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Abstract
Hesperidin is an exogenous antioxidant obtained from citrus fruits. Recent studies have demonstrated its
therapeutic and biological properties in ameliorating oxidative stress through scavenging for free radical
species. The study was aimed at evaluating the effect of hesperidin on oestrus synchronisation and
fertility parameters in thermally stressed Yankasa ewes. The study was carried out during the dry and hot
seasons of the year in Vom, Plateau State, Nigeria. Forty-six (46) maiden Yankasa ewes with average
body condition score of 2.5 and aged between 5–8 months, weighed between 15–20 kg were randomly
allocated into two groups of twenty-seven ewes each. Group A served as the treatment group, which were
given oral hesperidin supplement (200 mg/kg body weight) on a weekly basis throughout the experiment.
Group B severed as the control animals, which received 10 mL of mix dimethyl sulphate and normal
saline throughout the study. Three rams aged 18 months to 2 years, weighing between 35–40kg were
used as teaser and breeding rams. The time of onset of oestrus, oestrus duration, oestrus response rate,
control internal drug release retention rate, pregnancy and lambing rates, fecundity, gestational length,
lambing weight and postpartum oestrus interval were evaluated. The results obtained showed that
hesperidin had significant (P < 0.05) effects on the CIDR retention (95 7.10% and 75.0 ± 7.1%), oestrus
response rate (ORR) (80.00 ± 14.1% and 65.0 ± 7.1%), onset of oestrus (2.8 ± 1.0 and 6.0 ± 1.4 days),
duration of oestrus (30.5 ± 2.1 and 25.6 ± 2.4 hours), pregnancy rate (85% and 75%), lambing rate (95%
and 80%), lambing weight (2.52 ± 0.69 kg and 2.24 ± 0.73), postpartum oestrus interval (37.88 ± 1.13 and
39.33 ± 0.67 days), and gestation length (149.38 ± 1.39 and 151.4 ± 1.14 days) for the treatment and
control groups respectively. The present study demonstrated that hesperidin administration increased
significantly (P < 0.05) the TOO, ORR, OD, CIDR retention, lambing weight, pregnancy and lambing rates in
thermally stressed Yankasa ewes.

Introduction
Sheep production is an important component of Nigerian livestock industry and an agro-preneurial
venture that promises high return on investment (Akubuo et al., 2020). Sheep supplies mutton, milk, wool,
skin and other products, and also serve as flexible financial reserves as they are sold when needed by
smallholder farmers and during migratory practices by Fulani nomads (Sa’Ayinzat, 2021). It also plays
other socio-cultural roles in the customs and traditions of Nigerian societies (Lawal-Adebowale, 2012).
Yankasa breed of sheep are commonly kept by small holder farmers and Fulani herders due to their hardy
nature, resilience and productivity (Stenning, 1957; Ducrotoy et al., 2018). The other breeds raised include
Ouda, Balami and West African Dwarf (Sa’Ayinzat, 2021). Unfortunately, the reproductive performance of
these breeds has been generally poor due to the harsh and severe tropical environment, nutritional stress
due to scarcity of feed especially during the dry season, disease burdens and other thermal stress
conditions, resulting in oxidative stress, which undermines their reproductive performance (Sa’ayinzat et
al., 2021a). Although, efforts have been made to improve their reproductive performance through
improvement of genetic materials to boost their reproductive efficiency and profitability (Kiplagat et al.,
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2012; Pohler et al., 2016), the successes of these trials have been limited to research institutes in Nigeria
(Matemilola and Elegbede, 2017).

In order to minimize some of the constraints and improve conception rates, oestrus synchronisation
evolved to enhance induction of oestrus and its detection in ruminants and other animal species (Oke-
Egbodo et al., 2018; Yu et al., 2018; Pal and Dar, 2020; Skliarov et al., 2021; Yu et al., 2022). Oestrus
synchronisation is a management tool for the manipulation of oestrus to maximise reproductive
efficiency (Musa-Azara et al., 2011; da Silva et al., 2020). Different methods of oestrus synchronisation
have been extensively discussed and includes progesterone based protocols, gonadotropin releasing
hormone (GnRH)/pregnant mare serum gonadotropin (PMSG) based protocol, use of prostaglandin F2α,
and use of combination-based protocols and the male effect (introduction or presence of the ram)
(Macmillan and Burke, 1996; Wildeus, 2000; Naderipour, 2011; Xu, 2011; Omontese et al., 2014; Omontese
et al., 2016; Yu et al., 2018; da Silva et al., 2020; Pal and Dar, 2020; Skliarov et al., 2021). The techniques
include protocols aimed at manipulating the follicular phase by allowing the follicle stimulating hormone
(FSH) and luteinising hormone (LH) to maximise their effects and cause follicular maturation and
ovulation; or altering the luteal lifespan by prolongation of progesterone and/or lysing of the corpus
luteum through the use of prostaglandin F2α to shorten the luteal phase, and thus, remove the
progesterone blockade and enable early ovulation (Xu, 2011; Hashemi and Safdarian, 2017; Oke-Egbodo
et al., 2018; Pal and Dar, 2020). Despite the use of different oestrus synchronisation methods, thermal
stress still limits reproductive performance due to excess generation of free radical species in the body,
and thus, disrupting the redox reaction and when in excess, they generate pathological conditions that
affect the overall animal performance and therefore reduced fertility, profitability and results in economic
loss (Celi et al., 2014; Abubakar et al., 2018; Celik et al., 2021; Sa’ayinzat et al., 2021a).

The use of exogenous antioxidants has been employed in order to stem the excess generation of free
radical species in animals and thus, improve their reproductive performance (Sa’Ayinzat et al., 2021b).
Hesperidin as an exogenous antioxidant obtained mainly from citrus fruits, have demonstrable biologic
and therapeutic properties such as scavenging for free radical species, anti-inflammatory properties,
antimicrobial and antiviral properties (Sa’ayinzat et al., 2021b). Through its scavenging properties,
hesperidin ameliorates oxidative stress due to severe environmental conditions, and thus, may improve
reproductive performance. Hence, the current study investigated the use of hesperidin as a potent
exogenous antioxidant aimed at improving oestrus synchronisation and fertility in thermally stressed
Yankasa ewes.

Materials And Methods
Study Location

The experiment was carried out in the Livestock Investigation Department (LID) of the National Veterinary
Research Institute (NVRI), Vom, Nigeria between September 2016 - January 2017. LID is located on the
Jos Plateau, which is situated between latitude 9o44ʹ North of the equator and longitude 8o47ʹ East,
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with an altitude of about 1,285 metres above the sea level. It has an average relative humidity of 55%
(Ntem, 2015). The average monthly ambient temperature ranges from 17oC to 29oC, from November to
February, the average night time temperatures drop as low as 10oC resulting in chilly nights during the
cold harmattan season and a temperature-humidity-index range of 14 – 25. It receives an average annual
rainfall of 1300 mm, with July to September being the months with the highest rainfall. The average
rainfall during the months of October to March is 13.3 mm (Ntem, 2015). 

Meteorological Data

Daily temperature readings were taken using wet and dry bulb thermometer (Brannan, England)
throughout the duration of the experiment. The data obtained was complemented with that provided by
Nigeria Meteorological Agency. The data were analysed and classified based on the modification of
Marai et al. (2007) and Papanastasiou et al. (2015) to demonstrate the impact of thermal environmental
stressors on ewes.

Ethical Approval

The use of animals was approved by the Animal Use and Care Committee of the National Veterinary
Research Institute, Vom, Plateau State, Nigeria, with the number AEC/02/36/17. 

Animal Sourcing and Groupings

Forty-six (46) cycling maiden Yankasa ewes weighed between 15 – 20 kg, aged 5 – 8 months and three
rams aged 18 months to 2 years weighed between 35 - 40kg were sourced from Tilde Fulani market in
Bauchi state, Nigeria and were used for the study. The animals were kept for a period of four weeks to get
acclimatized, in a stone-built dwarf-walled fence and was roofed with corrugated roofing sheet in a well-
ventilated house. Concentrates containing 2500 mKcal and 15% crude protein compounded by the
Institute’s (NVRI) Feedmill and mix of maize offal, sorghum waste and silage were provided as
supplementary feed during the dry season (Appendix Table 1). Clean drinking water was provided ad
libitum. 

Screening of Experimental Animals

The animals were kept for a stabilisation period of four weeks during which the animals were screened
and treated for ecto-, endo- and haemo-parasites. They were treated with ivermectin 1% (Ivomec® -
Boehringer Ingelheim Animal Health USA Inc.), given subcutaneously at a dose of 1 mL/50 kg body
weight; albendazole (Kepro BV Holland); given orally at the dose of 0.8 ml/kg, diminazen diaceturate
(Animal Care®) at dose of 5 mg/kg body weight by deep intramuscular route and oxytetracycline (Kepro
B VR Holland) at the rate of 20 mg/kg by deep intramuscular injection. Physical evaluation of the
reproductive system of the rams was also undertaken. 

Source and Constitution of Hesperidin
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Three kilograms of high-grade commercial hesperidin powder (98.5% purity) was obtained from ANIMED,
Connecticut, USA and was used for the experiment. The powder was dissolved in 30 mL dimethyl
sulphoxide (DMSO) (Honywell Riedel-de Haen, Germany, 99.5% purity). The solution obtained was diluted
five times with normal saline to a final concentration of 200 mg/ml. 

Experimental Groupings and Treatment Regime

The ewes were weighed and assigned into two groups of 27 ewes each. Group A served as the treatment
group, while group B served as the control group. The treatment group was administered constituted
hesperidin orally based on body weight once weekly throughout the duration of the experiment spanning
over 6 oestrous cycles. The ewes in the control group ewes were administered 10 mL of a mix of DMSO
and normal saline on weekly basis throughout the duration of the experiment spanning over 6 oestrous
cycles. Both groups were administered EAZI-Breed control internal drug release (CIDR) containing 300 mg
of impregnated progesterone during the 1st (baseline stage of the study) and during 2nd and 3rd
oestrous cycles. The CIDR are T-shaped devices with a silicone-coated nylon core with the silicone
coating impregnated with progesterone and were inserted intra-vaginally using a specialized applicator.
After withdrawal of CIDR on the 11th day and the immediate deep intramuscular injection of 1mL of
lutylase (20%) (dinoprost tromethamine, Zoetis Inc, Spain) the ewes were monitored for oestrus (heat).
During the 4th and 5th oestrous cycles, the ewes in the treatment group were given constituted hesperidin
orally on weekly basis while the control group received DMSO and normal saline (Table I). During the 6th
oestrous cycle, the ewes were allowed to come into heat naturally without any treatment in both groups
(Table 1). 

Table 1: Treatment Regime

Oestrous Cycle Treatment Group Remarks Control Group Remarks

1st (baseline) CIDR + lutylase CIDR + lutylase

     

2nd CIDR + lutylase + hesperidin CIDR + lutylase + DMSO + NS

3rd

     

4th Hesperidin given to treatment group  DMSO + NS

5th

     

6th no CIDR, no lutylase, and no hesperidin no CIDR, no lutylase, and no hesperidin

Oestrus Detection
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Apronated rams were used to detect ewes on oestrus throughout the oestrus cycle studies. Ewes standing
to be mounted was considered as the hallmark indicating oestrus. The oestrus detection was carried out
daily after withdrawal of CIDR and deep intramuscular injection of lutylase between 6 – 11.00 a.m. and
between 2 – 6.00 p.m. Ewes that showed visible standing oestrus were considered to be on heat (oestrus)
and refusal to be mounted after showing oestrus was considered as end of heat (Parsons & Hunter, 1967;
Roelofs et al., 2008). Upon detection of oestrus during the 6th oestrous cycle, the ewes were bred
naturally in both groups.

Pregnancy Diagnosis

The ewes were restrained in dorsal recumbency after shaving the transabdominal region. Each ewe was
scanned using real time B-mode scanner (Medison SA600V, made in Germany), which was equipped with
a 3.5 MHz convex transducer on the 21st day post-mating to determine the presence of gestational sac,
which indicated conception.

Determination of CIDR Retention Rate, Pregnancy and Lambing Rates and Fecundity

CIDR Retention Rate

The CIDR refers to controlled internal drug release, which is a progesterone impregnated device used for
oestrous synchronisation through intravaginal insertion. Its retention had to do with the proportion of
ewes with intravaginal CIDR intact at the end of the experiment in comparison with the total number of
ewes in the group that had intravaginal CIDR inserted (Omontese et al., 2014).

Pregnancy Rate

The fertility/pregnancy rate was, therefore, defined as the number of ewes lambing as a proportion of the
number of females of reproductive age that were available for mating (Salifu, 2014). This was calculated
according the formula:

Pregnancy Rate    =             Number of pregnant ewes x 100

                                          Number of ewes mated in the group

Lambing rate

The lambing rate was considered as the proportion of the number of ewes lambing in the group mated or
exposed (Ataman & Aköz, 2006).

 

Lambing rate        =             Number of ewes lambing x 100  

                                         Number of ewes mated in the group
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Gestational length

Gestational length is the period from mating to delivery of the foetus, which last for a period of about 5
months or ranged between 145 – 150 days (Senger, 2007).

Fecundity: number of lambs born/number of ewes synchronized (Zohara et al., 2014).

Data Analysis

The experimental layout was completely a randomised independent t-test. Data generated were analysed
and expressed using descriptive statistics. Variable such as ORR was expressed in percentage, while TOO,
OD, pregnancy and lambing rates were expressed as mean (days/hours) ± SEM. Data obtained from all
experiments were subjected to independent t-test using the Statistical Analysis System (SAS, Institute
Inc., Release 8.2, Cary, NC, USA, 2013). Significant differences among treatment means were separated
using the Least Significant Difference (LSD). Line and bar charts were used to construct the graphical
distribution of the variables. Values of P < 0.05 were considered significant. 

Results
The meteorological data during the oestrus cycle study ranged between 9oC and 31.5oC for mean
ambient temperature with the mean ambient temperature ranging between 18.50 ± 0.29oC and 22.77 ±
0.34oC. The relative humidity ranged between 8% - 98% and the mean relative humidity fluctuated
between 18.95 ± 1.35% and 69.52 ± 2.69%. The wind speed ranged between 4.75 m/s and 10 m/s, while
solar radiation fluctuated between 3,941.4 and 6,100.2 w/m2 (Appendix Table 1).

CIDR Retention Rate, Oestrus Response Rate, Time of Onset of Oestrus and Oestrus Duration in
Hesperidin Fed Yankasa Ewes

The effect of hesperidin on oestrous cycle parameters are summarised in Appendix Table 1. The effect of
hesperidin on response to CIDR Retention is presented in Fig. 1. The CIDR retention, which was
significantly (P < 0.05) higher with 26 (95%) in the ewes treated with CIDR, lutylase and hesperidin; and 20
(75%) ewes in the control group. The CIDR retention was significantly (P < 0.05) higher with 24 (90.25%)
in the hesperidin treated group while 16 (60%) in the control group. CIDR retention was detected to be
significantly (P < 0.05) higher in 22 (80%) of the ewes in the non-treated group and 14 (50%) in the control
group.

The effect of hesperidin on response to Oestrus Response Rate (ORR) is presented in Fig. 2. The ORR was
significantly (P < 0.05) higher in 22 (80%) of the ewes treated with CIDR, lutylase and hesperidin; and 18
(65%) ewes in the control group. There was a significantly (P < 0.05) higher ORR in 22 (81.25%) of the
ewes in the hesperidin treated group and 16 (60%) in the control group. The ORR was significantly (P <
0.05) higher in 17 (62%) of the ewes in the non-treated group and 11 (40%) in the control group.
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The effect of hesperidin on time of onset of oestrus (TOO) is presented in Fig. 3. The TOO was
significantly (P < 0.05) shorter with 2.8 ± 1.0 days in ewes treated with CIDR, lutylase and hesperidin; and
6.0 days in ewes in the control group. The TOO was significantly (P < 0.05) shorter in 16.80 ± 1.70 days in
ewes treated with hesperidin and 19.41 ± 2.4 days in the control group. The TOO was significantly (P <
0.05) shorter 16.7 days in the ewes in the non-treated group and 18 days in the control group.

The effect of hesperidin on oestrus duration (OD) is presented in Fig. 1 below The OD was significantly (P
< 0.05) higher with 30.5 ± 2.1 hours in ewes treated with CIDR, lutylase and hesperidin; and 25.6 ± 2.4
hours in ewes in the control group. The OD was significantly (P < 0.05) higher 33.00 ± 4.24 hours in ewes
treated with hesperidin and 23.30 ± 2.40 hours in the control group. The OD was significantly (P < 0.05)
higher with 29.5 hours in the ewes in the non-treated group and 24 hours in the control group.

Fertility Parameters in Hesperidin Fed Yankasa Ewes

The effect of hesperidin on fertility parameters in thermally-stressed Yankasa ewes are summarized in
Appendix Table 5. The effect of hesperidin on pregnancy rate (PR) is presented in Fig. 5. The PR was
significantly (P < 0.05) higher 85% in ewes in the treatment group than in the control group with 75%. The
lambing rate (LR) was significantly (P < 0.05) higher 95% in the hesperidin treated group while it was 80%
in the control group.

The effect of hesperidin on lambing weight (LW) is presented in Fig. 6. The LW was significantly (P <
0.05) higher with 2.52 ± 0.69 Kg in ewes in the non-treated group and 2.24 ± 0.73 (50%) in the control
group.

The effect of hesperidin on postpartum oestrus interval (PPOI) is presented in Fig. 7 below The PPOI was
significantly (P < 0.05) shorter with 37.88 ± 1.13 days in the treated group while the control had 39.33 ±
0.67 days.

 The effect of hesperidin on gestation length (GL) is presented in Fig. 8. The GL was significantly (P <
0.05) shorter 149.38 ± 1.30 days in the treated group when compared with the control (151.4 ± 1.14
days).

The effect of hesperidin on fecundity is presented in Fig. 9. The fecundity was not significantly (P < 0.05)
different with 1.13 in treated group and 1.04 in the control group.

Discussion
The mean ambient temperature (AT) and relative humidity (RH) documented in this study were outside
the thermoneutral zone (TNZ) of 22 – 30 oC and 28 – 60 %, respectively, established for sheep under
tropical environment (Suprayogi et al., 2006; Khalek, 2007; Marai et al., 2007; Papanastasiou et al., 2015).
The lowest AT recorded during the harmattan season was 14oC during the morning hours and 10oC
during the night hours, which indicated that, the animals were subjected to extreme cold environmental
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conditions. The TNZ is the comfort zone or the zone of indifference of the animal where the animals’
performance is maximized with no compensatory efforts required by the animal for the maintenance of
its homeostasis (Bianca, 1976; Silanikove, 2000).

CIDR retention rate improves oestrus synchronisation, and therefore, the oestrus response rate (ORR),
which resulted in higher pregnancy rates in ewes (Moeini et al., 2007; Sidi et al., 2016). The higher value
of CIDR retention rate and therefore higher oestrus response rate in the treatment groups obtained in the
present study may be as a result of hesperidin ability to scavenge toxic free radical species, combat
inflammation and ameliorate oxidative stress induced by the CIDR insertion and exposure of the animals
to severe thermal stress. This resulted in higher oestrus synchronisation, demonstrating the ameliorative
effects of hesperidin in improving oestrus synchronisation in thermally stressed Yankasa ewes. The
finding of this study agrees with the findings of Omontese et al. (2010) and Omontese et al. (2014) who
administered ascorbic acid to does and had CIDR retention of 85% and to Yankasa ewes with CIDR
retention of 90%, respectively. CIDR losses were found to be higher in the control group and this agrees
with the findings of Romano (2004), who carried out similar experiment and obtained similar results in
Nubian goats, though no antioxidants were used in the study. High losses of CIDR in ewes have been
reported by several authors (Ainsworthl and Doww, 1986; Maxwell and Barnes, 1986; Rhodes and
Nathanielsz, 1988; Wheaton et al., 1993) and might have been due to lack of use of the CIDR applicator
and methods of insertion of the CIDR. When CIDR are not carefully inserted intravaginally, it causes
irritation of the vaginal mucosa, which may result in inflammation and predisposes the ewes to infection
and probably loss of the CIDR and lower oestrus synchronisation rate and oestrus response rates
(Swelum et al., 2015). 

The significant ORR values obtained in the present study may be due to the radical scavenging ability of
hesperidin, which resulted in higher ORR. The results of the present study resonate with the findings of
Musa et al. (2018), who found higher ORR values in antioxidant supplemented Yankasa ewes. Oxidative
stress is associated with the different phases of the oestrous cycle in addition to that from severe
environmental conditions, during which excess ROS are produced, resulting in poor oestrous outcomes.
 The effect of selenium (Se) supplementation on the reproductive performance of Merino ewes mated out
of the normal breeding season was investigated by Sánchez et al. (2008) and found that though
selenium supplementation had a positive effect on oestrus synchronisation in ewes mated out of the
breeding season, it did not improve significantly ewe fertility or lamb birth weight, even though selenium
supplemented ewes had higher lambing rate and produced more lambs than those not synchronized. In
their study they associated selenium supplementation at the early stages of pregnancy to result in
selenium toxicity and embryonic mortality. In another study by (Mashamaite, 2019) on South Africa
indigenous goats, selenium supplementation did not have any significant effect on the number and size
follicles, oestrus response and duration, oestrus onset, pregnancy and kidding rates, gestation length and
litter size. Earlier studies by (Sánchez et al., 2008) had indicated that selenium supplementation to Merino
sheep had inhibitory effects resulting in embryonic mortality during earlier pregnancy. With hesperidin
supplementation, ROS are scavenged and destroyed, thus resulting in enhanced ORR. However, the
findings of current study disagree with the findings of Gore (2016), who investigated the effect of β-
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carotene (an antioxidant radical scavenger) supplementation on oestrus synchronisation and milk
production in Saanen goats and found that β-carotene supplementation had no effect on ORR. The
discrepancies could be due to species variation, location, health status and season during which the
study was conducted.

The overall beneficial effects of hesperidin resulted in shorter TOO, which falls within the normal range of
13 – 19 days reported by Greyling and Brink (1987). Hesperidin as an antioxidant, with ability to
scavenger excess reactive oxygen species (ROS) resulted in better cell wall and other cellular components
often damaged by excess ROS associated with thermal stress and reproductive processes. Its anti-
inflammatory, antibacterial, and antiviral properties improved TOO in Yankasa ewes. The findings of this
study disagree with the findings of Trout et al. (1998), who investigated the characteristics of oestrous
cycle and antioxidant status in lactating dairy cattle exposed to heat stress, and observed that there was
no variation in TOO in the antioxidant treatment and control groups.  The findings of the current study are
also contrary to the result of Vaadala et al. (2019), who reported that the use of the flavonoid, baicalein, in
female mice prolonged oestrus and also suppressed fertility output.   This differences in findings may be
due to species variation and the season during the studies were carried out. The current study was carried
out in Yankasa ewes during the cold-dry harmattan season with chilly night time temperatures of 10oC
and under a montane vegetation. The study by Trout et al., (1998) was conducted in a heat stressed
environment in cattle, while that of Vaadala et al. (2019) was conducted in female mice under laboratory
conditions.

The higher oestrus duration (OD) (hours) obtained in this study corroborates the findings of Sejian et al.,
(2014), who obtained a significant increase in oestrus duration (36.68 ± 2.42 hours) in Malpura ewes
administered mineral and antioxidant supplementation, while other parameters like oestrous response
rate (100%) and length of oestrous cycle (14.29 ± 0.18) were not different. The mean oestrus duration
(hours) fell within the range of 24 – 36 hours reported by various researchers (Vivanco, 1986; Jarquin et
al., 2014; Zohara et al., 2014).  This shows that hesperidin improved the OD in Yankasa ewes. This might
have been due to free radical scavenging capacity of hesperidin thereby enabling the animals to cope
with the harsh thermal stress during the harmattan season. However, the result of the current study
disagrees with the findings of Gore, (2016) who investigated the effect of β-carotene (an antioxidant
radical scavenger) supplementation on oestrus synchronisation and milk production in Saanen goats
and found that β-carotene supplementation had no effect on OD. The discrepancies in the findings could
be due to species and breed variations, location and the season during which the study was carried out.
Furthermore, the current study was carried out during the cold dry harmattan season, while Gore, (2016)
conducted his study in goats indicating species variations and under sub-tropical conditions. Different
climatic factors have been noted to influence onset and oestrus duration with prolong higher
temperatures shortening the duration of oestrus and reducing the intensity of oestrus behaviour in ewes
(Romano and Fahning, 2013). Cold stress induces shorter oestrus length in West Bengal goats in
treatment group than the control (Kumar et al., 2015), which agrees with the findings of this study. Cold
stress has been reported to shorten OD, and may even result in total loss of the oestrous cycle event in
rats (Tumenbayar et al., 2019). Extreme cold stress is associated with the depletion of the energy reserves
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resulting negative energy balance and increased metabolic activity in ewes and other farm animals,
which adversely influences homeostasis and cause overall poor reproductive performance
(Gebregeziabhear and Ameha, 2015). OD may be influenced by season, species, breed, location, health
status, management style, nutrition and the stage of the oestrous cycle (Omontese et al., 2017). 

Residual effect observed in this study after withdrawal of hesperidin is an indication of a drug's
continued effect in the body and expresses the long-term drug effects. Drug residual effects is well
studied in cases of drug abuse in humans (Roehrs et al., 1986; Spencer & Boren, 1990; Fitzgerald and
Vietri, 2015) and in animal studies (Atabaki et al., 2020; Sharma et al., 2021). It is, however, poorly
documented in animals. In this study hesperidin demonstrated significant residual effects after two
weeks of withdrawal of treatment, by improving ORR, OD and shortening of the TOO in Yankasa ewes.
The findings of this study resonate with the findings of Pinna and Sala, (2019), who found that
hesperidin and genistein mix elicited residual vasorelaxations effect after L-NAME pretreatment were
blocked by incubation with glybenclamide. Their findings concluded that regular moderate consumption
of citrus fruit or juice may confer protection to both mother and foetus, and might reduce blood pressure,
and the risk of foetal vascular complications such as preeclampsia and intrauterine growth restriction.
Also, semi-professional cyclists were administered a single dose each of 500 mg of hesperidin had
enhanced physical performance due to the amelioration of oxidative status in the volunteers (Martínez-
Noguera et al., 2019; Ávila‐gálvez et al., 2021). 

The higher pregnancy and lambing rates observed in this study might have been as a result of the ability
of hesperidin to ameliorate oxidative stress associated with severe thermal stress and pregnancy and
parturition (Agarwal et al., 2005).  The finding agrees with the result of a study conducted by
(Safarnavadeh and Rastegarpanah, 2011) in rats using oil from Satureja khuzestanica, which showed a
93.33 % pregnancy rate. Satureja khuzestanica oil contains flavonoids, such as p-cymene and carvacrol,
which through their antioxidant capacity had the ability to combat oxidative stress, improve oocyte
quality and pre-implantation embryo survival, thus, improving pregnancy rates (Safarnavadeh and
Rastegarpanah, 2011). The supplementation with vitamin C (ascorbic acid) in women resulted in higher
pregnancy rates in women who had luteal phase defect indicating the beneficial effect of ascorbic acid
as an antioxidant (Henmi et al., 2003). Another study using supplementation composed of vitamin E, iron,
zinc, selenium and L-arginine showed an increase in ovulation and pregnancy rates in women and, thus,
supporting the findings of the current study (Westphal et al., 2004). The findings of this study are contrary
to the results obtained by Ozyurtlu et al. (2010), who investigated the characterization of oestrus
synchronisation and other fertility parameters in Awassi ewes during the non-breeding season and found
no variations in parameters studies. Such results might have been influenced by breed variation and
genetic make-up, location, nutrition, environmental conditions and the healthy status of the ewes.

The shorter gestation length found in this study may be associated with the radical scavenging capacity
of hesperidin. Oxidative stress is associated with severe environment conditions and pregnancy due to
physiologic and metabolic processes that are necessary for the development of the offspring. The
findings of this study agree with the report of Mukasa-Mugerwa et al. (1994), Fogarty et al. (2005), Hucal,
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(2011), Petrovic et al. (2013) and Menatian et al. (2010). The findings of this study found the gestation
length to fall within the normal range established for sheep with 138 – 157 days reported by Tilton,
(1964). Iyiola-Tunji et al. (2010) reported a different range of 150.3 ± 0.61 to 153.3 ± 0.60 days for all
Nigerian breed genotypes (Balami, Uda and Yankasa) investigated, except for the pure Balami breed
which had a shorter gestation length (137.1 ± 0.81 days). The findings of Iyiola-Tunji et al. (2010) on
gestation length was carried out on genotypes not pure Yankasa breed and may show variation in
gestation length. Gestation length in ewes is dependent upon several factors including: genotype, health
status of the dam, body condition score, breed, nutritional status, age, number of foetuses, sex of the
foetus, foetal birth weight, environmental conditions associated with the breeding seasons including the
effect of thermal stress and the sire used for breeding (Tilton, 1964; Forbes, 1967; Anderson et al., 1981;
Oztirk and Aktas, 1996; Iyiola-Tunji et al., 2010; Hucal, 2011; Petrovic et al., 2013). Higher lambing weight
is reported to induce earlier lambing whether single or twin pregnancies and male offspring tend to result
to earlier lambing than female offspring due to their body size and weight (Salifu, 2014; Parraguez et al.,
2020; Sales et al., 2020). Higher foetal weight induce stress which activates the generation of cortisol and
initiate earlier lambing (Senger, 2007; Salifu, 2014). Though studies regarding antioxidant effect on
lambing weight are somewhat mixed and varied with some finding increase in lambing rates (Capper et
al., 2005), others did not find any variation (Ali et al., 2004; Sterndale et al., 2018).  They attributed the
variations to be due to use of different doses of vitamin E, routes of administration, and duration of
treatments, in addition to eventual differences in sheep pregnancy rank and breed and other undefined
factors.

The higher lambing weights in the treatment group obtained in this study agrees with the findings of
(Sales et al., 2019) who administered Vit C and E to ewes and found that the lambs from supplemented
ewes had higher lambing weights than the control in both single and twin pregnancies. Melatonin
supplementation given to pregnant ewes under heat stressed conditions improved the redox status of
heat-stressed ewes and increased the mean number and bodyweight of lambs born per ewe, as well as
the milk production (Bouroutzika et al., 2020). Higher lamb birth weights were also obtained from
undernourished pregnant ewes given supplementation of vitamins C and E, which resulted in
counteraction of hypoxemia and oxidative stress associated with intrauterine growth restriction
(Parraguez et al., 2022a and b). Supplementation with vitamins C and E alone or in combination with
concentrate on pregnancy outcomes and growth and survival of lambs during early postnatal stages
(lactation) showed increased birth weight and higher body weight (BW) at weaning in ewes and higher
lamb survival rates (Parraguez et al., 2020; Parraguez et al., 2022a). This demonstrates the antioxidant
capacity of ascorbic acid and vitamin E in improving foetal oxygenation by counteracting maternal
hypoxia and oxidative stress. Without the antioxidants the undernourished pregnant ewes might have
experienced lipid peroxidation and impairment of redox homeostasis, and thus, reducing the oxygenation
capacity of the red blood cells and therefore, decreased foetal body weight (Nawito et al., 2016; Parraguez
et al., 2020; Sales et al., 2020). Antioxidants supplementation has been associated with increased
umbilical flow that favoured foetal growth, increased angiogenesis, favoured placental function and
foetal development (Kasimanickam et al., 2010; Thakor et al., 2010; Parraguez et al., 2013). Improved
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placental efficiency and lambing weight have been reported in pregnant undernourished rats (Richter et
al., 2009). This is further supported by the findings of Parraguez et al., (2011) who obtained increased
placental efficiency between 10% and 45% in single ovine pregnancies developed under oxidative stress
in chronically hypoxic environment on high plateaus. Foetal hypoxia has been reported to predisposes the
offspring to congenital anomalies and chronic diseases in future life (Silvestro et al., 2020). However, the
use of several antioxidants such as melatonin, erythropoietin, vitamin C, resveratrol and hydrogen, have
demonstrated potential protective effects in prenatal hypoxia (Silvestro et al., 2020). Hesperidin as a free
radical scavenger, ameliorated oxidative stress through impairment of lipid peroxidation and
improvement of cell wall integrity, improved oxygenation between the dam and foetus, higher lambing
weights and therefore better performance. 

No statistically significant differences were recorded between the two treatments regarding the fecundity.
This finding is consistent with the work of Ozyurtlu et al. (2010) who investigated the effect of oestrus
synchronisation in sheep on fertility parameters and found no variation.  The studies of Ataman and
Aköz, (2006) and Ozyurtlu et al., (2010) also obtained similar results implying hesperidin
supplementation did not alter fecundity in sheep. Discrepancies above may be caused by some factors
such as genotype, nutrition, environmental conditions, housing and management. Contrary to the findings
of this study on fecundity, Kamiloğlu et al. (2017) obtained significantly higher fecundity rates in Tuj
sheep. They attributed their findings to the inclusion of testosterone immunization and its synergy with
oestrus synchronisation agents administered to the ewes. The results of this study showed that fecundity
was not influenced by hesperidin treatment.

In conclusion it was observed that hesperidin significantly increased oestrus synchronisation outcomes
and fertility parameters in Yankasa ewes. 

It is therefore recommended that farmers in Plateau State, Nigeria could be advised to administer
hesperidin to Yankasa ewes during thermally-stressed conditions. The study involved a limited number of
ewes on the Jos Plateau, it is therefore also recommended that further studies involving more ewes be
carried out in other thermally stressed environments where Yankasa ewes are raised. Further studies are
also required to elucidate on the molecular mechanism of action of hesperidin in ameliorating thermal
stress in Yankasa ewes.
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Figures

Figure 1

CIDR Retention Rates (%) in hesperidin fed Yankasa ewes. abBar Chart with different superscript differ
significantly (P < 0.05).

Figure 2
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Oestrus Response Rate (ORR) (%) in hesperidin fed Yankasa ewes. abBar Chart with different superscript
differ significantly (P < 0.05).

Figure 3

Time of onset of oestrus (TOO) (days) in hesperidin fed Yankasa ewes. abBar Chart with different
superscript differ significantly (P < 0.05).

Figure 4

Oestrus duration (hours) in hesperidin fed Yankasa ewes. abBar Chart with different superscript differ
significantly (P < 0.05).
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Figure 5

Pregnancy and lambing rates in hesperidin fed Yankasa ewes. abBar Chart with different superscript
differ significantly (P < 0.05).

Figure 6

Lambing weights in hesperidin fed Yankasa ewes. abBar Chart with different superscript differ
significantly (P < 0.05).
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Figure 7

Postpartum oestrus interval in hesperidin fed Yankasa ewes. abBar Chart with different superscript differ
significantly (P < 0.05).

Figure 8

Gestation Length in hesperidin fed Yankasa ewes. abBar Chart with different superscript differ
significantly (P < 0.05).
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Figure 9

Fecundity in hesperidin fed Yankasa ewes. abBar Chart with different superscript differ significantly (P <
0.05).
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