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Effects of Vitamin A, D3, E and Selenium
Supplementation on Reproductive
Performance in Lactating Kilis Goats
Applied with Estrus Synchronization
During the Breeding Season

Abstract

This study investigated the effects of supplementation with vitamins A, D3, E,
and selenium (Se) on fertility parameters in Kilis goats during the breeding
season, in addition to a synchronization protocol. A total of 70 Kilis goats were
randomly divided into vit-min (n = 35) and control (n = 35) groups. All goats
received a vaginal sponge containing 20 mg of flugestone acetate for 9 days. On
the day the sponge was inserted, the vit-min group received intramuscular
injections of 200,000 IU of vitamin A, 30,000 IU of vitamin D3, 20 mg of vitamin
E, 1 mg of sodium selenate, and an additional 60 mg of vitamin E, while the
control group received no supplements. On the day the sponges were removed,
both groups received 500 1U of eCG and 250 pg of cloprostenol, and the vit-min
group also received a second injection containing vitamins A, D3, and E. Estrus
monitoring was performed by introducing bucks to the flock twice daily, 24-72
hours after the removal of sponges. Pregnancy diagnosis was made by
transabdominal ultrasonography on the 50th day after mating, and litter size
was determined at kidding. Estrus rates were found to be 100% in both groups
(P>0.05). Although the pregnancy rate was numerically higher in the vit-min
group (68.57%) compared to the control group (48.57%), there was no
statistically significant difference (P>0.05). Similarly, although litter size was
higher in the vit-min group, it was not statistically significant (P>0.05). In
contrast, the fecundity rate was significantly higher in the vit-min group
(154.28%) compared to the control group (91.42%) (P<0.05). No difference
was found between the groups in terms of multiple pregnancy rates (P>0.05).
In conclusion, adding vitamin-mineral supplementation to the synchronization
protocol improved reproductive performance in lactating Kilis goats by
increasing fecundity. This approach is considered applicable and potentially
economically advantageous in pasture-based systems. However,
comprehensive studies with larger sample sizes are needed to more clearly
demonstrate its effectiveness.

Keywords: Breeding season, fertility parameters, goat, mineral,
vitamin
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Ureme Sezonunda Ostriis Senkronizasyonu
Uygulanan Laktasyondaki Kilis Kecilerinde
Vitamin A, D3, E ve Selenyum Takviyesinin Ureme
Performansi Uzerine Etkileri
0z

Bu calismada, lireme sezonu boyunca Kilis kegilerinde senkronizasyon
protokoliine ek olarak A, D3, E vitaminleri ve selenyum (Se) uygulamasinin
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fertilite parametreleri tizerindeki etkileri arastirilmistir. Toplam 70 Kilis kecisi rastgele vit-min (n = 35) ve kontrol (n =
35) gruplarina ayrilmistir. Tim kecilere 9 giin siireyle 20 mg flugeston asetat iceren vajinal siinger uygulanmistir.
Siinger yerlestirildigi giin, vit-min grubuna intramiiskiiler olarak 200.000 IU A vitamini, 30.000 IU D3 vitamini, 20 mg
E vitamini, 1 mg sodyum selenit ve ilave 60 mg E vitamini uygulanirken, Kontrol grubuna herhangi bir takviye
yapilmamuistir. Stingerlerin ¢ikarildig: giin, her iki gruba 500 IU eCG ve 250 pg kloprostenol uygulanmis, vit-min grubuna
ayrica A, D3 ve E vitaminlerini iceren ikinci bir enjeksiyon yapilmustir. Ostriis takibi, siingerlerin ¢ikarilmasindan 24-72
saat sonra tekelerin giinde iki kez siiriiye katilmasiyla gerceklestirilmistir. Gebelik tanisi, asimdan sonraki 50. giinde
transabdominal ultrasonografi ile yapilmis, yavru sayist dogumda belirlenmistir. Ostriis oranlar1 her iki grupta da %100
olarak tespit edilmistir (P>0.05). Gebelik orani vit-min grubunda (%68.57), kontrol grubuna (%48.57) kiyasla sayisal
olarak daha yiiksek olsa da istatistiksel fark bulunmamistir (P>0.05). Benzer sekilde, yavru verimi vit-min grubunda
daha yiiksek olmasina ragmen anlamli bulunmamistir (P>0.05). Buna karsin fekondite orani vit-min grubunda
(%154.28), kontrol grubuna (%91.42) gore anlamli derecede yiiksek bulunmustur (P<0.05). Cogul gebelik oranlari
acisindan gruplar arasinda fark saptanmamistir (P>0.05). Sonug olarak, senkronizasyon protokoliine vitamin-mineral
takviyesinin eklenmesi, laktasyondaki Kilis kecilerinde fekonditeyi artirarak iireme performansini iyilestirmistir. Bu
yaklasimin mera bazl sistemlerde uygulanabilir ve ekonomik acidan avantajli olabilecegi diisiiniilmektedir. Ancak,
etkisini daha net bir sekilde ortaya koymak icin daha biiyiik 6rneklem biiyiikliklerine sahip kapsaml calismalara
ihtiyag vardir.

Anahtar kelimeler: Ureme mevsimi, fertilite parametreleri, keci, mineral, vitamin
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Introduction

The growing global population and changing dietary habits are steadily increasing the demand
for animal protein sources. In particular, the sustainable production of essential protein sources such
as meat and milk is of strategic importance not only for food supply security but also for rural
development and socio-economic stability (Ronda-Borzone et al, 2022). In this context, small
ruminant farming stands out due to its low input costs, adaptability to extensive pasturelands, and
high resilience to climate change. Goats, in particular, have become an important component of the
global livestock sector thanks to their ability to maintain productive performance even in arid and
rugged terrains (Lohani and Bhandari, 2021).

Tiirkiye, with its rich genetic diversity, diverse climate zones, and extensive pasture areas, is
among the advantageous countries for goat breeding (Semerci and Celik, 2016). As of 2024, the goat
population in Tiirkiye reached approximately 10.8 million head (TUIK, 2024). Within this population,
the Kilis goat, a breed native to the Southeastern Anatolia Region, stands out with its milk yield
reaching 300-500 liters per lactation and its high adaptability to adverse environmental conditions.
Today, the Kilis goat, a significant source of income for small and medium-sized family businesses,
makes significant contributions to the rural economy (Keskin et al, 2019). In recent years,
environmental stress factors such as increasing temperatures, decreasing rainfall, and drought due to
global warming have negatively affected goat breeding. In particular, deterioration of pasture quality
and reduction of forage resources negatively affect the nutritional status of animals, leading to
decreases in milk and fertility (Ronda-Borzone et al., 2022). Therefore, protecting and increasing the
populations of native breeds with high milk yield, such as the Kilis goat, which has a high adaptability
to adverse environmental conditions, is becoming increasingly important, especially in order to ensure
the sustainable production of goat milk (Darcan and Silanikove, 2018; Keskin et al., 2019).

Goats are seasonally polyestrous species; sexual activity generally begins in August-September,
when the days begin to shorten, and continues until the end of the year (Habeeb and Kutzler, 2021).
The breeding season lasts an average of 3-4 months, varying depending on geography, climate, and
breed. Distributed matings throughout the breeding season result in kidding spread out over a longer
period of time, making flock management challenging. Therefore, estrous synchronization protocols
are implemented to consolidate kidding into a short period during the breeding season. Combinations
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of progestogens, gonadotropins, and prostaglandin analogs are generally preferred in estrous
synchronization protocols to control estrus and ovulation (Hashemi and Safdarian, 2018; Habeeb and
Kutzler, 2021). In addition, it is recommended to include vitamin and mineral supplements in
protocols in order to increase protocol effectiveness and improve reproductive performance (Ozar et
al,, 2022; Efe et al., 2023; Syaiful et al.,, 2024).

The positive effects of vitamins A, D3, E, and Se on processes such as ovarian function,
folliculogenesis, oocyte quality, embryo development, and steroid hormone synthesis are well known
(Pasquariello et al., 2022; Swelum et al,, 2022). Vitamin A deficiency can cause the formation of
follicular and luteal cysts (Ahmed et al., 2024), inadequate corpus luteum development, and embryonic
losses (Pasquariello et al., 2022), while vitamin D deficiency is associated with subestrus and fetal
developmental disorders (Stenhouse et al., 2022). Vitamin E and Se have been reported to positively
affect oocyte quality, fertilization rate, and embryo development by reducing oxidative stress. It has
also been reported that vitamin E and selenium have a synergistic effect, limiting cellular damage that
may occur during synchronization and improving reproductive performance (Swelum et al., 2022).

Because goats are primarily grazed on pastures and stubble and their rations contain limited
amounts of concentrated feed, they are highly susceptible to vitamin and mineral deficiencies. Indeed,
pastures and grain stubbles in the Mediterranean and Southeastern Anatolia regions have been
reported to be deficient in vitamins A, E, and Se during the summer and autumn months, coinciding
with the breeding season for goats (Efe et al., 2023). The reduced trace element content of natural
forage sources during this period fails to meet the physiological needs of goats and can negatively
impact reproductive performance. In this context, it is anticipated that adding vitamins A, D3, and E, as
well as Se supplementation to the estrus synchronization protocol implemented in Kilis goats, which
are fed exclusively pasture-based diets during the breeding season, may improve reproductive
performance by reducing the negative effects of environmental stress conditions.

The aim of this study, carried out in the light of available literature data, was to determine the
effects of estrus synchronization protocol plus vitamin A, D3, E and Se administration on reproductive
parameters in lactating Kilis goats fed only natural grass and cereal stubble during the breeding
season.

Materials and Methods
Location of the Study

The experiment was carried out in Akkerpi¢ neighborhood of Kumlu district of Hatay province,
located in the Southeastern Anatolia Region (36° 21’ 47" N, 36° 27’ 14" E and altitude: 97 m) during
the breeding season (August 2024-January 2025).

Animals and Management

A total of 70 Kilis goats, clinically healthy, 2-6 years old, with an average live weight of 45-60 kg
and fed entirely on pasture, were used in the study. All goats included in the study were allowed to
graze on natural pastures near the village for a total of 10 hours, from 06:00 to 10:00 in the morning
and from 14:00 to 20:00 in the afternoon. Between grazing periods, all goats (n=70) were brought to
semi-open pens with soil floors and were hand-milked once a day. No additional concentrates or
roughage were provided outside of the pasture, but they were given access to water ad libitum for 24
hours. No flushing was applied to goats or bucks before mating.

Experimental Design

The goats in the study (n=70) were randomly divided into two groups: vit-min group (n = 35)
and control group (n = 35). Commercial sponges (Chronogest CR®, Intervet, Tiirkiye) containing 20 mg
flugesterone acetate (FGA) were administered intravaginally to all goats for 9 days. On the day of
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intravaginal sponge insertion, the vit-min group received 1 mL/goat Se and vitamin E (1 mg/mL
sodium selenite and 60 mg/ml vitamin E, Yelvit®, Teknovet, Tilrkiye) and 1 mL/50 kg vitamin AD3E
(200.000 IU/mL vitamin A, 30.000 IU/mL vitamin D3, and 20 mg/mL vitamin E, Adevil®, Vilsan,
Tiirkiye) intramuscularly. The control group did not receive any vitamin or mineral administration. On
the day the sponges were removed, all goats received an intramuscular injection of 500 IU eCG
(Chronogest/PMSG®, Intervet, Tiirkiye) and 250 pg cloprostenol sodium (Minoprost®, Vilsan,
Tiirkiye). Additionally, the vit-min group received a second injection of vitamin AD3E at a dose of 1
mL/50 kg on the same day (Figure 1).

Estrus/mating monitoring was performed by introducing fertile Kilis bucks into the flock at a
7:1 ratio twice daily (08:00-09:00 and 20:00-21:00) from 24 hours until 72 hours after sponge
removal. Goats detected to be mounding were marked and moved to a different pen.

» Vit-Min Group ~# Vit-Min Group
#"  (AD;E + Se) # (AD;E)
 Control Group ¥ Control Group
# (Saline Solution) 4" (Saline Solution)
7 PGF.a+eCG )
L4
ha Y &
Intravaginal FGA Sponge Mating Pregnancy
(9 days) Examination
Insertion Removal Day 0 Day 50

Figure 1. Schematic view of the synchronization protocol and experimental procedures applied to goats in the Vit-
Min and control groups. For oestrus synchronization, a 20 mg fluorogestone acetate (FGA) intravaginal sponge was
inserted for 9 days, followed at sponge removal by intramuscular administration of 500 IU eCG and 250 ug cloprostenol
(PGF;a). In the vit-min group, selenium+vitamin ADsE were administered intramuscularly on sponge insertion day, with a
second vitamin ADsE dose given on sponge removal day. The control group received no vitamin-mineral injection.
Pregnancy diagnosis was performed by ultrasonography on Day 50.

Pregnancy Diagnoses

Pregnancies were determined by ultrasonographic examination on day 50 after mating (Figure
1). Pregnancy examinations were performed transabdominally using a real-time B-Mode
ultrasonography (Hasvet® 838, Tiirkiye) device with a linear rectal probe (L50/7.5 MHz). After the
gestational sac was identified during the uterine examination, pregnancy was determined based on
the visualization of the embryo/fetus, foetal membranes, fluids, heartbeat, and placentomes. After
parturition, offspring productivity and multiple pregnancy rates were determined.

Determination of Fertility Parameters

The fertility parameters of goats were calculated using the formulas provided below.

Estrus rate (%) = Number of goats in estrus / Total number of goats x 100

Pregnancy rate (%) = Number of pregnant goats / Total number of goats x 100
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Single rate (%) = Number of goats kidding single / Number of goats kidding x 100
Twinning rate (%) = Number of goats kidding twins / Number of goats kidding x 100
Triplet birth rate (%) = Number of goats kidding triplets / Number of goats kidding x 100
Litter size = Number of kids born / Number of goats kidding

Fecundity rate (%) = Number of kids born / Total number of goats x 100

Statistical Analysis

Categorical fertility variables were summarised as “Percentage-Frequency”, and between-group
differences (except litter size) were assessed with Pearson’s chi-square test. Litter size (quantitative
variable) was compared between the two groups using the independent-samples t-test. The
assumptions of normality and homogeneity of variances were tested using the Kolmogorov-Smirnov
and Levene’s tests, respectively. Statistical significance was set at P<0.05. All analyses were performed
using Stata/MP 12 (4-core) for Windows (StataCorp LLC, College Station, TX, USA).

Results

Fertility parameters of the control and treatment groups are summarized in Table 1. Estrus rates
were 100% in both groups (P>0.05). Although the pregnancy rate in the vit-min group (68.57%) was
numerically higher than in the control group (48.57%), the difference was not statistically significant
(P=0.145). Similarly, although the litter size in the vit-min group (2.25) was higher than in the control
group (1.88), this difference was also not statistically significant (P=0.116). No significant difference
was found between the multiple pregnancy rates (P>0.05). However, the fecundity rate was
significantly higher in the vit-min group (154.28%) than in the control group (91.42%) (P=0.029).

Table 1. Comparison of fertility parameters between goat supplemented with vitamin ADzE and Se (vit-
min) and the control group.

Fertility parameters Groups P - value
Control (n=35) Vit-Min (n=35)

Estrus (%) 100.0(35/35) 100.0 (35/35) -
Pregnancy (%) 48.57 (17/35) 68.57 (24/35) 0.145
Single (%) 35.29 (6/17) 12.50 (3/24) 0.128
Twinning (%) 41.17 (7/17) 50.00 (12/24) 0.752
Triplet (%) 23.52 (4/17) 37.50 (9/24) 0.499
Litter size 1.88 (32/17) 2.25(54/24) 0.116
Fecundity (%) 91.42 (32/35) 154.28 (54/35) 0.029*

Discussion and Conclusion

The present study investigated the effects of adding vitamin A, D3, E, and Se supplements to the
intravaginal progesterone-based estrus synchronization protocol on reproductive performance in
lactating Kilis goats during the breeding season.

The data obtained showed that all goats in both groups exhibited estrus after the
synchronization protocol (Table 1). This finding indicates that Kilis goats responded quite well to the
synchronization protocol despite adverse environmental conditions such as lactation and feeding on
cereal stubble and suggests that estrus rates are not the main determining factor in fertility losses
observed after synchronization. When compared with previous reports, the present data were
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generally consistent with the literature. Indeed, estrus rates obtained after progestogen-containing
intravaginal sponge-based synchronization applications during the breeding season have been
reported to range from 73.7% to 100% (Amarantidis et al., 2004; Holtz et al., 2008; Kilboz and Karaca,
2010; Acar et al,, 2013). However, the higher rates achieved in our study than those reported in some
studies were thought to be due to the genetic and physiological structure of the animal material and
the variables in the synchronization protocol.

When pregnancy rates were examined, although proportionally higher values were obtained in
goats supplemented with vitamin-mineral supplements (Group vit-min) compared to the control, no
statistically significant difference was found (P>0.05; Table 1). It is stated that pregnancy rates
reported in goats in the literature vary between 50% and 80%, and that this rate is affected by the
synchronization protocol applied, animal material used, feeding and management conditions, and
environmental factors (Holtz et al., 2008; Sen and Onder, 2016; Hashemi and Safdarian, 2018). The fact
that the pregnancy rates in our study are compatible with this range indicates the effectiveness of the
applied protocol. When compared with the results reported in similar reports, the data obtained in our
study are largely parallel. Similar to our findings, Sonmez et al. (2009) reported that vitamin E injection
administered during the pre-ovulation period in goats did not statistically change pregnancy rates but
increased multiple kidding and litter size by reducing oxidative stress levels. Conversely, El-Moghazy
et al. (2025) reported that vitamin and mineral supplementation increased pregnancy and multiple
birth rates in goats, with this effect becoming more pronounced, particularly with higher doses and
nano-selenium applications.

It has been reported that during estrus induced by synchronization methods, free radical levels
such as peroxides and hydroperoxides in the preovulatory follicle fluid increase, which can have
negative effects on oocyte quality, ovulation, fertilization rate, corpus luteum progesterone
production, and embryo quality (Miyamoto et al., 2010). Eski et al. (2021) conducted studies in goats
using intravaginal sponges with different protocols, demonstrating that estrus synchronization
increases oxidative stress, which negatively affects fertility parameters. Similarly, other researchers
(Sonmez et al., 2009; Kuru et al., 2016; Martinez-Ros et al., 2018; Farahavar et al.,, 2020) reported that
the application of devices such as intravaginal sponges and CIDRs increases oxidative stress, and high
levels of free radicals during estrus can negatively affect ovulation, oocyte quality, and progesterone
production.

Giorgio et al. (2020) stated that maintaining the redox balance by clearing the increased oxidant
load after synchronization practices is only possible with sufficient antioxidant presence in the body.
Therefore, it has been stated that supplementing animals with antioxidants during estrus
synchronization practices may be beneficial (Farahavar et al., 2020; Soto-Heras and Paramio, 2020;
Fernando et al,, 2024). In this context, although our findings are biologically consistent with studies
reporting that vitamin E and Se supplements can increase pregnancy rates (Musa et al.,, 2018; Kaya et
al,, 2023; El-Moghazy et al., 2025), the lack of statistical significance may be due to variables in field
conditions and limited sample size.

In terms of multiple pregnancy rates, vitamin-mineral supplemented ewes (87.5%) were
numerically superior to controls (64.7%) (Table 1). Although this difference was not statistically
significant, it is biologically significant. It has been reported in the literature that vitamins A and D3
may increase multiple pregnancy rates by supporting folliculogenesis, steroidogenesis, and embryo
implantation (Shahrokhi et al., 2016; Kaya and Kogak, 2022). Vitamin A has been reported to enhance
the development of dominant follicles and progesterone synthesis, making embryo development and
the uterine environment conducive to multiple pregnancy, while vitamin D facilitates follicle
maturation and embryo implantation by regulating steroid hormone production in the ovary and
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placenta (Pu et al., 2014; Shahrokhi et al,, 2016). The increase observed in our findings is consistent
with these mechanisms. It has also been reported that vitamin E and Se may facilitate embryo
implantation and minimize embryonic losses by reducing oxidative stress (Sonmez et al., 2009;
Awawdeh et al,, 2019). Abdelrahman and Al-Karablieh (2002) found that multiple pregnancy rates
increased in ewes treated with vitamin A, D3 and E. Similarly, Birdane and Avdatek (2020) reported
that a similar treatment increased litter size.

The most striking and statistically significant finding of our study is the increase in fecundity
rates. While fecundity was 154.28% in the vitamin-mineral supplemented group, it was determined as
91.42% in the control group, and this difference was found to be statistically significant (P=0.029).
Fecundity rates in ewes and goats are reported to range between 95% and 165% in the literature (Sen
and Onder, 2016; Hashemi and Safdarian, 2018). These values are consistent with previous studies
showing that powerful antioxidants such as vitamin E and Se maintain redox balance by reducing free
radical levels, supporting luteal function and embryo viability (Soto-Heras and Paramio, 2020;
Fernando et al.,, 2024). Indeed, Sonmez et al. (2009) reported that intravaginal sponge application in
goats increased MDA levels, while vitamin E injections suppressed free radical production, increasing
fecundity and the number of offspring per litter. Similarly, Kaya et al. (2023) reported a significant
increase in fecundity in ewes treated with a vitamin E-mineral combination, while Musa et al. (2018)
reported that vitamin E and Se injections maximized fecundity.

The numerical increase in multiple pregnancy rates achieved in the treatment group in our study
is thought to have played a significant role in this effect. This increase in multiple pregnancy rates was
directly reflected in fecundity values and is consistent with studies in the literature reporting that
vitamin-mineral supplements can increase multiple kidding rates (Shahrokhi et al., 2016; Kaya and
Kocak, 2022). Therefore, vitamin-mineral supplementation is thought to increase fecundity by both
preserving embryo viability and increasing the rate of multiple pregnancies.

In lactating Kilis goats during the breeding season, intravaginal vitamin E and Se administered
at the beginning of a progesterone-based synchronization protocol, along with double doses of vitamin
A, D3, and E administered at the beginning of the synchronization protocol and on the day of sponge
removal, have been shown to have positive effects on reproductive performance. This approach
demonstrates its potential to support reproductive performance and increase fecundity. Furthermore,
supplementation with vitamins A, D3, and E, as well as Se, administered in addition to the
synchronization protocol, resulted in higher fecundity rates compared to the control group, offsetting
the implementation costs and making their practical use economically justifiable.

In conclusion, adding vitamin-mineral supplements to the synchronization protocol is
considered a feasible and beneficial method for improving reproductive efficiency in lactating Kilis
goats fed entirely on pasture. However, further studies in different production systems and with larger
sample sizes are needed to further validate the findings.
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