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Effects of flushing and various doses of β-Carotene and vitamin E applications
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Abstract
The aim of this study was to determine whether fertility could be enhanced in Kıvırcık ewes during the
anoestrous period by flushing or by administering an injectable (Ovostim) containing β-Carotene and vitamin
E. Three-year-old Kıvırcık ewes (n = 99) were used. The ewes were randomly divided into four groups:
flushing, a single dose of Ovostim (5 ml/ewe) before the breeding season, a dose of Ovostim 10 days before
the breeding season and a second dose at its start, and an untreated control. Results showed that
pregnancy rate was higher in the treated groups than in the control (P <0.001). The single dose of Ovostim
produced more multiple births (72%) and the highest litter size (1.64) compared with the other treatments.
Although the double-dose of Ovostim influenced the ewes in the anoestrous period to the point of becoming
pregnant, it failed to favourably affect the number of lambs born per ewe lambing. In conclusion, flushing the
ewes or administering a single dose of Ovostim was shown to be advantageous in comparison with
untreated ewes or those given two doses of Ovostim.
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Introduction
Adequate nutrition plays a vital role in the reproductive function of animals. Supplemental feeding can
affect fertility in ruminants directly and indirectly. This effect can be attributed to regulation of the secretion of
the luteinizing hormone (LH) by the gonadotropin releasing hormone (GnRH), which is secreted from the
hypothalamus (Schillo, 1992; Robinson et al., 2006). For sheep, flushing is common practice (Cirne et al.,
2016) before and during the breeding season by providing additional energy in the form of supplemental
feed. Flushing encourages ovulation in ewes and increases rates of ovulation, survival of embryo, and
fecundity (Morley et al., 1978; Scaramuzzi et al., 2006; Sabra & Hassan, 2008). For anoestrous ewes,
flushing might be sufficient to induce ovulation and increase fertility without administering exogenous
hormones (Öziş Altınçekiç et al., 2018).
Vitamin A is an essential nutrient and its deficiency can affect reproduction negatively in males and
females (McDowell, 2000). Vitamin A does not exist as such in plants, but its antecedents, such as βCarotene (carotenoids), are available in vegetable materials (Chew, 1993). As the antecedent of vitamin A
and retinoid, β-Carotene encourages a series of physiological events that are important at cellular level with
multiple biological actions (Harrison et al., 2012; Eroglu & Harrison, 2013). The β-Carotene is turned into
vitamin A in the intestinal mucosa, liver, and other body tissues (Borel et al., 2005). One international unit
(IU) of vitamin A is equal to 0.03 μg of vitamin A or 0.6 μg of β-Carotene (Altınışık, 2021). Because βCarotene is fat soluble, its absorption is generally similar to that of fat (Deming & Erdman, 1999).
The provision of β-Carotene via an injection during sexual activity increased the observed oestrus and
oestradiol-17β concentrations (Salem et al., 2015). In addition, positive correlations were reported between
the β-Carotene level in plasma and the amounts of follicle liquid, luteal tissue, and corpus luteum weight
(Arikan & Rodway, 2001; Ayaşan & Karakozak, 2009). β-Carotene is used as the source of vitamin A in the
ovaries, affecting the tearing of the follicle membrane during ovulation and giving the corpus luteum its
characteristic bright yellow colour (Haliloglu et al., 2002). In farm animals, β-Carotene decreases the risk of
early embryonic death, which may result from stimulating progesterone release from luteal cells (Jackson et
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al., 1981; Graves-Hoagland et al., 1989). Deficiencies in β-Carotene were also reported to lead to delayed
ovulation and formation of the corpus luteum, decreased progesterone synthesis, increased follicular and
luteal cysts, and higher incidences of embryonic and foetal deaths in the first months of pregnancy (Hemken
& Bremel, 1982; Arikan & Rodway, 2000). Schams et al. (1977) stated that the time interval between the
emergence of the LH peak and ovulation is twice as long in animals with β-Carotene deficiency. Not all of the
results in the literature pertaining to the effects of β-Carotene supplementation were in agreement. Findings
observed a negative effect (Folman et al., 1987), a positive effect (Özpınar et al., 1995; Sonat et al., 2014)
and no effect on reproduction (Wang et al., 1987; Kaewlamun et al., 2011; Trojačanec et al., 2012) .
The purpose of this study was to investigate the effects of flushing, and providing β-Carotene via
injection on the reproductive performance of ewes. Secondarily, early growth of the lambs from treated ewes
was monitored.

Material and methods
Approval to carry out the study was given by the Ethics Council of Animal Experiments of Bursa
Uludag University (No 2020-08-02). The study used 99 three-year-old multiparous Kıvırcık ewes weighing
between 57 and 62 kg that were bred on the Research and Application Farm of the Faculty Agriculture of
Bursa Uludag University. This farm is located in the humid tropical lowland 100 m above sea level at
longitude 29 °E and latitude 40 °N The average minimum temperature at the farm is 10.4 °C, average
maximum temperature is 20.5 °C, and annual rainfall is 522.3 mm. This study started in August, during which
all the ewes were in the anoestrous period.
The ewes were randomly assigned to four groups. Group I (n = 25) was flushed for two weeks prior to
mating and during the first week of mating. Group II (n = 25) was injected with beta-carotene and vitamin E
(Ovostim 5 ml/head, Provet, Turkey) as a single dose two weeks before mating. Group III (n = 25) was given
two injections of Ovostim, 5 ml/ewe two weeks before mating and 5 ml/ewe on the day the rams were
introduced. Group IV (n = 24) was not subjected to either treatment, and served as the control. Ovostim is a
commercial injectable solution, which contains 15 mg of beta-carotene and 20 mg of vitamin E per ml. The
mating period lasted 35 days.
Before mating, all the ewes except for those in group I grazed the rangeland during the day and were
kept in a shelter at night. The ewes were grazed on a pasture consisting of a mixture of common vetch (Vicia
sativa L), Hungarian vetch (Vicia pannonica L), alfalfa (Medicago sativa) and sainfoin (Onobrychis sativa).
The ewes in group I were given an unlimited supply of hay and alfalfa and fed twice a day with 750
g/ewe/day of a concentrate ration (Table 1) that was prepared on the farm. The metabolizable energy
content of the supplement was calculated according to NRC (2007). The ewes were allowed to reach clean
water and licking blocks in their partitions.
Table 1 Ingredients and chemical composition of concentrate diet for Kıvırcık ewes in anoestrous
Ingredients

Content, %

Chemical composition

Barley

43.4

Dry matter, %

90.90

Corn

24.0

Organic matter, %

84.37

Sunflower meal

30.0

Crude protein, %

16.16

Limestone

1.4

Crude fat, %

2.19

Salt

1.0

Crude ash, %

6.53

0.2

Metabolic energy, kcal/kg DM

1

Mineral-vitamin premix

2688

1

ZnSO47H2O (zinc sulfate heptahydrate): 150 mg, MnSO4H2O (manganese(II) sulfate monohydrate): 80 mg, MgO
2+
(magnesium oxide): 200 mg, CoSO47H2O (cobalt sulfate heptahydrate); : 5 mg, KIO3 (potassium iodide): 1 mg, vitamin
A: 4000 IU, vitamin D: 1000 IU, vitamin E: 20 IU

Lambing occurred in January and February. To meet their increased nutrient needs in late pregnancy,
the ewes were given 300-400 g of concentrate feed per ewe in addition to ad libitum access to pasture
according to the seasonal conditions. Within the first hour of being born, the lambs were made to take
colostrum, weighed, and individually identified. Groups were formed in the data to indicate light (2.0 - 3.3 kg),
medium (3.4 - 4.7 kg), and heavy (4.8 - 6.2 kg) birth weights. The lambs were kept with their mothers for
about two weeks after birth. From the age of 2 - 3 weeks, the lambs were kept in the shelter during the day
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when their mothers went out to pasture and rejoined their mothers when they returned. The lambs were
weaned when they were about two months old. Weaning age was divided into short, medium, and long
groups of 56 - 67 days, 68 - 79 days, and 80 - 90 days, respectively.
The mating, birth and the lamb growth data were recorded regularly. These metrics were calculated
from the data: pregnancy rate, %: number of pregnant ewes / number of ewes mated × 100; lambing rate, %:
number of ewes lambing / number of pregnant ewes × 100; multiple rate, %: number of multiple lambing
ewes / number of pregnant ewes × 100; fecundity: number of lambs born / ewe mated; litter size: number of
lambs born / ewe lambing; survival rate, %: number lambs weaned / number of lambs born × 100; gestation
productivity, kg: total weight of lambs live born from each 100 mated ewes; total productivity, kg: total weight
of lambs at weaning time from each 100 mated ewes; and daily weight gain (DWG), g: weaning weight (WW)
(kg), kg - birth weight (BW) (kg) / weaning age (WA) (days).
The categorical data were analysed using a chi-square (χ²) test to determine the significance of
differences among treatments. To determine the factors affecting BW, WW and DWG an analysis of variance
was conducted using the generalized linear model procedure of Minitab 19.0 (Minitab, LLC, State College,
Pennsylvania, USA).Tukey’s multiple comparison test was used to determine which means were significantly
different. The statistical models used for the birth and weaning weights and daily weight increases were as
follows:
BW = μ + ai + bj + ck + eijkl
DWG, WW = μ + ai + bj + ck + dl + fm + eijklmn
where: μ = the mean, ai = the effect of the ith treatment, bj = the effect of the jth birth type (single vs
multiple), ck = the effect of the kth sex (male vs female), dl =the effect of the lth birth weight group, fm = the
effect of the mth weaning age group, and eijkl and eijklmn = the residual error.

Results and Discussion
Differences in the pregnancy and multiple birth rates between the treatments were significant (P
<0.01) (Table 2). Pregnancy rate of the CON group was about 30% lower than for the other three groups.
Table 2 Reproductive performance of Kıvırcık ewes treated with flushing, one dose of Ovostim and two
doses of Ovostim
Treatment groups
I

Variables

II

III

Control

N

Mean

N

Mean

N

Mean

N

Mean

Pregnancy rate, %

25

100.0

25

100.0

25

100.0

17

70.8

Lambing rate, %

25

100.0

25

100.0

25

100.0

17

100.0

Multiple birth rate, %

13

52.0

18

72.0

7

28.0

6

35.3

Fecundity

36

1.44

41

1.64

31

1.24

24

1.00

<0.05

Litter size

36

1.44

41

1.64

31

1.24

17

1.41

<0.05

Survival rate, %

21

88.8

25

Gestation productivity, kg
Total productivity, kg

100.0

23

93.5

17

70.8

588.8

656.4

525.2

411.3

3109.2

3911.2

2604.8

1633.3

P-value
0.000
<0.05
0.023

0.002

I: ewes flushed with concentrate, II: ewes administered one dose of Ovostim two weeks before the breeding season, III:
ewes administered one dose of Ovostim 2 weeks before the breeding season and a second dose when the rams were
introduced

Flushing promotes oestrus successfully in ewes. Nutritional deficiencies are known to affect
reproductive performance through irregularities in the reproductive cycle, delayed oestrus and ovulation,
decreased pregnancy rates and increased embryonic losses (Ayaşan & Karakozak, 2009). In ewes, a rise in
energy intake before the breeding season increases reproductive performance by enhancing the
concentrations of blood metabolites such as glucose to affect folliculogenesis and ovulation (Zabuli et al.,
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2010). Thus, two to three weeks before the breeding season and over its course, flushing should be used to
enhance reproductive efficiency by increasing ovulation rate and consequently birth rate (Habibizad et al.,
2015). In present study, Group 1 had a positive influence on pregnancy rate and the frequency of multiple
births. Similarly, Abu and Ella (2006), Scaramuzzi et al. (2006), and Naqvi et al. (2011) reported that the premating flushing diet promoted ovulation in many sheep breeds and increased ovulation rate, embryo viability,
and fecundity. While the pregnancy rate obtained in Group 1 was similar to the value obtained by Shahneh
et al. (2008), it was higher than the 80% observed by Köse et al. (2016) and 85% seen by Shaukat et al.
(2020). The multiple birth rate seen in Group 1 was much higher than the 12% found by Köse et al. (2016)
and the 32% seen by Mohajer et al. (2012) in earlier studies of flushing. While the fecundity value of 1.44
obtained in Group I was lower than the 1.76 and 1.50 observed by Shaukat et al. (2020), it was within the
range of values seen by Acero et al. (2008) as a result of the flushing applications at various energy levels.
The results obtained from flushing programmes might have arisen from the body condition of the ewes
(Gottardi et al., 2014), ration contents (Roche et al., 2011; Rekik et al., 2012), and the duration of flushing
(Habibizad et al., 2015).
Ovulation, oestrus interval, and corpus luteum take shape in their standard courses in animals in the
presence of β-Carotene, and reproductive issues can result from the deficiency of β-Carotene (Özpınar et
al., 1998). However, Al-Tekreeti and Torun (2020) reported that when β-Carotene was applied alone, it did
not affect reproductive performance, and that β-carotene with vitamin E and selenium was more efficient
than β-Carotene alone. Groups II and III provided different amounts of Ovostim to the ewes and resulted in a
numerical difference in the multiple birth rate, with the higher dose decreasing the frequency of multiple
births. However, there were no difference between these treatments in the pregnancy or lambing rates,
which were higher than observed in similar earlier studies (Kaçar et al., 2008; Al-Tekreeti & Torun, 2020).
The present results were in line with the findings reported by Özpınar et al. (1995) that the β-Carotene
injection applied to the ewes at intervals of 20 days increased the pregnancy rate to the first insemination,
prolificacy and twining rate. The numerically lower multiple birth rate obtained in Group III indicated that the
dose of β-Carotene could be important and might lead to very different results among studies. In this study,
ewes that received the single-dose of Ovostim were more fecund than those studied by Al-Tekreeti and
Torun (2020). Al-Tekreeti and Torun (2020) found β-Carotene alone and in combination with vitamin E and
selenium produced multiple birth rates of 55% and 77%, respectively, in Alpine goats, and 50% and 62.5% in
Saanen goats. These results could indicate that the increased reproductive performance resulted from the
vitamin E rather than the β-Carotene. Several environmental factors (feeding, duration of daylight exposure
and treatment doses, etc.) might lead to differences between studies of pregnancy rate.
To interpret the treatment effects on survival rate, it should be noted that the Ovostim product
contained vitamin E, which might decrease mortality by positively affecting growth, whereas the β-Carotene
acted as an antioxidant in stimulating immune function (Chew, 1987; Avci et al., 2000; Stephensen, 2013). In
the present study, the survival rate of lambs in Group II was the highest, but the survival rate of lambs in
Group III also exceeded that of Group 1 and Group IV. The survival rates of the lambs in the present study
were slightly higher than those reported for other sheep breeds of Turkey (Akçapinar et al., 2000; Karaoglu
et al., 2001).
In this study, although the double dose of Ovostim positively contributed to the pregnancy, the rate of
multiple births attributed to that treatment was significantly low. Whereas Folman et al. (1987) reported that
high carotene intake had a negative effect on the reproductive performance of dairy cows, other researchers
stated that β-Carotene did not have any effect on reproductive performance (Wang et al., 1987; Kaewlamun
et al., 2011; Trojačanec et al., 2012). Arikan and Rodway (2000) reported that β-Carotene in high
concentrations probably decreased the stimulation of progesterone production in the presence of LH owing
to the β-Carotene's luteolytic effect. Brozos et al. (2007) found that β-Carotene supplement did not affect the
LH concentration in the ewes. Meza-Herrera et al. (2013) determined that although the β-Carotene
supplement decreased the LH concentration in goats, it increased the follicular growth and the ovulation rate.
Thus, the possibility of a stimulating effect of β-Carotene on ovarian function that takes place via an LHindependent mechanism needs to be considered. Lopez-Flores et al. (2020) explained that β-Carotene not
only affected the ovulation rate and the ovarian modulator function measured as an antral follicular number,
but it had a role as the modifier of LH release. Therefore, the dose of Ovostim administered two weeks
before the mating period apparently stimulated the hormonal regulation in the desired direction. However, it
is likely that the second dose applied during the mating season affected the number of ovulations by
markedly altering the release of LH, and thus affected multiple birth rates negatively. Additional studies are
needed to reveal the relationships between β-Carotene and vitamin A in the blood and reproductive hormone
levels.
The treatments had no significant effects on BW, DWG, or WW (Table 3). However, Groups II and 1
increased the BW, WW, and DWG relative Group IV. Bodyweight in the present study was higher than that
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reported by Acero et al. (2008), most likely as a result of better nutrition. As is commonly known, single-born
lambs were significantly heavier than twins (P <0.05), but male and female lambs did not differ in their
growth. The effects of BW groups were significant for WW (P <0.01) and DWG (P <0.05) with lambs that
were heavier at birth growing faster to weaning. Naturally, the lambs that were older at weaning were
heavier.
Table 3 Least squares means for factors affecting growth characteristics in Kıvırcık lambs and their levels
Birth weight, kg
N

Mean

I

36

II
III
Control

Weaning weight, kg

Weight gain, g/d

N

Mean
ns

ns

4.15 ± 0.13

32

22.8 ± 0.84

260.8 ± 11.1

41

4.18 ± 0.12

41

23.1 ± 0.81

261.2 ± 10.8

31

4.22 ± 0.13

29

21.3 ± 0.90

235.7 ± 12.0

24

4.10 ± 0.15

17

21.7 ± 1.20

242.8 ± 15.9

ns

ns

Female

60

4.06 ± 0.10

53

21.6 ± 0.77

242.1 ± 10.2

Male

72

4.27 ± 0.09

66

22.9 ± 0.67

258.1 ± 8.9

ns

ns

Treatment groups

ns

Lamb sex

ns

**

Birth type
Single

47

4.43 ± 0.11

a

Multiple

85

3.90 ± 0.08

b

40

22.8 ± 0.78

256.2 ± 10.4

79

21.6 ± 0.74

244.1 ± 9.8

**

*

Birth weight group
Light

16

Medium

77

Heavy

Mean

26

19.5 ± 1.18

b

232.0 ± 15.7

21.9 ± 0.57

b

244.2 ± 7.6

b

25.3 ± 0.93

a

274.1 ± 12.4

**

Weaning age

b

a

ns

Short

15

18.7 ± 1.23

b

Medium

49

22.7 ± 0.71

a

256.7 ± 9.4

55

25.3 ± 0.68

a

252.4 ± 9.1

119

22.2 ± 0.58

Long
General

132

4.2 ± 0.07

241.3 ± 16.3

250.1 ± 7.82

I: ewes flushed with concentrate, II: ewes administered one dose of Ovostim two weeks before the breeding season, III:
ewes administered one dose of Ovostim two weeks before the breeding season and a second dose when the rams were
introduced
*P <0.05; **P <0.01; ns: P >0.05

Conclusion
Flushing or providing extra β-Carotene and vitamin E via the Ovostim injectable could produce a
significant improvement in the reproductive performance of anoestrous Kıvırcık ewes. However, a double
dose of the Ovostim injectable did not provide sufficient advantage to offset the associated extra cost and
labour required. Future studies evaluating the effects of various β-Carotene levels on reproductive
performance should consider the association of β-Carotene and circulating levels of vitamin A as they affect
reproductive hormone levels. In addition, since the β-Carotene concentration in animal tissues can be
affected by the season, similar studies in different seasons might provide more meaningful results.
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