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The influence of various rates of royal jelly enriched extenders on frozen/thawed
sperm quality and fertility in goats
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ABSTRACT: The goal of this study was to detect the influence of royal jelly (RJ) as a strong antioxidant supple-
ment at different concentrations (0.25, 0.50, 0.75, 1%) in TRIS egg yolk (TEY) and TRIS soybean lecithin (TSL)
extenders, on semen quality and fertility. Sperm was collected from 5 Damascus bucks via an electro ejaculator during
the breeding season. After dilution and cooling, the lowest motility and membrane integrity were detected in TEY-
IRJ, in terms of abnormal spermatozoon rate (P<0.05). Also, osmolality decreased significantly when the RJ ratio
increased (P<0.05). After freezing-thawing, the lowest sperm quality was detected in the 1% RJ groups of both extend-
ers. In terms of intact acrosome ratio, the highest value was recorded in the 0.50% RJ group in TEY and TSL diluents
(P<0.05). Fertility assessments were conducted on 150 goats synchronized with intravaginal sponges and inseminated
transcervical. No difference in pregnancy rates between TEY, TSL-control, or RJ groups were evident (P>0.05). As a
result, it was deduced that RJ additions to TEY and TSL extenders did not affect sperm quality at freezing in Damascus
goat semen except for the intact acrosome ratio and had no positive effect on fertility.
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INTRODUCTION
Artiﬁcial insemination offers goat breeders the po-
tential for widespread use of genetically superior
breeders and provides desirable new herds, reducing
inbreeding and minimizing animal movement, there-
by preventing the spread of diseases (Youngquist and
Threlfall, 2006). Sperm can be held on for a long-time
using cryopreservation. During the storage of sperm,
egg yolk, or high molecular weight compounds such
as lipoprotein, lecithin, cephalin, and protein are used.
The TRIS-egg yolk is widely used in the freezing of
buck sperm. It is reported that egg yolk protects the
spermatozoon membrane and spermatozoa against
cold shock during freezing and thawing (Aboagla
and Terada, 2004; Barbas and Mascarenhas, 2009;
Bergeron and Manjunath, 2006; Purdy, 2006). But
the content of egg yolk is variable, and sterilization
problems and risk of microbial contamination are lim-
iting factors for use (Gamal et al., 2016; Masoudi et
al., 2016). Soy lecithin, which has been used in place
of egg yolk in recent years, stabilizes cells with ele-
ments such as phosphatidylcholine, stearic, oleic, and
palmitic fatty acids (Baruah et al., 2019; Bhai et al.,
2015; Vidal et al., 2013). Soy lecithin has a different
fatty acid content and lipid composition than egg yolk
and may be resistant to egg yolk coagulating enzyme
(EYCE; Bhai et al., 2015).

The capacity of naturally occurring seminal antiox-
idants is impaired following cryopreservation. Anti-
oxidant administration in semen extenders has offered
a significant potential to expand potential fertility per-
formance and diminish the oxidative damage (Bansal
and Bilaspuri, 2011). Antioxidant substances added
to extenders during the dilution, cooling, equilibra-
tion, and freezing of sperm have protective properties
against oxidative stress (Alcay et al., 2017; Moradi
et al., 2013; Shahzad et al., 2016). Antioxidants im-
prove post-thawing sperm quality against membrane
lipid phase change, osmotic-mechanical stress, lipid
peroxidation, extracellular crystal formation, denatur-
ation in membrane proteins, structural deformation in
cell organelles during freezing and thawing (Bilodeau
et al., 2001; Bucak and Tekin, 2007). Royal jelly has
a strong antioxidant capacity and radical scavenging
ability (Ghanbari et al., 2015; Silici et al., 2009) and
very valuable product for health. RJ is made up of
varied carbohydrates, proteins, lipids, vitamins, free
amino acids, peptides, adenosine monophosphate
N1-oxide, acetylcholine, fatty acids, as well as trace
minerals and enzymes, and is released by the worker
honeybees’ hypopharyngeal and mandibular glands

(Abd-Allah, 2012; Elnagar, 2010). RJ has a variety
of biological activities including the cure of sexual
impairment (Azad et al., 2018). Testosterone, estra-
diol, prolactin, progesterone, and insulin-like growth
factor-1 have been found in RJ (Moghaddam et al.,
2013). The supplementation of RJ is crucial for sperm
viability, motility, and fertility (Abdelhafiz and Mu-
hamad, 2008; Abdelnour et al., 2020; Ahmed et al.,
2018; Khazaei et al., 2018; Mahdivand et al., 2019;
Zahmatkesh et al., 2015; Zahmatkesh et al., 2014).
There is no other study examining the effect of RJ
supplementation of extenders on fertility in goats. The
study aimed to evaluate the influence of the supple-
mentation of Royal jelly in Tris egg yolk (TEY) and
Tris soybean lecithin (TSL) extenders on Damascus
goat’s sperm quality and fertility parameters.

MATERIAL AND METHODS

Hatay Mustafa Kemal University’s Scientific Eth-
ical Committee accepted the experimental sets and
assessment methodologies (No: 2018/5-2). The re-
search was managed throughout the mating season.
Bucks were provided at the Pan Goat Farm in Gazian-
tep, and goats were supplied from the farm in Hatay
in Turkey. Five healthy Damascus bucks were used to
collect semen ranging in age from 2 to 5 years. Arti-
ficial insemination was applied to 150 goats aged 2-4
years. Sigma Co. (St. Louis, MO, USA) and Merck
(Darmstadt, Germany) provided the chemicals uti-
lized in this research.

Sperm collection: Sperm was collected twice a
week via an electro ejaculator (Ruakura Ram Probe,
Shoof International Ltd, New Zealand) and repeated
ten times. The semen was instantly transferred to a
water bath after collection (37°C) and then the ejac-
ulates having a volume of more than 0.5 mL, a mass
activity greater than 3, and motility greater than 70%
were pooled. Semen was analyzed for volume, mo-
tility, mass activity, concentration, dead and morpho-
logical abnormal sperm rates, membrane integrity,
and pH in the pooled sperm. Semen was evaluated for
motility, dead and abnormal spermatozoa rates, mem-
brane integrity, pH, and osmolarity after dilution, af-
ter cooling to 4-5°C for 2 h, after equilibration for 4 h,
and after thawing. In addition, an acrosome integrity
test was performed after thawing.

Evaluation of semen quality: The volume of
sperm was defined in collection tubes as mL. A drop
of fresh semen was analyzed to determine mass activ-
ity and scored between 0 and 5 (Tekin, 1990). Motil-
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ity was assessed subjectively, using a warmed (37°C)
glass slide under a phase-contrast microscope (x400;
Hafez and Hafez, 2013). The concentration of sperma-
tozoa was evaluated using the Hayem solution and the
hemocytometric technique (Hafez and Hafez, 2013).
Sperm viability was assessed by the eosin-nigrosin
staining (Jeyendran et al., 1984). Briefly, 5 pL of
sperm sample were mixed with Sul. of eosin-nigro-
sin, and the smear was prepared without waiting on a
glass slide and stained at 60 °C. At least 400 sperma-
tozoa were counted. Spermatozoa with stained heads
were considered dead, while those with unstained he-
ads were alive. The morphological examination was
carried out using the eosin-nigrosin staining method.
The smears were examined under x1000 magnifica-
tion of the light microscope and the sperm abnormal-
ities of the head, midpiece, and tail were evaluated
for a total of 400 spermatozoa. Membrane integrity
was assessed with Hypoosmotic Swelling Test solu-
tion-HOST (1.1 g fructose, 0.55 g sodium citrate, 100
mL distilled water, adjust to 100 mOsm/1), following
Jeyendran et al. (1984) technique with minor changes.
Ten pl of sperm was mixed with 100 pl of HOST solu-
tion at 37 °C for 60 min. After incubation, the mixture
was spread with a coverslip on a glass slide and a total
of 200 sperm cells were evaluated with a phase-con-
trast microscope (x400). Spermatozoa with intact
plasma membranes were provided with the swollen
tail. The pH value of the sperm was evaluated using a
pH meter (Hanna HI 83141, Country of origin). PSA-
FITC (L0770, Sigma, USA) was used for acrosome
integrity evaluation and prepared according to Nur et
al. (2010). The prepared samples were viewed with a
fluorescence microscope (Nikon, Eclipse Ni, Maka-
to Kimura, Tokyo, Japan). The spermatozoa, whose
entire acrosome appeared green, were evaluated as
intact and determined as % (Fig. 1) (Masoudi et al.,
2016; Nur et al., 2010). The osmolarity of the semen
is determined as mOsm/kg using an osmometer (Os-
momat 3000, Gonotec, Germany) operating accord-
ing to the freezing point principle.

Dilution and storage of semen: TRIS-egg yolk
(TEY) extender was prepared with 3.605 g TRIS,
1,488 g fructose, 2,024 g citric acid, 100,000 IU Pen-
icillin G (I.E. 1,000,000 IU, Istanbul, Turkey), 100
mg Streptomycin (I.E.Ulagay, 1 g, Istanbul, Turkey),
12% egg yolk and made up to 100 mL with distilled
water according to Camara et al. (2011). TRIS-soy-
bean (TSL) extender was arranged as 3,605 g TRIS,
1,488 g fructose, 2,024 g citric acid, 100,000 IU Peni-
cillin G, 100 mg Streptomycin, 1,5% soybean lecithin

Fig. 1. Detection of acrosome integrity with FITC-PSA. (a: sper-
matozoon with intact acrosome, b: spermatozoon with damaged
acrosome).

(P3644, 25 g, Sigma) and made up to 100 mL with
distilled water. The sperm was divided into ten parts
in the water bath at 37 °C (Msb 30, Mikrolab, Country
of origin) and diluted with TEY and TSL extenders
added to 0.25, 0.50, 0.75, and 1% RJ (Fanus, 20,000
mg pure royal jelly, Trabzon, Turkey). To prepare the
royal jelly stock solution, 2g royal jelly (RJ) was dis-
solved in 100 mL distilled water, mixed by using a
vortex and experimental groups were formed using
2% RIJ stock solution. The stock solution was used
to obtain various levels of royal jelly. Each group’s
spermatozoa concentration was adjusted to 200x10°
spermatozoa/mL. After dilution, sperm were placed
in 0.25 mL straws and gradually chilled to 4°C within
2 h and 5% glycerol was added to the chilled sperm
according to Ustiiner et al. (2014) and stored at 4°C
for 4 hin a cooled incubator for equilibration (Camara
et al., 2011; Ustiiner et al., 2014). Semen straws were
frozen in a 35x30x22 styrofoam. Straws were ar-
ranged in a single row on a steel shelf in styrofoam
and placed at 5 cm above the nitrogen level for 10
min. Also, goblets were kept in nitrogen for 5 min
and then transferred to the liquid nitrogen tank. The
straws were thawed at 38°C for 25 sec and the exam-
inations were carried out. This procedure was repeat-
ed 10 times in all groups. After the sperm variables
examination and based on the results after the statis-
tical analysis a total of 6 batches with the best sper-
matological quality belonging to the 2 main extender
groups, one of the controls, and 0.25 and 0.50% royal
jelly added groups were selected. The prepared straws
were kept in the nitrogen tank until the artificial in-
semination.
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Synchronization and artificial insemination of
goats: Sponges containing 60 mg medroxyprogester-
one acetate (Esponjavet, Hipra, Turkey) were admin-
istered intravaginally to 150 goats for synchroniza-
tion. The sponges were kept in the vagina for 10 days.
On the 9% day of application, goats were injected
with 200 IU PMSG (Oviser, 5000 IU, Hipra, Turkey)
and 250 mcg PGF, alpha intramuscularly. Estrus was
detected with teaser bucks after 24 h of sponges re-
trieve and 25 goats were inseminated in each extend-
er group. The goat was fixed by two-person, and the
anus area and the lips of the vulva were dry cleaned.
One assistant bent the hind legs of the goat from the
articulation genu joint and lifted the back part of the
goat. The tip of the transparent speculum with a light
source mounted inside was inserted through the vul-
va after being lightly lubricated with non-spermici-
dal gel. After the cervix was found, the catheter was
passed through the speculum and transmitted from the
orifice uteri external to the cervix, and insemination
was completed by passing through the cervix.

Fertility evaluation: Pregnancy diagnoses were
done at 21 and 50 days after artificial insemination.
Blood samples 21 days after artificial insemination
were collected to determine the early period in preg-
nancy diagnosis. Blood was collected from the v.
jugularis, and after centrifugation at 2000 rpm for 10
min, the plasma was removed and stored in the deep
freezer (-20°C) until progesterone analysis. Plasma
progesterone measurements were made with the Di-
rect Chemiluminescence method (ADVIA Centaur
Ready Pack TM, Siemens, USA), and progesterone
levels >3 ng/mL were considered as pregnant (Al-
Merestani et al., 2003). At 50 days after artificial
insemination, transabdominal ultrasound scanning
was applied with an ultrasound device (DP-2200 Vet,
Mindray, China) using a convex probe at a frequency
of 5 MHz. The formula of the pregnant goats/insem-
inated goats x 100 (Ahmed et al., 1998) was used to
determine the pregnancy rate.

Statistical analysis: The Shapiro-Wilk test has
been used for the determination of normal distribu-
tion. The data were analyzed with SPSS 23 and de-
tected mean =+ standard error values, with significant
variations defined as P<0.05. The data were evaluated
using ANOVA, and the Duncan test was utilized to
identify the differences between the groups for sper-
matological testing. The Chi-square test was beneficial
in assessing pregnancy rates, and Pearson-Chi-square
was applied to determine statistical significance.

RESULTS

Following mean values in pooled fresh semen
samples were detected for volume 6.3+0.63 mL, mass
activity 3.85+0.08, motility 7740.82 (%), dead sper-
matozoa ratio 16.2+1.40 (%), membrane integrity
78.3£1.63 (%), abnormal sperm ratio 12.3+0.94 (%),
pH 6.47+0.06, and concentration 2.375+57.60 x 10/
mL.

Spermatologic values after dilution

As stated in Table 1, the lowest motility, membrane
integrity, and the number of dead spermatozoa were
higher in the 1% RJ group than in the other groups of
TEY extenders (P<0.05). In terms of abnormal sper-
matozoa ratio and pH, no noticeable differences were
noted. The osmolality of the control group was the
highest, and the 1% RJ group was the lowest within
the group in TEY extender. In the TSL extender, only
the difference in terms of osmolality was significant
(P<0.05). Osmolality was found to be higher in the
TSL-control than in the experimental groups, and os-
molality values decreased significantly as the amount
of RJ increased.

Between the TEY and TSL groups (Table 2), only
the pH of the TEY-0.50RJ group was significantly
lower than the TSL-0.50RJ group (P<0.05). During
equilibration, the addition of cryoprotectant to the di-
luent and the freezing process change the osmolality
and thus long-term storage of the cell is achieved.

Spermatologic values after cooling

In the TEY extender groups (Table 3), motility and
sperm membrane integrity of the control group was
superior compared to the TEY-1RJ group (P<0.05),
while they were similar to the rest TEY extender
groups. For the dead sperm and pH, no differences
were observed between groups (P>0.05). Values of
abnormal spermatozoa were higher (P<0.05) in the
TEY-1RJ group than in TEY-0.25RJ and TEY-0.5RJ
groups. The Control group provided the highest val-
ue of osmolarity, while it decreased proportionally as
the RJ concentration was increased. No differences
were observed for any variable of the TSL groups,
except for osmolarity, in which the same situation as
TEY groups were noticed. There were no differences
among TEY and TSL extender groups.

Spermatologic values post equilibration
Spermatological values after equilibration in the

experimental groups are shown in Table 4. In the TEY

extender, there were no differences for the examined
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sperm variables except for membrane integrity which
was remarkably higher in the control (P<0.05) than in
the TEY-1RJ group while it was similar to the other
experimental groups. In the TSL extender, control and
RJ groups did not differ in any sperm variable. When
TEY and TSL extender groups were compared no dif-
ference was found between groups (P>0.05).

Spermatological values after freezing-thawing

Spermatological parameters obtained in fro-
zen-thawed semen in TEY and TSL extender groups
are shown in Table 5. Motility in the TEY-control
group was higher than 1 and 0.75% RJ groups. The
lowest value of motility was found in the TEY-1RJ
group (P<0.05). Dead spermatozoa rate in the control
was similar to 0.75, 0.50, and 0.25% RJ added groups
while lower than the 1% RJ added group (P<0.05).
Membrane integrity in the control was similar to
the 0.50 and 0.25% RJ groups and it was consider-
ably higher compared to the 0.75 and 1% RJ groups
(P<0.05). Among the experimental groups, the mem-
brane integrity declined in the 1% RJ group (P<0.05),
while the 0.25% RJ group had the highest membrane
integrity. Regarding osmolality, the control was su-
perior to the RJ-added groups (P<0.05). In terms of
intact acrosome ratio, while the value of control was
higher than the 1% RJ group (P<0.05), it was similar
to the other groups.

In the TSL extender, the motility in the control
was higher than the 1 and 0.75% RJ added groups
(P<0.05) and was similar to the 0.50 and 0.25% RJ
added groups. In terms of the dead spermatozoa rate,
the control was provided lower values than the exper-
imental groups with 1% and 0.75% RJ (P<0.05), and

no differences were observed with 0.50% and 0.25%
RJ groups. Values of membrane integrity in the con-
trol group was higher than in the 1% and 0.75% RIJ
supplemented groups (P<0.05), and similar to the
0.50% and 0.25% RJ added groups. In terms of osmo-
lality, the control was similar to the 0.25% RJ group,
while it was higher than the other RJ-added groups
(P<0.05). When the experimental groups were eval-
uated, the lowest osmolality was in the 1% RJ group,
while the other experimental groups were found to
be similar to each other. In terms of intact acrosome
ratio, the highest acrosome integrity was determined
in the 0.50% RJ group, and the lowest value was de-
termined 1% RJ group (P<0.05). In the evaluation of
TEY and TSL extenders (Table 6), it was determined
that the TEY-0.75RJ group had a higher number of in-
tact plasma membranes compared to the TSL-0.75RJ
group (P<0.05). The number of spermatozoa with in-
tact acrosome rate noted in the TEY-0.50RJ was low-
er compared to the TSL-0.50RJ group (P<0.05).

Pregnancy rates

In the study, the best spermatological results were
recorded in control, 0.25, and 0.50% RJ groups of
TEY and TSL-based extenders. The pregnancy rates
are given in Table 7. No difference was observed be-
tween the control and RJ-supplemented groups in ex-
tenders (P>0.05).

In terms of pregnancy rate on the 21st day, the
TEY-0.50RJ group was found to be notably low-
er than the TSL-0.50RJ group as stated in Table 8
(P<0.05). According to the pregnancy rate on the 50th
day, pregnancy rates did not vary among the groups
(P>0.05).

Table 1: Spermatological values post-dilution in TEY and TSL extender groups (Mean + Std. Error)

Groups Motility (%) Dead Sptz (%) HOS Test (%) %?)?;E;a;l pH (Omsg:llf/lll(g
TEY Control 74.50£1.172 16.90+1.19° 73.60+2.072 12.40£1.19 6.49+0.05 349.40+1.51°
TEY 1RJ 60.00+4.15° 28.50+3.67% 59.80+3.51° 13.70+1.58 6.48+0.04 210.40+4.94¢
TEY 0.75RJ 73.00£2.00° 18.30+1.54° 72.80£1.66* 13.30+1.01 6.45+0.05 249.10+4.28¢
TEY 0.50RJ 74.00+1.632 19.10+1.94° 73.70+2.01° 12.90+1.45 6.47+0.04 278.40+3.67¢
TEY 0.25RJ 73.50+2.48" 19.10+1.85° 72.60+£2.70° 12.80+1.63 6.52+0.03 315.30+1.95°
P 0.001** 0.004** 0.001** 0.967 0.826 0.000%**
TSL Control 70.00+3.42 20.50+2.92 69.00+3.28 14.60+1.77 6.57+0.03 352.10+£3.87*
TSL IRJ 61.50+4.95 25.90+4.23 62.00+4.43 16.50+2.33 6.55+0.05 222.3043.52¢
TSL 0.75RJ 69.50+2.73 20.00+2.29 69.30+2.45 13.50+1.79 6.57+0.04 251.304+4.99¢
TSL 0.50RJ 73.50+1.30 17.20+2.18 73.50+1.73 12.00+£1.15 6.61=0.04 280.90+3.99¢
TSL 0.25RJ 73.50+1.98 16.20+1.76 73.33£1.92 12.90+1.55 6.58+0.06 312.80+3.76°
P 0.060 0.143 0.054 0.434 0.902- 0.000%***

P>0.05, *: P<0.05, **: P<0.01, ***: P<0.001

a,b,c,d,e: Differences between means with different letters in the same column are significant.
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Table 2: Intergroup spermatological values post-dilution in TEY and TSL extender groups (Mean + Std. Error)

TEY TEY TSL
Control 1oL Control P IRJ 1RJ

Motility (%) 74.50+1.17 70.00+3.42 0.228 60.00+4.15 61.50+4.95 0.819
Dead Sptz (%) 16.90£1.19 20.50£2.92 0.269 28.50+3.67 25.90+4.23 0.648"
HOS Test (%) 73.60+2.07 69.00+3.28 0.251° 59.80+3.51 62.00+4.43 0.702
Abnormal (%) 12.40+1.19 14.60+1.77 0.317" 13.70+1.58 16.50+2.33 0.334

pH 6.49£0.05  6.57+0.03 0.203" 6.48+0.04  6.55+0.05 0.242

Groups P TEY0.75RJ TSL0.75RJ P TEYO0.50RJ TSLO0.50RJ P TEY0.25RJ TSL0.25RJ P

1.000°
0.271-
0.835
0.965
0.363

0.813" 73.50+2.48
0.524 19.10£1.85
0941 72.60+2.70
0.586 12.80£1.63
0.033*  6.52+0.03

73.50+1.98
16.20£1.76
73.33£1.92
12.90+1.55
6.58+0.06

0.315
0.546
0.252-
0.924-
0.054

74.00£1.63
19.10+1.94
73.70+2.01
12.90+1.45
6.47+0.04

73.50£1.30
17.20+£2.18
73.50+1.73
12.00£1.15
6.61+0.04

73.00£2.00
18.30+1.54
72.80+1.66
13.30+1.01
6.45+0.05

69.50+2.73
20.00+2.29
69.30+2.45
13.50£1.79
6.57+0.04

Osmolality 31 40,151 352.1043.87 05247 2104054.94 222.30+3.52 0.065 249.105428 251304499 0742 278.40+3.67 28090+3.99 0.650° 31530+1.95 312.8043.76 0562

(mOsm/kg)

*: P<0.05, The difference between groups is statistically significant.
-P>0.05, The difference between groups is statistically insignificant.

Table 3: Spermatological values at 4-5 °C in TEY and TSL extender groups (Mean + Std. Error)

Groups Motility (%) Dead Sptz (%) HOS Test (%) Abnormal (%) pH (Onfg‘s";f‘/lliga_
TEY Control 75.62+1.75* 17.504+2.41 74.37+1.64° 14.00£1.19% 6.45+0.05 360.62+9.44
TEY IRJ 60.00+4.53> 28.87+£7.01 61.37+3.63° 18.62+3.13¢ 6.45+0.05 228.87+13.22°
TEY 0.75RJ 71.2542.79* 20.00+1.95 71.00£2.40° 14.25+1.23%® 6.45+0.05 261.37+£10.32
TEY 0.50RJ 73.12+£2.09¢ 17.00+1.91 72.50+2.13¢2 11.62+0.99° 6.51+0.05 292.12+11.55°
TEY 0.25RJ 73.12+1.87* 16.25+1.85 70.25+2.07% 11.62+1.19° 6.51+0.04 322.87i10.34b
P 0.003** 0.109 0.008** 0.047* 0.799 0.000%***
TSL Control 69.37+£2.39 22.00+3.44 67.00+£3.16 15.25+2.44 6.53+0.04 357.12+3.24¢
TSL 1RJ 63.12+4.11 29.37+4.18 62.50+3.31 14.62+2.05 6.52+0.07 236.50+2.93°
TSL 0.75RJ 66.87+2.09 24.50+£2.37 67.37+£2.54 13.62+1.36 6.50+0.05 255.374£9.35
TSL 0.50RJ 69.37+1.75 19.25+2.63 67.00+2.79 13.50£1.55 6.55+0.08 291.12+5.67°
TSL 0.25RJ 70.00+1.63 19.75+2.80 66.37+2.60 13.50+2.04 6.52+0.07 320.12+5.65
P 0.313 0.168 0.748 0.952- 0.989 0.000%**
P>0.05, *: P<0.05, **: P<0.01, ***: P<0.001
a,b,c,d,e: Differences between means with different letters in the same column are significant.
Table 4: Spermatological values after equilibration in TEY and TSL extender groups (Mean + Std. Error)
Groups Motility (%) Dead Sptz (%) HOS Test (%) Abnormal (%) pH (Onfglsorila/l]l(g
TEY Control 69.50+3.37 22.90+£2.79 70.70+2.83° 16.20+1.21 6.53+0.05 1008.30+£73.36
TEY 1RJ 55.00+5.32 33.30+4.18 56.00+3.69° 17.90+1.82 6.44+0.08 1023.30+116.34
TEY 0.75RJ 65.00+3.42 25.30+3.25 65.40+2.592 16.30+1.44 6.46+0.06 957.60+£54.65
TEY 0.50RJ 67.00+£3.27 24.30+2.55 68.70+2.10° 17.30+1.32 6.56+0.06 894.80+44.86
TEY 0.25RJ 67.00+2.38 23.20+1.60 68.30+£2.26* 13.90+1.20 6.51+0.05 1008.70+74.86
P 0.068 0.102 0.004%* 0.339 0.626 0.753
TSL Kontrol 63.50+4.15 28.90+3.74 64.80+3.03 17.00+1.24 6.56+0.07 963.00+52.18
TSL 1RJ 55.00+£5.27 37.50+£5.09 56.60+4.39 17.70£1.65 6.55+0.04 839.20+55.05
TSL 0.75RJ 63.50+3.17 30.10+£3.82 64.30+£2.30 15.40+1.21 6.52+0.04 892.90+35.92
TSL 0.50RJ 67.50+2.39 23.80+2.87 68.60+1.83 15.50+1.01 6.56+0.05 840.40+40.60
TSL 0.25RJ 65.50+£2.03 27.60+2.85 65.50+£2.22 14.90+1.59 6.56+0.06 1016.50£79.61
P 0.155 0.150 0.069 0.557 0.979 0.108"

P>0.05, *: P<0.05, **: P<0.01
a,b: Differences between means with different letters in the same column are significant.
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Table 5: Spermatological values post-thawing in TEY and TSL extender groups (Mean + Std. Error)

Groups Motility Dead Sptz | HOS Test | Abnormal pH Osmolality Intact
(%) (%) (%) (%) (mOsm/kg) Acrosome (%)
TEY Control | 47.00+3.67* | 48.30+3.71" | 46.80+2.67* | 18.20+1.88 | 6.42+0.06 | 1153.00+£40.92* | 50.90+ 0.95®
TEY 1RJ | 21.504+3.58° | 69.5043.15* | 22.20+2.46° | 22.20+2.37 | 6.36+0.05 | 847.304+27.28¢ 42.20+2.00°
TEY 0.75RJ | 35.50+£3.45° | 57.30+4.01° | 37.60+2.68" | 17.60+1.23 | 6.44+0.06 | 937.50+27.76" 48.10+ 1.27°
TEY 0.50RJ | 41.00+3.79® | 51.4043.98" | 42.80+3.41%| 20.80+1.30 | 6.41+£0.05 | 981.80+25.26° 52.10£0.77*
TEY 0.25RJ | 50.00+3.33% | 43.90+4.43¢ | 49.10+3.05* | 19.70+2.34 | 6.46+0.04 | 1034.00£37.06" | 50.90+ 0.82®
P 0.000%** 0.000%** 0.000%** 0.424° 0.736° 0.000%** 0.000%**
TSL Control | 44.50+1.89* | 47.9043.27° | 41.804+2.16* | 20.60+1.74 | 6.46+0.04 | 1165.10+£26.39* | 49.30 + 1.22°
TSL IRJ | 15.50+2.41¢ | 74.80+3.42% | 16.30+1.60° | 21.30+2.53 | 6.45+0.03 | 907.70+42.79¢ 42.50 £ 1.42¢
TSL 0.75RJ | 29.50+3.11° | 60.60+3.53" | 28.10+2.22° | 19.30+1.93 | 6.47+0.04 | 1004.40+34.18° | 51.50 +1.73°
TSL 0.50RJ | 47.50+3.44* | 46.50+4.21° | 48.1043.13% | 19.2041.22 | 6.49+0.03 | 1037.90+£27.77" | 57.30 + 1.85°
TSL 0.25RJ | 47.00+3.09* | 44.20+3.96° | 47.90+3.81% | 18.40+1.18 | 6.43+0.04 | 1122.20423.89*® | 52.00 +0.93°
P 0.000%** 0.000%** 0.000%** 0.789- 0.816 0.000%** 0.000""

P>0.05, *: P<0.05, **: P<0.01, ***: P<0.001
a,b,c: Differences between means with different letters in the same column are significant.

Table 6: Intergroup spermatological values obtained post-thawing in TEY and TSL extender groups (Mean =+ Std. Error)

Groups TEY Control TSL Control P TEY IRJ
Motility (%) 47.00£3.67  44.50+1.89  0.552°  21.50+3.58
Dead Sptz (%) 48.30+3.71 47.90+£3.27 0936 69.50+3.15
HOS Test (%) 46.80+2.67  41.80+2.16  0.162°  22.20+2.46
Abnormal (%) 18.20+1.88 20.60+1.74  0.362° 22.20+2.37
pH 6.42+0.06 6.46+0.04  0.556°  6.36+0.05

0.807"
0.314-

Osmolality (mOsm/kg) 1153.00£40.92 1165.10+26.39

Intact Acrosome (%) 50.90+0.95 4930+ 1.22

TSL 1RJ P
15.50+2.41
74.80+3.42
16.30+1.60
21.30+2.53
6.45+0.03

847.30+27.28 907.70+42.79 0.249
4220+2.00 42.50+1.42 0.904

0.181
0.269
0.059
0.798
0.154-

TEY 0.75RJ  TSL 0.75RJ P  TEYO0.50RJ TSLO0.50RJ P TEYO0.25RJ TSLO0.25RJ P
35.50£3.45  29.50+3.11  0.213° 41.00£3.79  47.50+3.44 0.220° 50.00+£3.33  47.00+3.09 0.518"
57.30+4.01 60.60+£3.53  0.545 51.40+3.98  46.50+4.21 0.408 43.90+4.43  44.20+3.96 0.960
37.60£2.68  28.10+2.22  0.014% 42.80+3.41 48.10+3.13 0.267 49.10+3.05  47.90+3.81 0.808"
17.60£1.23 19.30£1.93  0.467- 20.80+1.30  19.20£1.22 0.381" 19.70+2.34 18.40£1.18  0.625°

6.44+0.06 6.47£0.04  0.699" 6.41+0.05 6.49+0.03  0.195  6.46+0.04 6.43+0.04  0.600
- 937.50+27.76 1004.40+34.18 0.146° 981.80+25.26 1037.90+27.77 0.152° 1034.00+37.06 1122.20+23.89 0.061
48.10+1.27 51.50+1.73 0.131° 52.10+0.77 57.30+ 1.85 0.018* 50.90+0.82 52.00+0.93 0.388

*: P<0.05, The difference between groups is statistically significant.
P>0.05, The difference between groups is statistically insignificant.

Table 7: Pregnancy rates in Control, 0.50% and 0.25% RJ supplemented groups

Parameters TEY TEY TEY  Pearson Chi- TSL TSL TSL Pearson Chi-
Control 0.50RJ 0.25RJ Square Test Control 0.50RJ  0.25RJ  Square Test

Pregnancy Rate %44 %44 %64 0.264" %60 %72 %68 0.657-

(Day 21, %) (11/25)  (11/25)  (16/25) (15725)  (18/25)  (17/25)

Pregnancy Rate %36 %32 %44 0.671- %24 %28 %48 0.156

(Day 50, %) (9/25) (8/25)  (11/25) ) (6/25) (7/25) (12/25) )

P>0.05, The difference between groups is statistically insignificant.

Table 8: Intergroup pregnancy rates in TEY and TSL extender groups

Parameters TEY TSL  Pearson Chi- TEY TSL Pearson Chi- TEY TSL Pearson Chi-
Control Control Square Test 0.50RJ 0.50RJ Square Test 0.25RJ 0.25RJ Square Test
Pregnancy Rate %44 %60 . %44 %72 " %64 %68 .
(Day 21, %) (11/25) (15/25) 0.258 (11/25) (18/25) 0.045 (16/25) (17/25) 0.765
Pregnancy Rate %36 %24 . %32 %28 . %44 %48 .
(Day 50, %) 025y 625 "BV wns ansy Y qins) as) %777

*: P<0.05, The difference between groups is statistically significant.
"P>0.05, The difference between groups is statistically insignificant.

DISCUSSION

Yodmingkwan et al., 2016).

The data are consistent with studies reporting that

the quality of sperm diluted TEY and TSL extend-
ers were similar after dilution, cooling, and freez-
ing-thawing in control groups (Akhter et al., 2010;
Bhai et al., 2015; Forouzanfar et al., 2010; Salmani
et al., 2014; Sari6zkan et al., 2010; Sun et al., 2020;

El-Sherbiny (2013) reported that low concentra-
tions of RJ at 5°C reduced morphological abnormal
and dead spermatozoa rates and increased motili-
ty in TEY extender in rabbits. Moradi et al. (2013)
researched the effect of adding RJ at different rates
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to the TEY extender in rams and low concentrations
of RJ had an affirmative influence on motility and
membrane integrity at 4°C. Raeesi Dehkohneh et al.
(2017) noticed that the low levels of royal jelly im-
proved sperm motility during liquid storage in Ara-
bi ram (Raeesi Dehkohneh et al., 2017). Iljenkaite et
al. (2020) showed that motility was reduced at high
doses of royal jelly supplementation and there was no
positive influence in terms of viability in boar. Sim-
ilarly, in our previous research, the addition of high
doses of RJ to the extender negatively affects motility,
membrane integrity, and viability. It is thought that
as the dose of RJ added to the extender is increased,
it may have a pro-oxidant effect and may cause ad-
verse effects by reacting with some reactive oxygen
species required for optimal cell functions (Iljenkaite
et al., 2020). Amini et al. (2019) showed that the ad-
dition of the lyophilized RJ into the TEY extender
improved quality during the chilling and cryopreser-
vation process in rams, especially 3% RJ, but 5% RJ
in the TEY extender was found harmful to motility,
membrane integrity, and viability during long-term.
It was similar to the spermatological quality analyses
in our study; high RJ doses were more detrimental
compared to low and average concentrations among
the experimental groups. El-Sheshtawy (2020) deter-
mined that the quality of chilled semen increased with
the low addition of royal jelly in TEY extender, but
decreased at high doses in buffalo. Also, El-Shesht-
awy (2020) reported that the quality of frozen sperm
improved with low doses of RJ supplementation, but
decreased at high doses. In our study results were
similar. It was shown that high levels of RJ addition to
the extender have importantly diminished the rooster
sperm quality compared to low levels of RJ and the
control groups (Hadavand Mirzaei et al., 2021). Alcay
et al. (2019) stated that high RJ addition decreased
spermatozoa motility while low concentrations of RJ
(1 and 2%) increased motility and membrane integrity
during semen cryopreservation in honey bees. In our
study, motility and membrane integrity decreased in
increased doses of royal jelly and these results were
in harmony with Alcay et al. (2019).

Kaleem et al. (2017) reported that the supple-
mentation of 1% RJ in extenders improved motility,
viability, and plasma membrane integrity in bucks
after cryopreservation (Kaleem et al., 2017). Jafari
and Atarchi (2008) investigated the effect of adding
royal jelly to TEY extender (1, 2, 3, 4, and 5%) on
sperm parameters in refrigerated and thawed sperm in
rams, and recorded the highest viability and motility

values were in 4% and 5% of royal jelly concentra-
tion. These results were not compatible with our data.
Saberivand et. al. (2021) investigated the impact of
RJ with glycerol and dimethyl sulfoxide for long time
preservation and after the freeze-thaw process, mod-
erate concentrations of RJ were found satisfactory in
Romanov rams (Saberivand et al., 2021). In our study,
it was determined that the addition of RJ in the ex-
tenders decreased membrane integrity, viability, and
motility depending on the dose of royal jelly. It re-
ported that the results may be different regarding the
animal species, the composition of the extender, the
dose, and the source of royal jelly (Amini et al., 2019;
El-Sherbiny, 2013; Jafari and Atarchi, 2008; Mora-
di et al., 2013). Abd-Allah (2010) reported that the
motility, viability, and acrosome integrity were im-
proved with a high concentration of RJ (0.4%) during
post-thaw incubation in the TRIS extender in bovine
(Abd-Allah, 2010). In terms of both fertility and
sperm quality, the results are contradictory. Moham-
madian et al. (2016) evaluated the influence of adding
RJ to the extender at different rates (0.5, 1, 1.5, and
2%) in Mahabadi bucks after freezing, and noted that
motility and viability were improved after adding 1%
of RJ. In our study, control groups had similar motil-
ity with low royal jelly concentrations, but high con-
centrations of royal jelly were harmful. It is thought
that high doses of royal jelly may reduce the motility
by negatively affect to osmolality and pH, while low
doses were considered safer (Mohammadian et al.,
2016). Masluchah and Ducha (2021) investigated the
effects of RJ addition (0, 1, 2, and 3%) into a soya-
based extender on the motility and viability during
the equilibration, and 3% RJ had a great protective
impact in Boer bucks (Masluchah and Ducha, 2021).
In our previous study, the supplementation of medium
and high doses of RJ in the TEY extender had a pro-
tective effect on motility and plasma membrane integ-
rity while after liquid storage at 4°C. RJ supplemen-
tation was unsuccessful in the TSL extender (Cetin
et al., 2020). The current study demonstrated that the
external addition of excessive RJ in extender may be
a cause of sperm quality loss by occurring antioxidant
imbalance in Damascus goats supplemented with 1%
RJ. Additionally, significant osmolality changes were
detected in diluted and chilled semen in TEY and TSL
extender groups, depending on the addition of royal
jelly. Abd-Allah (2012) notified that RJ added to the
fertilization medium provides an improvement in mo-
tility and acrosomal integrity in buffaloes spermato-
zoa. Similar to our study, the ratio of intact acrosomes
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in the TSL-0.50RJ added group was superior to the
control group, but the improvement of acrosome in-
tegrity was not mirrored by conception rates. It has
been declared that insulin-like growth factor-1 in
royal jelly provides the stability of the spermatozo-
on membrane (Abd-Allah, 2010). The physiological
effects of 10-hydroxy-2-decanoic acid, amino acids,
and vitamins may be linked to a protective effect on
the membrane during the storage (Toker et al., 2016).
Also, RJ is very important for cell membranes and
has antioxidative activity, and hydroxyl radical scav-
enging (Bansal and Bilaspuri, 2011; Guo et al., 2008).
Shahzad et al. (2016) noted that the addition of RJ at
lower doses (0.1%) in TEY extender in Nili-Ravi buf-
faloes enhanced viability, plasma membrane integrity,
acrosome integrity, progressive motility, viability but
after freezing and thawing the high concentration of
RJ had no influence on sperm quality. According to
Atalla et al. (2019), the addition of 0.5% RJ enhanced
plasma membrane integrity, in contrast, 1 and 2% of
RJ had harmful effects on the post-thawing medium
in rams. It reported that the increased royal jelly may
cause biochemical changes in the semen extender
and may damage spermatozoa by changing the bio-
chemical pathways that have protective effects on the
membrane (Amini et al., 2019; Moradi et al., 2013;
Shahzad et al., 2016). Alcay et al. (2017) noted that
the addition of 0.50% and 0.75% RJ in TSL extender
had higher quality in terms of motility, membrane in-
tegrity, and acrosome damage in bucks after thawing.
In the current study, high intact acrosome was found
in TSL-0.50RJ but motility and membrane integrity
values were indistinguishable from the control (Alcay
et al., 2017). Arboud et al. (2021) reported that the
supplementation of 0.05, 0.1% RJ in TRIS extender
enhanced motility, membrane, and acrosome integrity
after chilled and post-thawed in bulls. Optimum royal
jelly supplementation may be variable due to the spe-
cies-specific membrane structure and seminal plasma
content. It has been noted that the addition of high RJ
concentrations to extenders may have deleterious ef-
fects on the quality of spermatozoa by causing chang-
es such as residue, increase in viscosity, and decrease
in osmotic pressure. It is thought that royal jelly add-
ed in high doses may cause spermatozoa damage due
to imbalances in the redox reaction and excessive use
of antioxidants may lead to oxidative stress (Gawish
etal., 2016; Moradi et al., 2013).

It was noted that the conception rate of goats rang-
es from 30 to 70% when frozen-thawed sperm is uti-
lized for Al (Kharche et al., 2013). The pregnancy

rates in our study were higher compared to some re-
searchers (Kajaysri and Thammakarn, 2012) or lower
(Al-Faruque et al., 2007; Batista et al., 2009; Dorado
et al., 2007; Fathi et al., 2019; Kharche et al., 2013;
Yotov et al., 2016). Sariozkan et al. (2010) in Ankara
goats and Masoudi et al. (2016) reported similar preg-
nancy rates at the TEY and TSL extenders in rams
with frozen and thawed semen. In our study, it was no
variance between extender groups in terms of preg-
nancy rate statistics. Makawi et al. (2014) in ewes
and Khalifa (2015) in goats reported higher pregnan-
cy rates in TSL extenders. The data differ from our
results. The differences between the results may be
different depending on the animal species, breed, age,
season, semen extenders, freezing technique, estrus
synchronization protocol, time and number of artifi-
cial inseminations, and body condition score (Leboeuf
et al., 2000; Martemucci and D’Alessandro, 2011;
Molina et al., 2012; Nunes and Salgueiro, 2011).

There is no information about the effect of RJ en-
riched semen extender on pregnancy rates in goats.
In our study, no variance was detected between the
RJ-supplemented groups and the control groups in
terms of fertility parameters. Shahzad et al. (2016)
noted that embryo cleavage and pregnancy advanced
with the addition of 0.1% RJ in extender in buffalos.
El-Sheshtawy (2020) added royal jelly at different
rates to TEY extender in buffalo (0.05, 0.1, 0.2, 0.3,
and 0.4), and inseminated after freezing-thawing.
The conception rate was found high in 0.05, 0.1, and
0.2% RIJ added groups. Arboud et al. (2021) report-
ed that a higher conception rate of RJ-treated semen
after artificial insemination (0.05, 0.1%) compared
to control in cows. However, this effect is concentra-
tion-dependent and higher concentrations of RJ were
detrimental to fertilizing ability. Gimenez-Diaz et al
(2012) concluded that higher conception rates were
observed in ewes given 300 IU equine chorionic go-
nadotropin (eCG) combined with 500 mg RJ compare
to only the eCG group at sponge removal. Abd-Allah
(2012) showed that the in vitro fertilizing capacity
of cryopreserved sperm could be improved by 0.4%
RJ in combination with heparin in buffaloes. Some
researchers showed that the addition of RJ improved
the fertilization rate and embryonic development in
sheep (Eshtiyaghi et al., 2016; Valiollahpoor Amiri
et al., 2016). Veshkini et al. (2018) evaluated the RJ
supplement in the oocyte maturation medium at 2.5,
5, and 10 mg/mL concentrations and concluded that
5 mg/mL RJ supplementation improved embryonic
development in goats. All these researches were not
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compatible with the current study.

There was no other study examining the effect of
adding RJ to the extender on fertility in goats. It is
considered that the difference between the 50" and
21% days pregnancy rates may be related to false-pos-
itive pregnancy diagnosis in the progesterone level on
the 21 day, but also as a consequence of early embry-
onic death, cystic ovary, hydrometra, and pyometra
(Fatet et al., 2011; Youngquist and Threlfall, 2006).
During equilibration, the addition of cryoprotectant
to the diluent and the freezing process changes the
osmolality, and thus long-term storage of the cell is
achieved.

In conclusion, our results show that the high rate
(1%) of RJ addition in TEY and TSL extenders in Da-
mascus bucks had adversely affected the semen qual-
ity while the low rates (0.25 and 0.50%) did not have
any negative effects after dilution, chilling, equilibra-
tion, and freeze-thawing. It was concluded that stud-
ies should be conducted to interpret the impacts of
different compositions of TEY or TSL extenders with
low RJ additions on cryopreservation and fertility.

More research is needed to test low RJ concentrations
in goats to find the best effect on semen qualities and
fertility.
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