikan rolii tartismasiz devam edecektir. Yapagi, diinya ¢apinda,
su, hava, giines 15181 ve ot karisimi Gizerinde yil boyunca elde edilebilen bir Griin oldugu unutulmamaldir.
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Efe E, Bek Y, Sahin M. 2000. SPSS’te ¢oziimleri ile istatistik yontemler. http://www.ksu.edu.tr/kisisel/eefe/spss.pdf
(15 April 2004).

The corresponding author must submit the manuscript electronically to http://dergipark.gov.tr/hayuretim/ with additional
attachment files as:

a) Application Letter

b) Copyright Release Form

After two referees’ evaluations of the article, result sent to the corresponding author. Accepted articles are edited again and page
proofs (as PDF files) sent by e-mail to the corresponding author. Authors will be charged to cover partially the costs of
publication. The cost for publication; research articles sent from the other countries are free. One copy of the published journal

sent to the corresponding author.

Dog Dr Cagr1 KANDEMIR (Journal of Animal Production Editor in Chief)

Ege Universty, Faculty of Agriculture, Deperment of Animal Science
35100 Bornova, izmir-TURKEY
e-mail: cagri.kandemir@ege.edu.tr ; Tel: (232) 311 2917; Faks: (232) 388 18 67
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&

Hayvansal Uretim Yazim Kurallar

Hayvansal Uretim Dergisinde hayvancilik ile ilgili orijinal arastirmalar ve yeni bilgileri kapsayan, bircok kaynaga dayali belirli

bir sentez iceren 6zgiin derlemeler yaymlanir. Calisma Tiirkge veya Ingilizce yazilmis ve daha &nce higbir dergide

yaymlanmamis veya yayma gonderilmemis olmalidir.

1.
2.

10.

11.

12.

13.

Dergi Haziran ve Aralik aylarinda olmak iizere yilda iki say1 olarak yayimlanir.

Dergide Zootekni Biliminin tiim alanlarinda (temel bilimler, hayvan yetistiriciligi, hayvan refahi, genetik, biometri, hayvan
besleme ve beslenme hastaliklar1, gida hijyeni ve teknolojisi vb) hazirlanan, daha 6nce yayimlanmamis 6zglin aragtirma
makaleleri ve kongre kitaplarinda 6zet metni basilmig olan arastirma makaleleri ve derlemeler yayimlanir. Kisa notlar ve
editore mektup kabul edilmez

Ayni sayida bir yazarn ilk isim oldugu en fazla iki makalesine yer verilir.

Yazarlara telif ticreti 6denmez. Basima kabul edilen makalelerden web sayfasinda belirtilen
(http://dergipark.gov.tr/hayuretim ) basim iicreti alinir.

Makalelerin bilimsel sorumluluklar1 yazarlarina aittir.

Makale bagvurulari http://dergipark.gov.tr/hayuretim adresinden yapilir.

Arastirma makaleleri Tiirkce veya Ingilizce dillerinden birisi ile genel olarak; Baslik, Ozet, Abstract, Ingilizce ve Tiirkge
Anahtar Sozciikler, Girig, Materyal ve Yontem, Arastirma Bulgulari, Tartisma, Sonug, Kaynaklar ana basliklart altinda
hazirlanmalidir. Istenirse Arastirma Bulgulari ve Tartisma béliimleri tek baslik altinda yazilabilir.
“Ozet” ve “Abstract” ¢aligmanin kisa amaci, materyal ve metod, 6nemli arastirma bulgulari ile sonucu igeren yapilandiriimis
diizende olmalidir.

a. Yurt digindan gelecek makalelerde bulunan “Abstract”larm Tiirkce “Ozet” gevirisi editér kurulu tarafindan yapilacaktir.

b. “Ozet” ve “Abstract” en ¢cok 200 sozciik olmalidir ve ana metinden ayr1 olarak konumlandiriimahdar.

¢. Kisaltmalar, diyagramlar ve literatiirler “Ozet” ve “Abstract” da yer almaz.

d. “Ozet” ve “Abstract”dan bir satir bogluk birakildiktan sonra 4 - 6 sdzciik olmak iizere “Anahtar Kelimeler” ve “Key Words” yer almali

ve baslikta gecen kelimelerden farkli olmalidir.
Makalede yer alan tiirlerin bilimsel isimleri italik karakterde olmali ve ondalik sayilar nokta isareti ile ayrilmalidir.
Grafik, harita, fotograf, resim ve benzeri sunuslar "Sekil", sayisal degerlerin verilisi "Cizelge" olarak isimlendirilmelidir.
Sekil ve Cizelgelere ait Tiirkge isimlendirmelerin altinda Ingilizce isimlendirmeler de yer almalidir. Verilen tiim cizelge ve
resimlere metin igerisinde atif yapilmali ve sekil ve ¢izelgeler makale sonunda ayri ayr1 sayfalarda verilmelidir.
Hayvansal Uretim’ de yayimlanacak arastirma ve derleme makalelerinde derginin daha dnceki sayilarinda yayimlanan en az
bir yayina atif yapilmasi dnem arz etmektedir.
Makale diizeni;
a. Microsoft Word yazilimiyla (docx format; Word 2007 ve iistii) Times New Roman yazi karakterinde ve tek siitun halinde toplam 20
sayfay1 gegmeyecek sekilde, A4 kagidina kenarlarda 2.5 cm bosluk olacak sekilde ¢ift satir aralikli yazilmalidir.

o

. Makalede her sayfaya numara verilmeli ve satirlar siirekli sekilde satir numaralari igermelidir.

c. Makalenin Tiirkce ve Ingilizce bashigi koyu, 14 punto, ortali ve ilk harfleri biiyiik olacak sekilde kiiciik harflerle yazilmahdir.

d. En fazla 3. diizeyde boliim basliklart kullanilmalidir. Birinci diizey basliklar sola yasli, koyu, 12 punto ve her kelimenin ilk harfi bityiik
olmalidir. ikinci diizey bashklar koyu, sola yash ve yalniz ilk kelimenin ilk harfi biiyiik olmahdir. Ugiincii diizey bagliklar her ne kadar
onerilmese de eger gerekli ise kullanilabilir ve sola yasli ve sadece ilk kelimenin ilk harfi bilyiik sekilde yazilmalidir.

€. Metnin ana govdesi ¢ift aralikli, Times New Roman, 12 punto ve iki yana yash yazilmalidir. Tiim paragraflar sol kenardan baglamalidir.
Metin timiiyle iki yana yasli hizalanmalidir. Higbir heceleme olmamalidir. Kalin veya alt1 ¢izili yazi kullanimi ile metin vurgulama
onerilmez.

f. Yazar/yazarlarin isimleri, makale basliginin altinda bir satir bosluktan sonra iinvan belirtilmeden koyu 12 punto ile 6n ismi agik ve kiigiik
harfle, soyadi biiyiik harfle ve sekme (tab) ile bosluk birakilarak yazilmalidir.

g. Yazarlarla ilgili akademik ve/veya diger profesyonel kurumlar: rakam tist simgesi kullanilarak 10 punto ile belirtilmelidir.
Ayrica sorumlu yazarin elektronik posta adresi ayri bir satirda yildiz isareti ile gosterilmelidir.

Makale i¢indeki atiflarda 6zel durumlar disinda “yazar ve tarih” sistemi kullanilmalidir. Birden ¢ok kaynaga ayni anda atif

yapilacaksa yayinlar noktal virgiil ile ayrilmali ve kronolojik sira ile verilmelidir. Ornegin: (SoyadiA, 2002; SoyadiB ve
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ark., 2008; SoyadiC, 2008; SoyadiD1 ve SoyadiD2, 2012). iki yazarli eserlerde yazar isimleri “ve” ile ayrilmali, cok yazarli
eserlerde “ve ark.” (yabanci dildeki kaynaklarda ise “et al.”) kullamlmaldir. Omegin: Soyadil (2007), Soyadil ve Soyadi2
(2005), Soyadil ve ark. (2003). Birden fazla yazarli veya tek yazarli yaynlarin ¢oklu kullanislarinda tarihsel siralanmali,
ayni yilda bir ¢ok yaymm kullanilmasinda (yazar gruplari aym olmasa bile) ise kiiciik harf ile ayrilmalidir. Ornegin:
Sonmez, R.,Kandemir, C., and Taskin, T. 1999a; Sénmez, R.,Kandemir, C., and Taskin, T. 1999b; Sonmez, R., Kandemir,
C., and Taskin, T 1999c (¢iinkii metin i¢inde hepsi " Sénmez ve ark., 1999" olarak gececektir).

14. Metin iginde anilan biitiin literatiir, “Kaynaklar Listesi” nde yer almalidir. Kaynaklar listesi alfabetik sirada ve yazar-tarih
sistemine gére verilmelidir. Ayn1 yazarimn iki veya daha fazla yayim kullanilmig ise Kaynaklar Listesinde eski tarihli yayimn
once verilmelidir. Kitap ve kitap boliimiiniin adinin her kelimesinin ilk harfi bityiik harf olmalidir. Bir kurulusun yaymlari
ise yaym numarastyla verilmeli, degilse basildig1 matbaa adi ve sehri belirtilmelidir. Literatiiriin yayimlandig: dergi adi
kisaltma yapilmadan agik olarak yazilmalidir. Kaynaklarin yaziliginda ilk satir sola yaslanmali, izleyen satirlar 0.5 cm igeri
¢ekilmelidir. Literatiir yazim sekli i¢in drnekler asagida verilmisgtir.

Kaynak makale ise:

Altan O, Oguz I, Akbas Y. 1998. Japon bildircinlarinda (Coturnix coturnix japonica) canli agirlik ydniinde yapilan
seleksiyonun ve yasin yumurta ozelliklerine etkileri. Turkish Journal of Veterinary and Animal Sciences
22(6):467-473.

Kaynak kitap ise: ) )
Diizgiines O, Eli¢in A, Akman N. 1991. Hayvan 1slah1. 2. Baski, Ankara Universitesi Ziraat Fakiiltesi Baski Unitesi,
Ankara.

Kaynak bir kitaptan boliim ise:
Karaca O. 1997. Kegilerde yetistirme isleri. Editér: Kaymak¢1 M, Askin Y. Kegi yetistirme. Baran Ofset, Ankara,
s.102-114.

Kaynak sempozyum veya kongre makalelerinden ise:
Akbulut O, Bayram B. 1999. Buzagilarda yas-agirlik-yem tiiketimi iliskisinin fonksiyonel analizi. Uluslararasi
Hayvancilik’99 Kongresi, 21-24 Eyliil 1999, Ege Universitesi Ziraat Fakiiltesi, [zmir, s.52-58.

Kaynak Web sitesi ise (varsa yazarlar, yayinin tarihi ve belgenin adi. Tam URL adresi ve Erisim tarihi):

Rayens B. 2004. Practical nonparametric statistics http://www.ms.uky.edu/~rayens/teaching/sta673/sta673.html (15
Nisan 2004).

Efe E, Bek Y, Sahin M. 2000. SPSS’te ¢6ziimleri ile istatistik yontemler. http://www.ksu.edu.tr/Kisisel/eefe/spss.pdf
(15 Nisan 2004).

Makaleler, DergiPark (http://dergipark.gov.tr/hayuretim) iizerinden isleme alinir ve konusunda uzman iki hakem tarafindan
degerlendirilir. Caligmalarin bilimsel etik agidan her tiirlii sorumlulugu yazarlara aittir. Hakem goriislerine ii¢ ay i¢inde cevap

verilmeyen c¢aligmalar, degerlendirme dig1 birakilir.

Hayvansal Uretim dergisinin zamaninda ve diizenli olarak yayinlanabilmesi icin derginin basim masraflar1 yazarlardan talep

edilmektedir. Hakem degerlendirmeleri sonucu kabul edilen ¢aligmalar, bu asamadan sonra geri ¢ekilemez. Basim sekline gore
yeniden diizenlenen ¢aligma, son kontrol i¢in sorumlu yazara gonderilir. Basim iicreti 400 TL’ dir ve basim Oncesi yazar(lar)a
bildirilerek talep edilir. Basim masrafi 6denmeyen ¢alisma yaymlanmaz. Basima kabul edilen makalelerin yaymlandig dergi,

Dog Dr Cagri KANDEMIR (Hayvansal Uretim Dergisi Bag Editdrii)

Ege Universitesi Ziraat Fakiiltesi Zootekni Boliimii 35100 Bornova-iZMiR
e-posta: cagri.kandemir@ege.edu.tr ; Tel: (232) 311 2917; Faks: (232) 388 18 67

yazar sayisi kadar yazigma yapilan yazara gonderilir.
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The undersigned authors warrant that the article submitted to the Journal of Animal Production is original, is not
under consideration by another journal, has not been previously published or that if it has been published in whole or
in part, any permission necessary to publish it in Journal of Animal Production has been obtained and provided to
the editor of Journal of Animal Production together with the original copyright notice. We sign for and accept
responsibility for releasing this material.

Copyright to the above article is hereby transferred to Turkish Animal Science Association, effective upon
acceptance for publication. However, the following rights are reserved by the authors:

1. All proprietary rights other than copyright, such as patent rights,

2. The right to use, free of charge, all or part of this article in future works of their own, such as books or lectures,
and

3. The right to reproduce the article for their own purposes provided the copies are not offered for sale.

In all of the above cases, the article's publication the Journal of Animal Production must be appropriately stated as a
complete reference.

To be signed by all authors:

NaME: . Signature:........oovveviiiiieannnn. Date
NaAME: ..ot Signature:...........oceevvninnnn.n. Date
NaAME: ..ot Signature:..........coeevvninnnn.n. Date
NaME: ..o Signature:............cooeviienn... Date
NaME: ..o Signature:..........cooeoeeiiinann... Date
Name:.....oooiiiiiiii Signature:...........cocoeveieinnen. Date

Telephone: ..., FaX & e e-mail foiie

Note: Please complete and sign this form and send it with your manuscript to the Editor of Journal of Animal
Production, Ege University Faculty of Agriculture, Department of Animal Science, Bornova, 35100 Izmir,
TURKEY.



Journal of Animal Production, Instructions for Authors / Hayvansal Uretim, Yazim Kurallari

TELIF HAKKI DEVIR FORMU
Ege Zootekni Dernegi
“Hayvansal Uretim”

(Makale Adi):

Biz asagida imzalar1 bulunan yazarlar, sundugumuz yukarida ayrintilar1 yazili makalenin orijinal oldugunu, daha
once yaymlanmadigini, baska herhangi bir dergiye yaymlanmak iizere gonderilmedigini, eger tiimiiyle veya bir
boliimii yayinlandi ise Hayvansal Uretim dergisinde yayinlanabilmesi igin gerekli her tiirlii iznin alindigini ve
orijinal telif hakki devri formu ile birlikte Hayvansal Uretim dergisi editérliigii’ne gonderildigini garanti ederiz.

Bu belge ile makalenin telif hakk1 Zootekni Dernegi’ne devredilmis, Hayvansal Uretim dergisi editorliigii makalenin
yayinlanabilesi konusunda yetkili kilinmigtir. Bununla birlikte yazarlarin asagidaki haklari saklidir.

1. Telif Hakk: disinda kalan patent v.b. biitiin tescil edilmis haklar,

2. Yazarin gelecekte yazacaklari kitap ve ders notu gibi ¢alismalarinda makalenin tiimii ya da bir boliimiinii iicret

6demeksizin kullanma hakki,
3. Makaleyi satmamak kosulu ile kendi amaglari i¢in ¢ogaltma hakka,

Fakat biitiin bu durumlarda makalenin Hayvansal Uretim dergisinde yaymnlandigim gosteren tam referans mutlaka

verilmelidir.

Biitiin yazarlar tarafindan imzalanmak {izere:

Adive Soyadi ....ooovviiiiiii Imza:..........ooooeeiiiiin, Tarih:...........ooooiinnns
Adive Soyadii......oooiiiii Imza:..............l Tarih:...........cooils
Adive Soyadii......oovviiiiiiii Imza:...........cooooiiinin, Tarih:...........cooooinnls
Adive Soyadii.....ooovviiiiiii Imza:...........cooooiiininn, Tarih:...........cooooininls
Adive Soyadii......ooieiiiiii Imza:............... Tarih:...........cooils
Adive Soyadii......ooieiiiiii Imza:..............l Tarih:...........cooils
Adive Soyadii.....ooovviiiiiii Imza:...........cooooiiininn, Tarih:...........cooooininls

Not: Bu formu doldurup, imzalayarak ilk bagvuru sirasinda makale ile birlikte dergi editoriine génderiniz.
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