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Abstract: The aim of this study was to investigate the effect of vitamin E-trace mineral treatments before synchronization and PGF2α 
injection one day before and on the day of sponge removal on reproductive parameters in Morkaraman ewes during the breeding season. 
Fifteen days before the synchronization, the sheep in Group I (n=11) and Group II (n=12) were given orally capsules containing a vitamin 
E-mineral combination. The sheep in Group III (n=10) and IV (n=14) weren’t given. An intravaginal sponge was applied to all sheep to 
remain in the vagina for 6 days, and eCG was injected immediately in all groups after the sponge was removed.  The sheep in Groups I 
and III were injected with PGF2α only on the fifth day, and the sheep in Groups II and IV were injected with PGF2α on both the fifth and 
sixth days. The highest rates of pregnancy (91.67%) were in Group II (P>0.05). The rate of multiple lambing was higher in Groups II 
(90.91%) and IV (87.5%) than in other groups (P>0.05). The lambing rate was lowest in Group III (60%, P>0.05). Embryonic mortality 
rates in the groups were found to be 14.29%, 9.09%, 20.00% and 12.50% in the Group I, Group II, Group III and Group IV, respectively. 
It was determined that litter size was 1.33, 2.3, 2.67, and 3.29 in the Group I, Group II, Group III and Group IV, respectively (P>0.05). 
It was determined that the average birth weight of lamb was highest in Group I (4.88±0.18 kg). It was determined that vitamin E-trace 
mineral treatments and double PGF2α injection increased the pregnancy rate (P>0.05), especially double PGF2α injection contributed to 
the formation of multiple pregnancies. 

Keywords: Double PGF2α injections, Ewe, Trace minerals, Vitamin E, Reproductive performance

Üreme Mevsimindeki Morkaraman Koyunlarında Vitamin E-İz Mineral 
Uygulamalarının Üreme Performansı Üzerine Etkisi

Öz: Sunulan çalışmada üreme mevsiminde bulunan Morkaraman koyunlarında senkronizasyondan önce Vitamin E ve mineral 
kombinasyonu içeren kapsüllerin ve sünger çıkarılmadan bir gün önce ve sünger çıkarıldığı gün PGF2α enjeksiyonunun üreme 
parametreleri üzerine etkisinin araştırılması amaçlandı. Senkronizasyon protokolünden 15 gün önce Grup I ve Grup II’deki koyunlara 
vitamin E-mineral kombinasyonu içeren kapsüller ağızdan yutturuldu. Grup III ve Grup IV’teki koyunlara ise verilmedi. Tüm koyunlara 
6 gün süre ile vaginada kalacak şekilde intravaginal süngerler yerleştirildi ve süngerin çıkarıldığı gün eCG enjeksiyonu yapıldı. Grup I 
ve III’teki koyunlara yalnızca beşinci gün, Grup II ve IV’teki koyunlara ise hem beşinci hem de altıncı gün PGF2α enjeksiyonu yapıldı. 
Gebelik oranı (%91.67) en yüksek Grup II’deydi (P>0.05). Grup II (%90.91) ve Grup IV’te (%87.5) çoklu kuzulama oranı diğer gruplardan 
yüksekti (P>0.05). Kuzulama oranı en düşük Grup III’teydi (%60, P>0.05). Embriyonik ölüm oranları Grup I, II, III ve IV’te sırasıyla 
%14.29, %9.09, %20.00 ve %12.50 olduğu belirlendi. Doğum yapan koyun başına düşen kuzu sayısı gruplarda sırasıyla 1.33, 2.3, 2.67 
ve 3.29 olduğu belirlendi. Ortalama doğan kuzu ağırlığının en yüksek Grup I’de olduğu saptandı (4.88±0.18 kg). Vitamin E ve mineral 
tedavisi ve çift PGF2α enjeksiyonunun gebelik oranını artırdığı (P>0.05) tespit edildi, özellikle çift PGF2α enjeksiyonunun çoklu gebelik 
oluşumuna katkı sağladığı belirlendi. 
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Introduction
Reproduction is the most basic element for ensuring 
productivity in sheep [1]. Increasing the reproduction rate 
makes a great contribution to the economy by ensuring 
both the continuity of productivity and the increase in 
lamb production [2]. For many years, the breeding cycles 
of sheep have been interfered with artificially [3]. With 
these interventions, it is aimed to aggregate the estrus and 
birth time in a certain period, to provide uniformity in 
the offspring [4], and increase offspring productivity by 
stimulating multiple births [2]. They are the most basic 
methods used to stimulate reproduction and increase 
efficiency in various hormonal applications and changes 
in nutrition strategy. The use of PGF2α to shorten the 
luteal phase during the breeding season or progestagen 
to artificially prolong the luteal phase is one of the most 
preferred methods [4-6].

The presence of various vitamins and minerals is essential 
for reproductive health in animals [7]. Vitamin E plays 
an important role in the management of oxidative 
stress. Oxidative stress compromises ovarian activity 
and follicular development. Vitamin E and selenium 
are synergistically effective [8]. Selenium is an important 
component of the enzyme glutathione peroxidase (GSH), 
which is involved in the detoxification of free radicals [1]. 
Graaf follicles and oocytes are reported to be highly 
sensitive to antioxidant status change, especially GSH [8] 

as the GSH level decreases, the rate of apoptosis in 
the antral follicle increases. Therefore, it is reported 
that embryonic and fetal deaths may be more likely in 
vitamin E and selenium deficiency [8]. It is known that 
trace elements such as copper, selenium, and cobalt are 
the most effective minerals for reproduction. These trace 
minerals affect the reproductive performance, as well 
as the survival of the embryo [9]. They are involved in 
the synthesis of many proteins and the activation of the 
enzyme system. Its deficiency affects the immune system 
during the recognition of pregnancy or implantation, 
changing embryonic growth. In farm animals, the 
incidence of premature embryonic death increases if they 
are deficient [9]. Sheep need cobalt more because they 
use a lot of propionic acid for gluconeogenesis, and they 
need sulfur-containing amino acids such as methionine 
for wool growth. It has been determined that subclinical 
cobalt deficiency causes a decrease in the ovulation rate in 
superovulated sheep [10].

The study is aimed to determine the effect of capsules 
containing Vitamin E-trace minerals 15 days before short-
term (6 days) progestagen administration and double-
dose PGF2α injection on some reproductive parameters in 
Morkaraman sheep.

Material and Methods
Ethical Approval 

The present study was approved by the Animal Research 
Ethics committee of the University of Kafkas (Ethics 
approval number: KAÜ-HADYEK, number 2021/157).

Animals

The study was performed during the breeding season 
of 2021 in Morkaraman sheep at the Iğdır University 
Application and Research Farm in Iğdır province, which 
is located at 39° north latitude and 44° east longitude. 
Forty-seven clinically healthy and non-lactating sheep in 
the breeding season were included in the study. The sheep 
were 2-4 years old, with a live weight of 55-65 kg. 4 rams, 
2-3 years old, were used. 600 g of barley was given per 
sheep per day. Meadow grasses and water were offered ad 
libitum. In the last 1 month, close to birth, meadow grass, 
wheat straw, and clover straw were given ad libitum, and 
they were additionally fed with 500 g sheep milk feed.

Methods

The rams were separated from the herd 30 days before 
starting the synchronization protocol. 15 days before 
the synchronization in the breeding season, 2 capsules 
(Vit. E 500 IU, dicalcium phosphate 150 mg, sodium 
selenite 2.5 mg, copper sulfate 10 mg and cobalt sulfate 
12.5 mg) containing vitamin and mineral combinations 
(Bakosel®, Ceva, Türkiye) were given orally for sheep in 
Groups I (n=11) and II (n=12). The sheep in Group III 
(n=10) and IV (n=14) were not given. An intravaginal 
sponge (20 mg flugeston acetate, Chronogest®, France) 
was applied to all sheep for 6 days. While sheep in 
Group I and III were injected with PGF2α (1 mL, 5 mg, 
Dinoprost, Enzaprost®, France) on the fifth day (the day 
before removing the sponge), sheep in Group II and IV 
were injected with PGF2α double, the day before removing 
the sponge and immediately after removing the sponge. 
After this, all sheep were given i.m. an injection of 600 
IU of eCG (Chrono-gest/PMSG, Germany), and the four 
fertile rams joined the herd. After intravaginal sponges 
were removed, estrus was followed up 2 times a day (12 
h intervals) for 30 min for 5 days. The dates and times 
of estrus were recorded. Estrus ewes were separated and 
mated naturally. Ewes were observed for mounting by the 
rams. They were tested for pregnancy detection on day 30 
after mating using ultrasonography device (Hasvet model 
838, HASVET, Türkiye) with 7.5 MHz linear array rectal 
transducer. The date of birth, multiple births, the sex of 
the offspring, and their body weight were recorded.

Blood was collected from the v. jugularis into serum tubes 
from all sheep on day 0 (the day the sponge was inserted), 
on day 6 (the day the sponge was removed), and on the 



Research Article
163

KAYA, KOÇAK,
DEMIR, KAÇAR 

day of estrus. The collected blood was centrifuged at 3500 
rpm for 10 min; the serum was removed, transferred to 
eppendorf tubes, and stored at -20°C until measurements 
were made.

Progesterone and estrogen analyses were performed 
quantitatively by direct chemiluminescence (CLIA) method 
using Siemens brand hormone determination device and 
the same brand ADVIA Centaur (Siemens®, Tarrytown, 
Newyork, USA) test analysis kits. The ADVIA Centaur 
test is a measurement technique with a sensitivity of 100% 
and a specificity of 95.5%. The sensitivity and test range 
for progesterone is 0.21-60 ng/mL, and for estrogen it 
is 11.8-3000 pg/mL.

The reproductive parameters were calculated from the 
findings obtained. These parameters are; The start time 
of estrus [removal of the sponge and observation of signs 
of estrus]

Estrus rate [Number of sheep showing estrus/Total 
number of sheep]x100

Pregnancy rate [Number of pregnant sheep/Total number 
of sheep]x100

Lambing rate [Number of lambing sheep/Number of 
pregnant sheep]x100

Fertility [Number of lambing sheep/Number of mating 
sheep]x100

Birth of a single offspring [Number of sheep lambing with 
a lamb/Number of sheep giving birth]x100

Multiple lambing [Number of sheep giving birth to two or 
more lambs/Number of sheep giving birth]x100

Number of lambs per mating sheep (fecundity) [Number 
of lambs born/Number of mating sheep]

Number of lambs per ewe giving birth (litter size) [Number 
of lambs born/number of sheep giving birth].

Statistical Analysis

Data analyzes were performed using the SPSS® (SPSS 18, 
IL, USA) program. Percentages between groups were 
compared using the Chi-square method. Normality tests 
of the data were analyzed with the Shapiro-Wilk test. 
One Way ANOVA and welch ANOVA were performed 
for the weights of the offspring. Tamhane’s T2 Post hoc 
test was applied. The level of progesterone and estrogen 
was compared with the Mann-Whitney U test. The results 
were given as mean ± standard error (X±SE). P<0.05 was 
considered significant.

Results
It was found that the sponge fell only in one sheep in 
Group IV among the sheep that were applied intravaginal 

sponge. Slight vaginal inflammation was detected in all 
of the sheep included in the study when the sponge was 
removed. It was determined that the time between rams 
joined in the herd and onset of estrus symptoms varied 
between 18-83 h. Reproductive parameter results of the 
synchronization protocol performed during the season in 
Morkaraman sheep are presented in Table 1. The rate of 
estrus was found to be 90.91%, 100%, 80%, and 92.86% in 
Group I, Group II, Group III, and Group IV, respectively. 
It was determined that the highest rate of estrus and 
pregnancy was in Group II (P>0.05). The greatest number 
of embryonic mortality after pregnancy diagnosis was in 
Group III (20%, P>0.05). The highest rate of fecundity 
was in Group II. 6 of the offspring in Group IV (26.09%) 
were determined to have died after birth; all the others 
continued to live. It was determined that there was no 
statistically significant difference between the groups for 
these reproductive parameters (P>0.05). Pregnancy loss 
was determined to be 14.29% in Group I, 9.09% in Group 
II, 40% in group III, and 12.5% in Group IV.

It was determined that the highest rate of multiple births 
was in Group II and Group IV (Table 2). The were 4 
females and 4 males in Group I, 7 females and 16 males in 
Group II, 3 females and 2 males in Group III, 11 females 
and 12 males were born in Group IV.

The reproductive parameters obtained when the sheep 
were classified as Bakosel given and not given are 
presented in Table 3. It was determined that the rate of 
estrus, pregnancy, and lambing was higher in the group 
that received Bakosel than in the group that did not 
receive it (P>0.05). It was determined that the fecundity 
rate was higher in the Bakosel group (1.41) than in the 
non-Bakosel group (1.33). Litter size, on the other hand, 

Fig 1. Application procedure in groups
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was lower in the Bakosel group (P>0.05). Although there 
was a numerical difference in the reproductive parameters 
of these groups, this difference was not statistically 
significant.

The reproductive parameters obtained when the groups 
were classified as sheep with a single and double injection 
of PGF2α, was presented in Table 4. It was determined that 
the rate of estrus, pregnancy, and lambing were higher in 
the group that received a double injection of PGF2α than 
in the group that received a single (P>0.05). It was found 
that the rate of multiple lambing was quite high in the 
group that underwent double PGF2α (P>0.05). Fecundity 

and litter size was found to be higher in the double PGF2α 
group (1.84 and 2.71, respectively) than in the other group 
(0.72 and 1.44, respectively), but this difference was not 
statistically significant.

Intravaginal sponge application is synchronized sheep (day 
0), sponge removal (day 6), mean serum progesterone (P4) 
concentrations, and mean serum estradiol levels on the 
day of estrus are given in Table 5. It was determined that 
the progesterone level was >1 ng/mL in 76.60% (36/47) 
of sheep on the day of intravaginal sponge application. 
When the groups were compared in terms of progesterone 
levels, it was determined that there was a difference on day 

Table 1. Reproductive parameters in groups

Parameters Group I Group II Group III Group IV

Ewes joined (n) 11 12 10 14

Estrus rate (%) 10/11 (90.91) 12/12 (100) 8/10 (80) 13/14 (92.86)

Pregnancy rate (%) 7/11 (63.64) 11/12 (91.67) 5/10 (50) 8/14 (57.14)

Lambing rate (%) 6/7 (85.71) 10/11 (90.91) 3/5 (60) 7/8 (87.5)

Single lambing rate (%) 4/6 (66.67) 1/10 (10) 1/3 (33.33) 1/7 (14.29)

Multiple lambing rate (%) 2/6 (33.33) 9/10 (90) 2/3 (66.67) 6/7 (85.71)

Fecundity 8/10 (0.8) 23/12 (1.92) 5/8 (0.63) 23/13 (1.77)

Litter size 8/6 (1.33) 23/10 (2.3) 5/3 (1.67) 23/7 (3.29)

Survival rate (%) 100 100 100 73.91

Table 2. Distribution of the number of offspring born in groups

Parameters Group I Group II Group III Group IV

Number of lambs born 8 23 5 23

Single lambing rate 4/6 (%66.67) 1/10 (%10) 1/3 (%33.33) 1/7 (%14.29)

Twine lambing rate 2/6 (%33.33) 6/10 (%60) 2/3 (%66.67) 2/7 (%28.57)

Triple lambing rate - 2/10 (%20) - 1/7 (%14.29)

Quadruplet lambing rate - 1/10 (%10) - 1/7 (%14.29)

Quintuple lambing rate - - - 1/7 (%14.29)

Six lambing rate - - - 1/7 (%14.29)

Table 3. Reproductive parameters in Bakosel given and not given sheep

Parameters Bakosel (+) Bakosel (-)

Ewes joined (n) 23 24

Estrus rate (%) 22/23 (95.65) 21/24 (87.5)

Pregnancy rate (%) 18/23 (78.26) 13/24 (54.16)

Lambing rate (%) 16/18 (88.89) 10/13 (76.92)

Single lambing rate (%) 5/16 (31.35) 2/10 (20)

Multiple lambing rate (%) 11/16 (68.65) 8/10 (80)

Fecundity 31/22 (1.41) 28/21 (1.33)

Litter size 31/16 (1.98) 28/10 (2.8)

Mortality (lamb) - 6
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0 only between Group II and Group IV (P<0.05). There 
was no statistical difference in the level of progesterone 
and estrogen on the other measurement days. In 2 sheep 
in Group I, 1 sheep in Group II, 2 sheep in Group III, 
and 2 sheep in Group IV, the level of progesterone on 

the day of estrus were determined to be >1 ng/mL. It was 
determined that the level of progesterone on the day of 
estrus in the groups was between 0.61-0.92 ng/mL. The 
highest mean estrogen level was in Group I and Group III.

The average weights of the lambs born are presented 
in Table 6. It was determined that the highest offspring 
weight was in Group I when the groups were compared 
in terms of weight. There was a statistical difference of 
P<0.001 between Group I-Group II and between Group 
I-Group IV, P=0.005 between Group II-Group III, and 

P=0.001 between Group III and Group IV. When the ewes 
were evaluated among themselves, a difference was found 
between Group I and Group IV and between Group III 
and Group IV. A statistical difference in rams was found 
between Group I and Group II, Group I and Group IV. 

Discussion
Since sheep bred in Turkey generally have low productivity, 
profitability decreases considerably [11]. Morkaraman 
sheep is a fat-tailed breed that is mainly bred in the 
east  of Türkiye [11,12]. The factors that affect profitability  
the most are listed as fertility rate, litter size, and lamb’s 
vitality [11]. The average weight of lambs in Morkaraman 
sheep is 3-4 kg; the lambing rate is 90%, the litter size 
is 1.13-1.28, the fertility rate is 0.92-1.07, and the twin 
lambing rate is 2% [13].

Table 4. The Reproductive parameters in sheep with a single injection of PGF2α and double injection of PGF2α

Parameters Single PGF Double PGF

Ewes joined (n) 21 26

Estrus rate (%) 18/21 (85.71) 25/26 (96.15)

Pregnancy rate (%) 12/21 (57.14) 19/26 (73.08)

Lambing rate (%) 9/13 (69.23) 17/22 (77.27)

Single lambing rate (%) 5/9 (55.56) 2/17 (11.76)

Multiple lambing rate (%) 4/9 (44.44) 15/17 (88.24)

Fecundity 13/18 (0.72) 46/25 (1.84)

Litter size 13/9 (1.44) 46/17 (2.71)

Table 5. Intravaginal sponge application (day 6), removal (day 0) and serum progesterone levels and serum estradiol levels on the day of estrus

Groups
Progesterone (ng/mL) Estrus Day 

0. day 6. day Progesterone (ng/mL) Estradiol 
(pg/mL)

Group I (n=11) 3.83±0.71 1.38±0.45 0.92±0.22 56.29±7.97

Group II (n=12) 2.80±0.85* 1.67±0.51 0.69±0.16 48.19±3.54

Group III (n=10) 3.77±1.08 1.68±0.53 0.92±0.37 56.71±5.34

Group IV (n=14) 5.88±0.58* 1.72±0.46 0.61±0.18 54.09±8.03

· The difference between values with different letters in the same column is significant (P<0.05)

Table 6. Average weight of offspring in groups

Groups Average Lamb Weight (kg) Average Female Lamb Weight 
(kg) Average Male Lamb Weight (kg)

Group I 4.74±0.16a 4.42±0.28k 4.88±0.18x

Group II 3.43±0.16b 3.36±0.21kl 3.47±0.22y

Group III 4.63±0.23c 4.72±0.22mk 4.41±0.71xy

Group IV 2.99±0.30bd 2.53±0.40l 3.34±0.42yz

a:d, k:m, x:z: The difference between values with different letters in the same column is significant,  a:b:<0.001, a:bd: <0.001, b:c: 0.005, c:bd: 0.001, x:y: <0.001, x:z:0.03,  
k:l: 0.007, mk:l: 0.001
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In recent years, short-term protocols have been preferred 
for the synchronization of breeding in sheep [2, 14-16]. These 
protocols use progestogen for 5 [17], 6 [2], 7 [14], and 9 days [11], 
which are generally performed by adding eCG and PGF2α 
injection. It is reported that the fertility rate is higher in 
short-term protocols than in the long-term [18]. It is believed 
that low fertility in long-term protocols is due to the fact 
that the follicular wave in sheep is slower and stimulates 
the ovulation of the persistently dominant follicle. It is 
explained that pregnancy rates are higher since ovulation 
of newly growing follicles probably occurs in short-term 
progestogen treatment [18]. It was determined that the 
estrus rate was 100% in sheep treated with progestogen 
and PGF2α analog for 5 days [17]. In the study conducted 
by Biehl et al [14], on the other hand, the rate of estrus was 
determined as 70.8% in sheep who were administered 
short-term (7 days, PGF2α, 300 IU PMSG) intravaginal 
progestogen. Najafi [19] determined the estrus rate as 
80%. It has been reported that the pregnancy rate varies 
between 75-93.75% during the breeding season [14-16,19-21]. 
It was seen that the litter size ratio in sheep that received 
short-term progesterone supplementation and injected 
with PGF2α and different doses of eCG varied between 
1.24-2.20 [16-18,20,22]. Fertility rates have been reported 
to be between 75 and 87.5% [21]. In the present study, it 
was determined that the rate of estrus in the groups was 
between 80-100%. The pregnancy rates in the groups 
were 63.64%, 91.67%, 50%, and 57.14%, respectively. 
Although the multiple pregnancy rate was not statistically 
significant, it was determined that it was highest in Group 
II (90%). In all these studies, it is thought that the wide 
range in the values of the reproductive parameters is due 
to the breed of the animal, the synchronization protocol, 
the progesterone source used, the dose of PGF2α and eCG, 
and the injection days.

It is known that due to the increasing number of animals 
and unconscious grazing in our country, the pastures are 
severely damaged, and the plant quality has decreased 
significantly [23]. There is insufficient protein intake in 
sheep grazing on low-quality pastures. Protein deficiency 
both reduces the absorption of trace elements and leads 
to a lack of amino acids necessary for the synthesis of 
antioxidant enzymes and, therefore to a deterioration in 
antioxidant capacity [24]. Vit E plays an important role in the 
management of oxidative stress [8]. Some trace elements, 
such as selenium [25,26] and copper, act as a structural element 
of many enzymes and hormones and act on fertility [25]. It 
is reported that a low copper level during estrus negatively 
affects the pregnancy rate [25]. In cobalt deficiency, it 
has been determined that ovulatory response decreases 
in superovulated sheep. In addition, it is reported that 
subclinical cobalt insufficiency affects both the pregnancy 
and conception rate and the survival and viability of the 

newborn [10]. In a study investigating the effect of Vit E and 
Selenium injection on reproductive performance in estrus 
synchronization, injections were made on the day the 
sponge was applied, the day the sponge was removed (600 
IU PMSG), and 19 days after the sponge was removed. 
No difference was found between the injected group and 
the control group in terms of the lambing rate of twins 
or triplets. It was found that the pregnancy rate (86.8%) 
was higher in the vitamin-administered group than in the 
control group (63.9%) (P<0.01). It has been determined 
that vitamin-mineral administration reduces pregnancy 
loss. It has been determined that fecundity and prolificacy 
increase with vitamin administration, but this difference 
is not statistically significant [27]. According to the study 
conducted by Birdane et al.[28], it was found that the 
injection of vitamins A, D3, and E into sheep synchronized 
with progestagen and eCG increases the pregnancy rate. It 
was determined that the number of offspring per pregnant 
sheep (1.54) and the rate of multiple births (42.9%) 
increased in the vitamin-administered group compared to 
the control group (1.37 and 33.3%, respectively). However, 
no statistical difference was found in any of these values.

In the study conducted by Farahavar et al.[29], Vit 
E+Selenium injection was given to sheep 2 weeks before 
CIDR was administered (for 13 days), on the day CIDR 
was administered, and on the day CIDR was removed. 
There are 18 sheep in each group. In the first service 
period, the number of lambing sheep was 11 in the 
vitamin-administered group, 10 in the control group, and 
the number of lambs born was 13 and 11 in the groups, 
respectively. Single births were determined as 9 in both 
groups; twins or triplet births were determined as 2-to-1, 
male offspring as 7-to-8, and female offspring as 6-to-3. 
The fertility rate was determined as 61.11% to 55.56%, 
pregnancy loss as 38.88% to 44.44%, and productivity as 
118 to 110%, respectively. According to Zonturlu et al.[7], 
it was found that bolus administration of trace amounts 
of vitamin E and minerals 14 days before synchronization 
increased the rate of multiple births. While the pregnancy 
rate and lambing rates were 75.4% and 75.4%, it was 
determined as 67.2% and 65.6% in the control group. The 
number of twin offspring was found to be significantly 
higher compared to the control group. In the study 
conducted by Musa et al.[30], Vit E injections were given 
to one group and Vit E and Selenium injections to the 
other group at 14-day intervals, while the third group 
received saline injections as the control group. CIDR is 
left in the body for 14 days. Estrus rate was 80%, 100%, 
and 100% in control, Vit E and Vit E + Selenium groups; 
the pregnancy rate was 75%, 80%, 80%, lambing rate 
was 66.6%, 100%, 100%, fecundity was 100%, 100%, 
100% respectively. It is reported that Vit E and Selenium 
have a positive effect on fertility. Although there was no 
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statistically significant difference in the presented study, 
the rate of estrus (95.65%), pregnancy (78.26%), and 
lambing (88.89%) in the group given bolus containing 
vitamin E and minerals were compared to the group not 
given (87.5%, 54.16%, and 76.92% respectively) were 
determined to be higher. In addition, the fecundity rate 
was also higher in the vitamin-mineral group. The absence 
of a statistically significant difference between the groups 
may be due to the small number of animals. It is thought 
that this increase in fertility parameters may be due to the 
intracellular antioxidant properties of vitamin E and trace 
elements and their contribution to the protection of cell 
membranes from oxidative damage by cleansing reactive 
oxygen radicals. It is because reactive oxygen species play 
a role in folliculogenesis, oocyte maturation, ovulation, 
corpus luteum formation and regression, implantation, 
and fetal development [30]. In addition, it is thought that 
intravaginal sponge application may be one of the sources 
of oxidative stress in synchronized sheep and that Vit E 
+ Selenium supplementation reduces oxidative stress [29] 
and thus contributes to reproductive performance.

Exogenous PGF2α injection stimulates the production 
of utero ovarian PGF2α 

[31]. In sheep, the corpus luteum 
responds to PGF2α between days 4-14 of the cycle. It is 
explained that PGF2α injection is needed at a dose of 6 mg [32] 

for a corpus luteum on days 2-4 of the cycle and 10 mg 
for a mature corpus luteum [33,34]. It is reported that the 
response rate increases as the dose of PGF2α increases [35]. 
It has been reported that the maximum response in a 
single injection is at the dose of 20 mg [35], and it can be 
used in divided doses every 3 h [36], reducing the cost of 
medication [37]. It was determined that the progesterone 
level decreased within 24 h and the percentage of estrus 
within 1-5 days was 35% in sheep given PGF2α injection 
at a dose of 5 mg. At doses of 15 mg and 20 mg, this ratio 
was found to be 70% and 95%, respectively [35]. Mekuriaw 
et al.[38] reported that the rate of estrus and the time of 
onset of estrus did not change depending on the dose, but 
the pregnancy rate was higher in the group that received 
a high dose of PGF2α injection. In a study conducted by 
Dixon et al.[37], CIDR was applied intravaginally for 5 days. 
PGF2α injections were given double (20 and 17 h before) a 
day before CIDR removal. During the first service period, 
the pregnancy rate was determined as 63.9% in the first 
group, the lambing rate was determined as 95%, the 
pregnancy rate was determined as 71%, and the lambing 
rate as 95% in sheep that received a double dose of PGF2α 
injection 3-h intervals on the day the CIDR was removed. 
The pregnancy rate was found to be higher in cows who 
were administered the CIDR + cosynch protocol for 5 
days; and in those who received PGF2α injections every  
8 h [39] and 12 h [40] compared to those treated with a single 
PGF2α protocol [39]. It has been reported that luteolysis is 
not complete in a single injection of PGF2α or that it is 
caused by less complete luteinization [39,40]. In the present 

study, by taking previous studies as an example [37,41,42], 
dinoprost was used at a dose of 5 mg for luteolysis. It was 
determined that the rate of estrus and pregnancy was 
higher in the group that received PGF2α injections with 24 
hours intervals compared to those who received a single 
dose of PGF2α. In addition, it was found that the rate of 
multiple lambing was higher in the group receiving a 
double dose than in the group receiving a single dose of 
PGF2α. It is believed that this increase may be because a 
double dose of PGF2α fully provides luteolysis and acts on 
the follicular wave and ovulation.

It was reported that the average birth weight of 
Morkaraman lambs was 3.41±0.06 kg. It has been reported 
that there is a difference of 1.38 kg in favor of singles and 
0.438 kg in favor of rams between rams and ewes [43]. In 
the presented study, it was determined that the average 
offspring weight ranged between 3.34 and 4.88 kg. It  
was determined that the average weight of the offspring 
was the least in Group II and Group IV. In these groups, 
lamb weights were determined to be lower due to the 
multiple pregnancies.

In the study, it was confirmed that the progesterone level 
was >1 ng/mL in 76.6% of sheep on the day of sponge 
application (mean 4.16±0.42 ng/mL); that is, the animals 
were in cyclicity. On the day the sponge was removed, 
the level of subluteal progesterone (1.61±0.24 ng/mL) 
was determined. A lower progesterone level on the day of 
removal is because chronogest, which contains synthetic 
progesterone, cannot be measured in the blood [22].

As a result, in this study, it was determined that Vit 
E-mineral therapy and double PGF2α injection increased 
the reproductive performance numerically, but this 
difference was not statistically significant. In particular, it 
was determined that a double PGF2α injection contributes 
to the formation of a complete luteolysis and increases 
fertility and productivity. In order to fully understand 
the effect of Vit E-mineral treatment and PGF2α on 
reproductive performance, it is recommended that a more 
comprehensive study should be conducted by increasing 
the number of animals.
Availability of Data and Materials

The datasets used and/or analyzed during the current study 
are available from the corresponding author (M.C. Demir) on 
reasonable request.

Ethical Approval 

The present study was approved by the Animal Research Ethics 
committee of the University of Kafkas (Ethics approval number: 
KAÜ-HADYEK-2021/157).

Conflicts of Interest

The authors declare no conflict of interest. The authors alone are 
responsible for the content and writing of paper.

Author Contributions

SK and CK planned the study, designed the experiments, and 



168

The Importance of Vitamin E on Reproduction in Morkaraman Sheep Research Article

helped manuscript writing; SK, CK, GK and MCD performed 
this study; GK and MCD collected blood samples and conducted 
laboratory process. SK analyzed the statistics data. All authors read 
and approved the final manuscript.

References
1. Koyuncu M, Öziş Altınçelik Ş, Nageye FI: Effects of CIDR, Vitamin A, E 
+ selenium on reproductive performance in ewes of anestrus period. KSU J 
Agric Nat, 22, 179-187, 2019. DOI: 10.18016/ksutarimdoga.vi.560334
2. Aköz M, Bülbül B, Ataman MB, Dere S: Induction of multiple births in 
Akkaraman cross-bred sheep synchronized with short duration and different 
doses of progesterone treatment combined with PMSG outside the breeding 
season. Bull Vet Inst Pulawy, 50, 97-100, 2006. 
3. Kaya S, Kaçar C, Kaya D, Aslan S: The effectiveness of supplemental 
administration of progesterone with GnRH, hCG and PGF2α on the fertility 
of Tuj sheep during the non-breeding season. Small Ruminant Res, 113, 365-
370, 2013. DOI: 10.1016/j.smallrumres.2013.03.018
4. Kaçar C, Kaya S, Kuru M Zonturlu AK: Contemporary methods for the 
control of reproduction in sheep and goats. Turkiye Klinikleri J Vet Sci Obstet 
Gynecol-Special Topics, 2 (1): 29-37, 2016.
5. Jainudeen MR, Wahid H, Hafez ESE: Sheep and Goats. In, Hafez ESE, 
Hafez B, (Eds): Reproduction and Farm Animals. 7th ed., 172-181, A Wolters 
Kluver Company Philadelphia, 2000.
6. Kusina NT, Tarwirei F, Hamudikuwanda H, Agumba G, Mukwena J: A 
comparison of the effects of progesterone sponges and ear implants, 
PGF2alpha, and their combination on efficacy of estrus synchronization and 
fertility of Mashona goat does. Theriogenology, 53, 1567-1580, 2000. DOI: 
10.1016/s0093-691x(00)00298-3
7. Zonturlu AK, Kacar C, Sönmez A, Yuce A, Kaya S: The effect of 
injectable vitamin E and trace minerals (selenium, calcium, phosphate, 
copper, and cobalt) on reproductive performance during non-breeding 
season in Awassi ewes. Agric Biol, 52 (2): 331-337, 2017. DOI: 10.15389/
agrobiology.2017.2.331eng
8. Barrozo LG, Paulino LRFM, Silva BR, Barbalho EC, Nascimento DR, 
Neto MFL, Silva JRV: N-acetyl-cysteine and the control of oxidative 
stress during in vitro ovarian follicle growth, oocyte maturation, embryo 
development and cryopreservation. Anim Reprod Sci, 231, 106801, 2021. 
DOI: 10.1016/j.anireprosci.2021.106801
9. Hostetler CE, Kincaid RL, Mirando MA: The role of essential trace 
elements in embryonic and fetal development in livestock. Vet J, 166, 125-
139, 2003. DOI: 10.1016/s1090-0233(02)00310-6
10. Mitchell LM, Robinson JJ, Watt RG, McEvoy TG, Ashworth CJ, Rooke 
JA, Dwyer M: Effects of cobalt/vitamin B12 status in ewes on ovum 
development and lamb viability at birth. Reprod Fertil Dev, 19, 553-562, 
2007. DOI: 10.1071/RD07012
11. Emsen E, Gimenez-Diaz C, Kutluca M, Koycegiz F: Reproductive 
response of ewes synchronized with different lengths of MGA treatments in 
intrauterine insemination program. Anim Reprod Sci, 126, 57-60, 2011. DOI: 
10.1016/j.anireprosci.2011.04.007
12. Kayalık MŞ, Bingöl M: All characterictics of Morkaraman sheep. Igdir 
Univ FBED, 5 (2): 89-97, 2015.
13. Saygılı E, Turkyılmaz D, Ekinci K, Dağdelen Turkyılmaz U, Özdemir 
M, Esenbuga N, Kopuzlu S: Associations between MSTN/HaeIII 
polymorphism and reproductive and growth characteristics in morkaraman 
sheep. Kafkas Univ Vet Fak Derg, 28 (6): 717-722, 2022. DOI: 10.9775/
kvfd.2022.27952
14. Biehl MV, Junior MVCF, Barroso JPR, Susin I, Ferreira EM, Polizel 
DM, Pirez AV: The reused progesterone device has the same effect on short 
or long estrus synchronization protocols in tropical sheep. Trop Anim Health 
Prod, 51, 1545-1549, 2019. DOI: 10.1007/s11250-019-01841-1
15. Dursun Ş: Effect of different short-term synchronization protocols  
on estrus and fertility in non-pregnant ewes during the breeding season. 
J Hellenic Vet Med Soc, 70 (2): 1461-1466, 2019. DOI: 10.12681/
jhvms.20813
16. Vilariño M, Rubianes E, Menchaca A: Ovarian responses and pregnancy 

rate with previously used intravaginal progesterone releasing devices for 
fixed-time artificial insemination in sheep. Theriogenology, 79, 206-210, 
2013. DOI: 10.1016/j.theriogenology.2012.10.007
17. Beck NFG, Davies B, Williams SP: Oestrous synchronization in ewes: 
the effect of combining a prostaglandin analogue with a 5-day progestagen 
treatment. Anim Prod, 56, 207-210, 1993. DOI: 10.1017/S0003356100021279
18. Karaca F, Ataman MB: Synchronization of estrus with short- and long-
term progestagen treatments and the use of GnRH prior to short-term 
progestagen treatment in ewes. Small Ruminant Res, 81, 185-188, 2009. DOI: 
10.1016/j.smallrumres.2008.12.002
19. Najafi G: The effects of short and long-term progesterone treatment 
combined with PMSG on the fertility rate of Ghezel breed ewes during the 
breeding season. JBCVM, 2 (1): 1-9, 2021. 
20. Ataman MB, Aköz M, Akman O: Induction of synchronized oestrus in 
akkaraman cross-bred ewes during breeding and anestrus seasons: The use 
of short-term and long-term progesterone treatments. Rev Med Vet, 157, 
257-260, 2006. 
21. López-García S, Sánchez-Torres MT, Cordero-Mora JL, Figueroa-
Velasco JL, Martínez-Aispuro JA, García-Cué JL, Martínez-Cruz 
I, Cárdenas-León M: Estrous synchronization in sheep with reused 
progesterone devices and eCG. Rev Bras Zootec, 50:e20200176, 2021. DOI: 
10.37496/rbz5020200176
22. Fleisch A, Werne S, Heckendorn F, Hartnack S, Piechotta M, Bollwein 
H: Comparison of 6-day progestagen treatment with Chronogest® CR and 
Eazi-breedTM CIDR® G intravaginal inserts for estrus synchronization 
in cyclic ewes. Small Ruminant Res, 107, 141-146, 2012. DOI: 10.1016/j.
smallrumres.2012.05.014
23. Babalık AA, Fakir H: Comparison of vegetation properties on the 
protected and grazed rangeland areas: The case of Kocapınar Rangeland. 
Turkish J Agric For, 18 (3): 207-211, 2017. DOI: 10.18182/tjf.329692
24. Mohebbi-Fani M, Mirzaei A, Nazifi S, Tabandeh MR, Shabbooei Z: 
Selenium, copper, zinc, manganese and their relevant antioxidant enzymes 
in plasma of grazing pregnant ewes during dry season. J Fac Vet Med Istanbul 
Univ, 40 (2): 202-210, 2014.
25. Uslu BA, Mis L, Gulyuz F, Comba B, Ucar O, Tasal I, Comba A, Kosal 
V, Sendag S, Wehrend A: Is there a relationship between serum minerals 
(Ca, Mg) and trace elements (Cu, Fe, Mn, Zn) at mating on pregnancy rates 
in fat-tailed Morkaraman sheep? Indian J Anim Res, 51 (2): 256-262, 2017. 
DOI: 10.18805/ijar.v0iOF.7258
26. Vural MR, Sel T, Karagul H, Ozenç E, Orman M, Izgur H, Kuplulu S: 
Ultrasonographic examinations of embryonicfetal growth in pregnant 
Akkaraman ewes fed selenium supply and dietary selenium restriction.  
Revue Méd Vét, 159 (12): 628-633, 2008. 
27. Awawdeh MS, Eljarah AH, Ababneh MM: Multiple injections of 
vitamin E and seleniumimproved the reproductive performance of estrus-
synchronized Awassi ewes. Trop Anim Health Prod, 51, 1421-1426, 2019. 
DOI: 10.1007/s11250-019-01826-0
28. Birdane MK, Avdatek F: Effect of vitamin A, D3, E treatment on fertility 
in the Pırlak sheep. Kocatepe Vet J, 13 (2): 179-184, 2020. DOI: 10.30607/
kvj.698697
29. Farahavar A, Rostami Z, Alipour D, Ahmadi A: The effect of pre-
breeding vitamin E and selenium injection on reproductive performance, 
antioxidant status, and progesterone concentration in estrus-synchronized 
Mehraban ewes. Trop Anim Health Prod, 52, 1779-1786, 2020. DOI: 10.1007/
s11250-019-02183-8
30. Musa SI, Bitto II, Ayoade JA, Oyedipe OE: Effects of vitamin E and 
selenium on fertility and lamb performance of Yankasa sheep. Open J Vet 
Med, 8, 167-173, 2018. DOI: 10.4236/ojvm.2018.89015
31. Wade DE, Lewis GS: Exogenous prostaglandın F2α stimulates utero-
ovarian release of prostaglandin F2α in sheep: A possible component of the 
luteolytic mechanism of action of exogenous prostaglandin F2α. Domest 
Anim Endocrinol, 13 (5): 383-398, 1996. DOI: 10.1016/0739-7240(96)00069-0
32. Pope WF, Cárdenas H, Wiley TM, McClure KE: Dose-response 
relationships of exogenous progesterone shortly after ovulation on estrous 
cycle length, blastocyst development and fertility in sheep. Anim Reprod Sci, 
38, 109-117, 1995. DOI: 10.1016/0378-4320(94)01348-P 

http://dogadergi.ksu.edu.tr/tr/pub/issue/49073/560334
http://dogadergi.ksu.edu.tr/tr/pub/issue/49073/560334
http://dogadergi.ksu.edu.tr/tr/pub/issue/49073/560334
https://jvetres.piwet.pulawy.pl/files/archive/20061/20061097100.pdf
https://jvetres.piwet.pulawy.pl/files/archive/20061/20061097100.pdf
https://jvetres.piwet.pulawy.pl/files/archive/20061/20061097100.pdf
https://jvetres.piwet.pulawy.pl/files/archive/20061/20061097100.pdf
https://www.sciencedirect.com/science/article/pii/S092144881300103X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S092144881300103X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S092144881300103X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S092144881300103X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X00002983?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X00002983?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X00002983?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X00002983?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X00002983?via%3Dihub
http://www.agrobiology.ru/2-2017zonturlu-eng.html
http://www.agrobiology.ru/2-2017zonturlu-eng.html
http://www.agrobiology.ru/2-2017zonturlu-eng.html
http://www.agrobiology.ru/2-2017zonturlu-eng.html
http://www.agrobiology.ru/2-2017zonturlu-eng.html
https://www.sciencedirect.com/science/article/pii/S0378432021001160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021001160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021001160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021001160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021001160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023302003106?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023302003106?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023302003106?via%3Dihub
https://www.publish.csiro.au/rd/RD07012
https://www.publish.csiro.au/rd/RD07012
https://www.publish.csiro.au/rd/RD07012
https://www.publish.csiro.au/rd/RD07012
https://www.sciencedirect.com/science/article/pii/S0378432011001138?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432011001138?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432011001138?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432011001138?via%3Dihub
https://dergipark.org.tr/en/download/article-file/412788
https://dergipark.org.tr/en/download/article-file/412788
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2946.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2946.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2946.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2946.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2946.pdf
https://link.springer.com/article/10.1007/s11250-019-01841-1
https://link.springer.com/article/10.1007/s11250-019-01841-1
https://link.springer.com/article/10.1007/s11250-019-01841-1
https://link.springer.com/article/10.1007/s11250-019-01841-1
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/20813
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/20813
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/20813
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/20813
https://www.sciencedirect.com/science/article/pii/S0093691X12005705?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X12005705?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X12005705?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X12005705?via%3Dihub
https://www.cambridge.org/core/journals/animal-science/article/abs/oestrous-synchronization-in-ewes-the-effect-of-combining-a-prostaglandin-analogue-with-a-5day-progestagen-treatment/7A7B270A44FBD4215CE488A8C2FAC052
https://www.cambridge.org/core/journals/animal-science/article/abs/oestrous-synchronization-in-ewes-the-effect-of-combining-a-prostaglandin-analogue-with-a-5day-progestagen-treatment/7A7B270A44FBD4215CE488A8C2FAC052
https://www.cambridge.org/core/journals/animal-science/article/abs/oestrous-synchronization-in-ewes-the-effect-of-combining-a-prostaglandin-analogue-with-a-5day-progestagen-treatment/7A7B270A44FBD4215CE488A8C2FAC052
https://www.sciencedirect.com/science/article/pii/S0921448808002472?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448808002472?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448808002472?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448808002472?via%3Dihub
https://journals.iau.ir/article_686344.html?lang=en
https://journals.iau.ir/article_686344.html?lang=en
https://journals.iau.ir/article_686344.html?lang=en
https://www.academia.edu/9250086/Induction_of_synchronized_oestrus_in_akkaraman_cross_bred_ewes_during_breeding_and_anestrus_seasons_the_use_of_short_term_and_long_term_progesterone_treatments
https://www.academia.edu/9250086/Induction_of_synchronized_oestrus_in_akkaraman_cross_bred_ewes_during_breeding_and_anestrus_seasons_the_use_of_short_term_and_long_term_progesterone_treatments
https://www.academia.edu/9250086/Induction_of_synchronized_oestrus_in_akkaraman_cross_bred_ewes_during_breeding_and_anestrus_seasons_the_use_of_short_term_and_long_term_progesterone_treatments
https://www.academia.edu/9250086/Induction_of_synchronized_oestrus_in_akkaraman_cross_bred_ewes_during_breeding_and_anestrus_seasons_the_use_of_short_term_and_long_term_progesterone_treatments
https://www.rbz.org.br/article/estrous-synchronization-in-sheep-with-reused-progesterone-devices-and-ecg/
https://www.rbz.org.br/article/estrous-synchronization-in-sheep-with-reused-progesterone-devices-and-ecg/
https://www.rbz.org.br/article/estrous-synchronization-in-sheep-with-reused-progesterone-devices-and-ecg/
https://www.rbz.org.br/article/estrous-synchronization-in-sheep-with-reused-progesterone-devices-and-ecg/
https://www.rbz.org.br/article/estrous-synchronization-in-sheep-with-reused-progesterone-devices-and-ecg/
https://www.sciencedirect.com/science/article/pii/S0921448812002325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448812002325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448812002325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448812002325?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448812002325?via%3Dihub
https://dergipark.org.tr/en/pub/tjf/issue/32360/329692
https://dergipark.org.tr/en/pub/tjf/issue/32360/329692
https://dergipark.org.tr/en/pub/tjf/issue/32360/329692
https://dergipark.org.tr/en/download/article-file/173529
https://dergipark.org.tr/en/download/article-file/173529
https://dergipark.org.tr/en/download/article-file/173529
https://dergipark.org.tr/en/download/article-file/173529
https://arccjournals.com/journal/indian-journal-of-animal-research/B-540

https://arccjournals.com/journal/indian-journal-of-animal-research/B-540

https://arccjournals.com/journal/indian-journal-of-animal-research/B-540

https://arccjournals.com/journal/indian-journal-of-animal-research/B-540

https://arccjournals.com/journal/indian-journal-of-animal-research/B-540

https://www.researchgate.net/publication/236605126_Ultrasonographic_examinations_of_embryonicfetal_growth_in_pregnant_Akkaraman_ewes_fed_selenium_supply_and_dietary_selenium_restriction_MR_Vural_T_Sel_H_Karagul_E_Ozenc_M_Orman_H_Izgur_S_Kuplulu_Revue_
https://www.researchgate.net/publication/236605126_Ultrasonographic_examinations_of_embryonicfetal_growth_in_pregnant_Akkaraman_ewes_fed_selenium_supply_and_dietary_selenium_restriction_MR_Vural_T_Sel_H_Karagul_E_Ozenc_M_Orman_H_Izgur_S_Kuplulu_Revue_
https://www.researchgate.net/publication/236605126_Ultrasonographic_examinations_of_embryonicfetal_growth_in_pregnant_Akkaraman_ewes_fed_selenium_supply_and_dietary_selenium_restriction_MR_Vural_T_Sel_H_Karagul_E_Ozenc_M_Orman_H_Izgur_S_Kuplulu_Revue_
https://www.researchgate.net/publication/236605126_Ultrasonographic_examinations_of_embryonicfetal_growth_in_pregnant_Akkaraman_ewes_fed_selenium_supply_and_dietary_selenium_restriction_MR_Vural_T_Sel_H_Karagul_E_Ozenc_M_Orman_H_Izgur_S_Kuplulu_Revue_
https://link.springer.com/article/10.1007/s11250-019-01826-0

https://link.springer.com/article/10.1007/s11250-019-01826-0

https://link.springer.com/article/10.1007/s11250-019-01826-0

https://link.springer.com/article/10.1007/s11250-019-01826-0

https://dergipark.org.tr/tr/pub/kvj/issue/52778/698697
https://dergipark.org.tr/tr/pub/kvj/issue/52778/698697
https://dergipark.org.tr/tr/pub/kvj/issue/52778/698697
https://link.springer.com/article/10.1007/s11250-019-02183-8
https://link.springer.com/article/10.1007/s11250-019-02183-8
https://link.springer.com/article/10.1007/s11250-019-02183-8
https://link.springer.com/article/10.1007/s11250-019-02183-8
https://link.springer.com/article/10.1007/s11250-019-02183-8
https://www.scirp.org/journal/paperinformation.aspx?paperid=87327
https://www.scirp.org/journal/paperinformation.aspx?paperid=87327
https://www.scirp.org/journal/paperinformation.aspx?paperid=87327
https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub

https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub

https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub

https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0739724096000690?via%3Dihub

https://www.sciencedirect.com/science/article/pii/037843209401348P?via%3Dihub
https://www.sciencedirect.com/science/article/pii/037843209401348P?via%3Dihub
https://www.sciencedirect.com/science/article/pii/037843209401348P?via%3Dihub
https://www.sciencedirect.com/science/article/pii/037843209401348P?via%3Dihub


Research Article
169

KAYA, KOÇAK,
DEMIR, KAÇAR 

33. Douglas RH, Ginther OJ: Luteolysis Following a single injection of 
prostaglandin F2α in Sheep. J Anim Sci, 37 (4): 990-993, 1973. DOI: 10.2527/
jas1973.374990x
34. Silvia WJ, Niswender GD: Maintenance of the corpus luteum of early 
pregnancy in the ewe. IV. Changes in luteal sensitivity to prostaglandin F2 
alpha throughout early pregnancy. J Anim Sci, 63 (4): 1201-1207, 1986. DOI: 
10.2527/jas1986.6341201x
35. Hackett AJ, Robertson HA: Effect of dose and time of injectıon of 
prostaglandin F2α in cycling ewes. Theriogenology, 13 (5): 347-351, 1980. 
DOI: 10.1016/0093-691X(80)90046-1
36. Hawk HH, Cooper BS: Sperm transport into the cervix of the ewe after 
regulation of estrus with prostaglandin or progestogen. J Anim Sci, 44, 638-
644, 1977. DOI: 10.2527/jas1977.444638x
37. Dixon AB, Knights M, Pate JL, Lewis PE, Inskeep EK: Reproductive 
performance of ewes after 5-day treatment with intravaginal inserts 
containing progesterone in combination with injection of prostaglandin 
F2α. Reprod Domest Anim, 41, 142-148, 2006. DOI: 10.1111/j.1439-0531. 
2006.00656.x
38. Mekuriaw Z, Assefa H, Tegegne A, Muluneh D: Estrus response and 
fertility of Menz and crossbred ewes to single prostaglandin injection 
protocol. Trop Anim Health Prod, 48, 53-57, 2016. DOI: 10.1007/s11250-
015-0919-z
39. Bridges GA, Ahola JK, Brauner C, Cruppe LH, Currin JC, Day ML, 
Gunn PJ, Jaeger JR, Lake SL, Lamb GC, Marquezini GHL, Peel RK, Radunz 

AE, Stevenson JS, Whittier WD: Determination of the appropriate delivery 
of prostaglandin F2α in the five-day COSynch+controlled intravaginal drug 
release protocol in suckled beef cows. J Anim Sci, 90, 4814-4822, 2012. DOI: 
10.2527/jas.2011-4880

40. Kasimanickam R, Day ML, Rudolph JS, Hall JB, Whittier WD: Two 
doses of prostaglandin improve pregnancy rates to timed-AI in a 5-day 
progesterone-based synchronization protocol in beef cows. Theriogenology, 
71, 762-767, 2009. DOI: 10.1016/j.theriogenology.2008.09.049

41. Kuru M, Öğün M, Kulaksız R, Kükürt A, Oral H: Comparison of 
oxidative/nitrosative stress, leptin and progesterone concentrations in 
pregnant and non-pregnant Abaza goats synchronized with controlled 
internal drug release application. Kafkas Univ Vet Fak Derg, 24 (6): 887-892, 
2018. DOI: 10.9775/kvfd.2018.20222

42. Santos-Jimenez Z, Martinez-Herrero C, Encinas T, Martinez-Ros P, 
Gonzalez-Bulnes A: Comparative efficiency of oestrus synchronization in 
sheep with progesterone/eCG and progesterone/GnRH during breeding 
and non-breeding season. Reprod Domest Anim, 55, 882-884, 2020. DOI: 
10.1111/rda.13698

43. Ateş CT, Arslan M, Yılmaz O: The effects of some factors on birth 
weight, survival rate and litter size pregnancy period in Morkaraman and 
Morkaraman x Dorset Down cross-breed lambs (F1). Turk J Vet Anim Sci, 
27, 1311-1318, 2003.

https://academic.oup.com/jas/article-abstract/37/4/990/4667523?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/37/4/990/4667523?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/37/4/990/4667523?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/63/4/1201/4662179?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/63/4/1201/4662179?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/63/4/1201/4662179?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/63/4/1201/4662179?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/0093691X80900461?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0093691X80900461?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0093691X80900461?via%3Dihub
https://academic.oup.com/jas/article-abstract/44/4/638/4697624?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/44/4/638/4697624?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/44/4/638/4697624?redirectedFrom=fulltext&login=true
https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2006.00656.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2006.00656.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2006.00656.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2006.00656.x

https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0531.2006.00656.x

https://link.springer.com/article/10.1007/s11250-015-0919-z
https://link.springer.com/article/10.1007/s11250-015-0919-z
https://link.springer.com/article/10.1007/s11250-015-0919-z
https://link.springer.com/article/10.1007/s11250-015-0919-z
https://academic.oup.com/jas/article-abstract/90/13/4814/4703409?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/90/13/4814/4703409?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/90/13/4814/4703409?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/90/13/4814/4703409?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/90/13/4814/4703409?redirectedFrom=fulltext&login=true
https://academic.oup.com/jas/article-abstract/90/13/4814/4703409?redirectedFrom=fulltext&login=true
https://www.sciencedirect.com/science/article/pii/S0093691X08007073?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X08007073?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X08007073?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X08007073?via%3Dihub
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2409.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2409.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2409.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2409.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2409.pdf
https://onlinelibrary.wiley.com/doi/10.1111/rda.13698
https://onlinelibrary.wiley.com/doi/10.1111/rda.13698
https://onlinelibrary.wiley.com/doi/10.1111/rda.13698
https://onlinelibrary.wiley.com/doi/10.1111/rda.13698
https://onlinelibrary.wiley.com/doi/10.1111/rda.13698
https://journals.tubitak.gov.tr/veterinary/vol27/iss6/10/
https://journals.tubitak.gov.tr/veterinary/vol27/iss6/10/
https://journals.tubitak.gov.tr/veterinary/vol27/iss6/10/
https://journals.tubitak.gov.tr/veterinary/vol27/iss6/10/

