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Effects of the addition of flower honey and pine honey to extenders on
spermatological characteristics in ram semen

H. Yiiksel'®, A. Eser>*®, R. Ar1c13®, S. Yagcmglu-”@, K. AK®
'Graduate Education Institute, Istanbul University-Cerrahpasa, Avcilar, Istanbul, Turkey
’Department of Reproduction and Artificial Insemination, Faculty of Veterinary Medicine, Siirt University, Siirt, Turkey

3Department of Reproduction and Artificial Insemination, Faculty of Veterinary Medicine, Istanbul University-
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ABSTRACT: In the current study, the effectiveness of flower and pine honey added to the semen extender at dif-
ferent proportions in freezing ram semen was investigated. Semen samples were collected from 5 Kivircik rams by
electroejaculation method. Semen samples were pooled and divided into five equal fractions to form the study groups
(FH1.0: 1.0% flower honey (v/v); FH2.5:2.5% flower honey (v/v); PH1.0: 1.0% pine honey (v/v); PH2.5: 2.5% pine
honey (v/v); control: no honey addition). The semen samples were diluted with Tris-egg yolk-based semen extenders
containing flower and pine honey at different rates. After cooling to 5°C and equilibration at the same temperature for
1 hour, samples were frozen in liquid nitrogen vapor and stored in liquid nitrogen. During the post-equilibration period,
total motility, progressive motility, velocity, and kinetic movement parameters were determined by computer-assisted
sperm analysis (CASA) method. Acrosomal and total morphological damage rates were determined by phase contrast
microscopy. After thawing, CASA and morphological damage assessments were repeated, sperm viability, mitochon-
drial activity, plasma membrane integrity and acrosomal integrity were also examined by flow cytometry. The study
was repeated ten times.

Comparing with the control group, morphological damage rates were lower in all groups containing honey after equil-
ibration (p < 0.05). On the other hand, 1.0% (v/v) flower honey added to the semen extender reduced the rate of
acrosomal damage (phase-contrastmicroscopy examination) and damaged membrane ratio (florescent microscopy ex-
amination) (p < 0.05). Meantime, 2.5% (v/v) flower honey increased the rate of viable spermatozoa (p < 0.05), the
rate of spermatozoa with high mitochondrial activity (p < 0.05) and successfully preserved plasma membrane integrity
(florescent microscopy examination) after thawing (p < 0.05).

It is concluded at the end of the study that, addition of flower honey to extender could be used in cryopreservation of
ram semen. Especially the adding of flower honey at the rate of 2.5% (v/v) is recommended for freezing ram semen.
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INTRODUCTION

he stages of cryopreservation, particularly freez-

ing and thawing processes, have deleterious ef-
fects on spermatozoa (Watson, 2000). Especially, ram
spermatozoa are very sensitive to temperature chang-
es during the cryopreservation stages due to high ratio
of unsaturated/saturated fatty acids (Bacinoglu et al.,
2007; Valente et al., 2010) and a low molar ratio of
cholesterol/phospholipids (Motamedi-Mojdehi et al.,
2014) in their plasma membranes. Researchers agree
that, species-specific semen extenders and freez-
ing protocols should be developed to minimize the
factors that adversely affect the potential fertility of
spermatozoa due to cryopreservation stages and/or to
increase the resistance of spermatozoa from the afore-
mentioned damages (Salamon & Maxwell, 2000). Up
to this point, many ram semen extender compositions
have been produced, and new ingredients are being
studied. However, pregnancy rates obtained with fro-
zen-thawed semen in sheep are not comparable with
fresh semen (Ozmen et al., 2020). For this reason,
intensive studies are carried out on developing spe-
cies-specific extenders for freezing ram semen (Aisen
et al., 2000).

Semen extenders used in cryopreservation should
be able to provide necessary conditions for continuity
of the metabolic functions in spermatozoa, maintain
the pH and osmotic pressure balance of extracellular
environment, reduce cryogenic damage, and control
the development of reactive oxygen species and bac-
terial contamination (Yimer et al., 2015). It is known
that honey contains high amounts of simple sugars
(Fuller, 2004). By adding honey to the extender, these
sugars can be used as an energy source for spermato-
zoa. They can reduce the harmful effects of freezing
by acting as a non-penetrating cryoprotectant (Yimer
et al., 2015). In addition, honey has antibacterial ac-
tivity (Kwakman & Zaat, 2012) and contains many
antioxidant compounds such as chrysin, vitamin C,
catalase, pinobanksin, and pinocembrin (Bogdan-
ov et al., 2008; Fakhrildin & Alsaadi, 2014). Stud-
ies conducted by adding various types of honey to
semen extenders have shown that honey preserves
spermatological values in humans (Fakhrildin & Al-
saadi, 2014; Abdullah et al., 2015), buck (Maidin et
al., 2018), fish (Ogretmen& inanan, 2014; Arif et al.,
2023), ram (Jerez-Ebensperger et al., 2015; Khatun
et al., 2022), bull (EI-Sheshtawy et al., 2014; Yimer
at al., 2015), stallion (El-Sheshtawy et al., 2016) and
boar (Balogun et al., 2023) semen.

The physicochemical structure of honey changes
depending on the water content, the type of flora from
where it is produced, the temperature, and the ratio
of sugars it contains (Fakhrildin et al., 2014).In na-
ture,production of pine honey is different from flower
honey.The primary source of pine honey is an insect
called Marchalina hellenica, which lives on Pinus
brutia (Turkish red pine) (Akbulut et al., 2009; Ozkdk
et al., 2016). These insects use the essential nutrients
in the plants sugar solution and discard the remainder.
Bees use this residual material in honey production
(Ozkék et al., 2016).

Compared to classical flower honey, pine honey
contains higher amounts of oligosaccharides such
as melezitose and raffinose (Bogdanov et al., 2008)
and phenolic compounds with antioxidant proper-
ties (Ouchemoukh et al., 2007; Akbulut et al., 2009;
Ozkok et al., 2016). To our knowledge, there is no
study to determine the effectiveness of pine honey
in cryopreservation of ram semen. The present study
aimed to comparatively determine the effects of add-
ing flower and pine honey in different concentrations
(1.0% and 2.5%) to media in freezing of Kivircik ram
semen on spermatological parameters.

MATERIALS AND METHODS

Necessary permission was obtained for this study
from the Istanbul University Animal Experiments Lo-
cal Ethics Committee (13.11.2017-425005)

Preparation of extenders

Chemicals, except the honey samples were pur-
chased from Sigma Chemical Co. (Saint Louis, MO).
Commercial flower (batch number: BPC17.0075,
Balparmak®) and pine honeys (batch number:
BPC17.0021, Balparmak®) were used in this study.
A tris-egg yolk diluent (tris 27.1 g/1, fructose 10 g/l,
citric acid 14 g/1, egg yolk 15%, pH 6,8) was used as
the base sperm extender (Cirit et al., 2013).Extenders
were prepared by adding various amounts of flower
and pine honey to the 4 study groups as follows: Tris-
egg yolk (control), FHI1.0 (1.0% flower honey, v/v),
FH2.5 (2.5% flower honey, v/v), PH1.0 (1.0% pine
honey, v/v) and PH2.5 (2.5% pine honey, v/v).

Semen collection and dilution

This study was performed outside of the breeding
season (April-June). Two to five years old Kivircik
rams (n=5) were hosted at the Faculty of Veterinary
Medicine in Istanbul University-Cerrahpasa (28°S,
41°W) and kept under standard environmental, man-
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agement, and nutritional programs throughout the
study. Semen samples were collected by an elec-
tro-ejaculator (P-T Electronics, Model 302, Boring,
Oregon, USA). The ejaculate of each ram was exam-
ined individually, and only good quality (volume: >
0.5 ml; mass motility: > 4; motility: > 70%; sperm
concentration: > 2x10°ml) samples were pooled to
eliminate individual differences (Cirit et al., 2013).
Sperm motion parameters of the pooled semen sam-
ple were then evaluated by a computer-assisted se-
men analysis system (CASA 12.3 IVOS, Hamilton
- Thorne Biosciences, Beverly, MA, USA; Amann &
Waberski, 2014). The pooled semen sample was di-
vided into five equal parts (study groups) and diluted
with five different extenders.

Dilution of semen was carried out in two steps (with
fractions A and B), and fraction B extender containing
10% glycerol was added in the second step (Ak et al.,
2010). The pooled semen was diluted gradually with
fraction A (without glycerol) to a final concentration
of 400x10° motile sperm/ml in a water bath at +26°C.
Then, extended semen samples were cooled to +5°C
with 0.3°C/min cooling rate by controlled rate freezer
(Bio-cool III). At the same temperature, dilution with
the fraction B extender (glycerolization) was carried
out slowly by addition of 10%, 20%, 30%, and 40%
of the extender at 8 min intervals (Cirit et al., 2013).

As a result of the dilution of the semen groups, the
final sperm concentration was 200x10° spermatozoa/
ml and contained 5% glycerol. After equilibration at
5°C for 1 hour, sperm motility and kinetic velocity
parameters were evaluated by CASA, and sperm mor-
phology was examined under a phase-contrast micro-
scope using 100x objective (Olympus, BX51). Dilut-
ed semen samples were packaged in 0.25 ml straws
and frozen in nitrogen vapor. The straws were then
immersed in liquid nitrogen and stored in containers
until spermatological examinations (Ak et al., 2010).

Spermatological examinations
Computer-assisted semen analysis (CASA)

The pooling (for individual evaluation), equilibra-
tion, and post-thaw sperm motility (total and progres-
sive motility), velocity (rapid, slow, medium, static
sperm rates), and kinetic motion parameters (VAP,
VSL, VCL) of the sperm samples were analyzed with
CASA system. Before the examinations, the standard
values specified for ram semen were defined in the
CASA system (Demir et al., 2015). To examine the

pooled semen sample, semen was diluted with a Tris-
egg yolk extender at a ratio of 1:40 (v/v).

In CASA examinations after thawing,two random-
ly selected frozen straws for each group were thawed
in a 37°C water bath for 30 sec and pooled. A 3 ul
sample was placed onto a 37°C pre-heated 10-pm-
deep Makler counting chamber (Sefi-Medical Instru-
ments, Haifa, Israel). At least six fields were scanned,
and the motion characteristics of approximately 600-
800 spermatozoa were evaluated.

Assessment of morphological integrity

Morphological integrity assessment with the Han-
cock fixation technique was used after equilibration
and post-thaw period. Ten pl of semen sample was
added slowly into 100 pl of Hancock fixation solu-
tion. Three pl of the sample was taken, placed on a
microscope slide, and covered by a cover slip. The
evaluation was carried out by determining the ac-
rosome and total damage (acrosome, head, middle
piece, and tail of sperm) ratios of 200 sperm cells at
1000x magnification by phase-contrast microscope
(Oztiirkler et., 2001; Bacinoglu et al., 2008).

Assessment of acrosomal integrity by flow cytom-
etry

The sperm acrosomal integrity status of the viable
population was assessed using a combination of flu-
orescein isothiocyanate conjugated to Arachis hypo-
gaea (peanut) (FITC-PNA) and propidium iodide (PI)
fluorescence probes as described previously by Mar-
co-Jiménez et al. (2005), with modifications. Briefly,
0.5 ml post-thawed semen was diluted to 5-10x10° ml!
with Tris base solution, 2 pl of FITC-PNA (100 pg ml
solution in saline solution), 200 pl Tris base solution,
and 2 pl PI (0.5 mg ml™ solution in distilled water) was
added to 100 pl of diluted sperm. Samples were incu-
bated at room temperature in a dark room for 10 min.
The measurement was performed by evaluating 5000
spermatozoa in 519 nm, and 590 nm emission ranges in
flow cytometry (Guava EasyCte™, Guava® Technol-
ogies, Hayward CA, USA). Sperm cells that did not
receive FITC-PNA and PI stains, in other words, did
not show green or red fluorescent reflections, were con-
sidered viable sperm with intact acrosome membranes.

Assessment of plasma membrane integrity

This assessment was performed using the carboxy-
fluorescein diacetate - propidium iodide (CFDA-PI)
staining protocol with fluorescent microscopy and
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flow cytometry.

In the evaluation with a fluorescent microscope,
CFDA-PI staining protocol was modified by Camara
et al. (2011). For each group, 5 pl of CFDA (0.46 mg/
ml stock) and 20 pl of PI (0.5 mg/ml stock) stains were
added into 50 pl of thawed semen, respectively. The
sample was mixed gently and incubated for 5 min in
the dark at room temperature. Then, 10 pl of Hancock
solution was added to stop sperm motions. A sample of
Sul was placed on a microscope slide and covered by
a cover slip. A total of 300 sperm cells were examined
using a fluorescence microscope (Eclipse Ni-U, Nikon,
Tokyo, Japan; excitation at 485/20 nm and emission at
580-630 nm) at 400x magnification to assess the sperm
cell membrane integrity. It was accepted that the mem-
branes of sperm cells reflecting green-red or red color
were damaged, while green coloration was considered
as an indication of an intact membrane.

The method developed for determining sperm
membrane integrity rate using flow cytometry was
modified from the staining protocol of Cémara et al.
(2011). Thawed semen was diluted with Tris buffer
solution to be 50 x 10¢ sperm/ml. The volume of 0.5
ul of CFDA (0.46 mg/ml stock), 0.5 ul of PI (0.5 mg/
ml stock), and 200 pl of Tris buffer solution were add-
ed to 100 pl of diluted semen in the dark. Analysis
was performed by counting at least 5000 sperm cells
in the excitation range of 519 nm-630 nm in flow cy-
tometry (Guava EasyCte™, Guava® Technologies,
Hayward, CA, USA). Sperms with green fluorescent
reflection (receiving CFDA) but not red fluorescent
reflection (receiving PI) were considered “viable and
with an intact membrane (CFDA +, PI -)”.

Evaluation of sperm mitochondrial activity

Sperm mitochondrial activity was measured using
5,50,6,60-tetrachloro-1,10,3,30-tetracthyl benzimid-
azolyl-carbocyanine iodide (JC-1) staining protocol.
Two straws were randomly selected for each group.
After thawing, the semen samples were pooledina 1.5
ml microcentrifuge tube and diluted with Tris-based
buffer solution to 50 x 10¢ spermatozoa per milliliter.
A hundred pl of the sample was diluted with 200 pul
of Tris-based buffer, and 0.5 pl of JC-1 stock solution
(3 mM JC-1 in DMSO) was added. Stained semen
samples were incubated for 40 min in a water bath ad-
justed to 38°C (Gillan et al., 2005). At the end of the
period, 300 pl of the sample was taken and transferred
to 96-well microplates for analysis in flow cytometry
(Guava EasyCte™, Guava®). Sperms with orange flu-

orescent reflection were considered as having “high
mitochondrial membrane potential (hMMP)”.

Examination of sperm viability

The viability of spermatozoa cells from cryopre-
served semen was assessed using the Muse® Count
and Viability Kit (EMD Millipore). Analysis was
performed according to the manufacturer’s described
protocol. Briefly, 0.5 ml of semen was diluted 1:1
with Tris-buffered medium. Then, 380 ul of the kit
solution was added to 20 ul of diluted semen. After 5
min of incubation in the dark, the viability percentage
was determined by flow cytometry analysis.

Statistical analysis

The study was repeated ten times. All data obtained
from the study were analyzed by “One-way Analy-
sis of Variance” (ANOVA), followed by “Duncan’s
Multiple Range Test” to determine significant differ-
ences in all the spermatological parameters among all
groups, with SPSS Version 13.0 for Windows (SPSS
Inc., Chicago, IL, USA). The results were represented
as mean =+ standard error. Differences with values of p
<0.05 were regarded as statistically significant.

RESULTS

Total motility, progressive motility, velocity, and
kinetic motion parameters determined before freez-
ing are shown in Table 1. There was no statistical
difference between the groups in terms of post-equil-
ibration motility and progressive motility (p > 0.05).
Rapid spermatozoa rates were highest in the control
group with 76.30+2.98% and lowest in PH2.5 with
61.00+4.60%. The percentage of rapid spermatozoa
was higher in the control group compared to the FH2.5
and PH2.5 groups (p < 0.05). The percentage of medi-
um-speed spermatozoa was the lowest in the control
group, with 16.90+2.50%, and the highest value was
obtained in the PH2.5 with 29.004+3.40%. Slow sper-
matozoon rates did not differ between the groups. Im-
motile spermatozoa ratios were lowest in the FH1.0
and highest in the FH2.5 group. After equilibration, it
was determined that the groups with the lowest VAP
value were FH2.5 and PH2.5, which were the groups
containing the highest percentage of honey. The high-
est VSL value was found in the PH1.0 group and the
lowest in the PH2.5 group. The lowest VCL values
were found in the groups diluted with extenders with
high honey content (FH2.5 and PH2.5; p < 0.05).

Table 2 summarizes the rates of acrosomal and
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total morphological defects in the groups. The per-
centage of acrosomal defects was statistically similar
in all groups (p > 0.05). The highest value in total
morphological defects was found in the control group
with 24.40 = 2.62% (p < 0.05).

The control and study groups were similar in total
and progressive motility percentages after thawing (p
> (.05). The rates of immotile and rapid spermatozoa
were similar in all groups (p > 0.05). The difference
between FH2.5 and PH1.0 groups was significant
in the slow spermatozoa rate (p < 0.05). The high-
est percentage of spermatozoa with medium velocity
was found in the FH2.5 and PH2.5 groups, while the
lowest rates were obtained in the FH1.0 and control
groups. In the kinetic motion parameters after thaw-
ing, the values in the FH2.5 and PH2.5 groups con-

taining dense honey were lower than in the control
and other experimental groups (Table 3).

The results of the examinations carried out with
flow cytometry, fluorescence, and phase-contrast mi-
croscope after thawing are presented in Table 4. The
group with the highest rate of viable spermatozoa was
FH2.5 with 49.58 + 3.57%, while the lowest rate was
obtained in the control group with 35.22 + 3.58% (p
< 0.05). It was determined that the dilution of semen
with an extender containing 2.5% flower honey in-
creased the number of spermatozoa with high mito-
chondrial activity after thawing (p < 0.05). According
to the result of flow cytometry analysis, the ratios of
1% and 2.5% of flower honey or pine honey added to
the semen extender did not have a positive or nega-
tive effect on the cell membrane integrity and acro-

Table 1. Total motility (%), progressive motility (%), velocity (%) and kinetic motion parameters (pm/sec) determined by CASA after

equilibration.
After equilibration
Groups Motility (%) Velocity (%) Kinetic motion parameters (um/sec)
Total Progressive Rapid Medium Slow Static VAP VSL VCL

Control 93.20 + 1.47 42.80+4.72 76.30+2.98* 16.90+2.50° 3.30+0.88 3.30+1.05" 134.88+5.05* 101.81 +4.75"® 234.45+ 10.46°
FH1.0 94.90+0.93 45.10 +3.27 74.90 +2.92® 20.00 +2.57* 3.00+0.49 2.00+0.49* 128.81 +4.31*° 100.35+3.89% 214.28 +9.31°
FH2.5 90.80+1.56 44.10 +4.00 65.30 +3.36* 25.60+2.86" 3.80+0.64 5.60+1.17* 111.52+£3.95° 89.29 +4.52% 184.69 £ 7.09°
PH1.0 92.60+2.02 46.30+3.67 74.50 +£2.25" 18.10+2.41* 3.00+0.59 4.40+1.82® 133.63+543* 105.75+6.11°  220.64 +9.85°
PH2.5 90.00+2.33 42.80+5.65 61.00+4.60° 29.00+3.40° 4.70+0.93 5.50+ 1.54® 106.16 +5.81° 85.25+591¢ 174.58 & 7.34°

Within columns, means with no common letters are different (**: p < 0.05)

Table 2. Percentages of acrosome and total morphological damage after equilibration.

After equilibration
Groups Morphological defect (%)
Acrosome Total

Control 16.20£2.50 24.40+2.62°
FH1.0 10.30£1.96 18.20+1.97°
FH2.5 9.30£1.79 17.70+£2.120
PH1.0 9.80+2.12 15.50+2.09°
PH2.5 9.50+1.56 17.00+£1.530

Within columns, means with no common letters are different (**: p < 0.05)

Table 3. Post-thaw total motility (%), progressive motility (%), velocity (%) and kinetic motion parameters (pm/sec) determined by

CASA.
Post-thaw

Groups Motility (%) Velocity (%) Kinetic motion parameters (um/sec)

Total Progressive Rapid Medium Slow Static VAP VSL VCL
Control  63.30+6.92 28.70 +3.40 41.40+4.70 21.90+3.19* 11.30+ 1.01® 25.50+7.47 113.37 +4.48" 93.12+4.72* 187.25+ 6.40°
FH1.0 6570 £5.22 32.50+3.05 43.50+3.67 22.20+2.54> 12.10+1.12%®° 22.40+4.84 109.76 +£4.40" 92.20+5.06* 176.63 +4.56®
FH2.5 77.10+3.47 31.00+2.14 41.30£2.10 35.70+2.97*° 10.50+1.27° 12.50+2.32 91.08+3.54¢ 75.82+2.99" 148.03 +7.52¢
PH1.0 70.00 £2.44 29.50+2.99 39.50+3.40 30.50+3.82® 14.30+1.23* 1590+ 1.80 100.68 +5.57> 84.03 +5.38" 164.97 + 8.82"
PH2.5 71.40 +£3.38 27.00+1.59 37304237 34.10+3.32*° 1220+ 1.05° 16.40+2.97 91.85+£2.36° 76.17+2.26° 150.34 +5.51¢

Within columns, means with no common letters are different (**: p < 0.05)
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Table 4. Spermatological results obtained by flow cytometry and microscopic examinations in frozen-thawed semen.

Post-thaw
Microscopy
Flow-cytometry Florescent Phase-contrast
Groups microscopy microscopy
High Intact Plasma Percentage of Intact Plasma Acrosome Total
Viability (%) mitochondrial Membrane spermatozoa with Membrane defect (%) morphological

activity (%) Status (%) intact acrosomes (%) Status (%) ° defect (%)
Control 3522 +3.58° 53.29+3.71° 16.52 +4.11 26.75+2.13 34.89 +£1.08° 20.30 + 1.92¢ 30.20 +2.64
FH1.0 42.16 +£3.18® 60.41 £ 2.49% 18.40 +5.69 32.25+£3.33 4223 +£191° 13.60 £ 1.51° 25.60 +2.01
FH2.5 49.58 £3.57° 63.42 £3.12° 17.53 £5.59 32.34+£2.60 41.80 +£2.73¢ 15.20 +2.06 25.70 £2.21
PH1.0 4536 +£4.23® 61.17 £ 2.60® 1420+ 4.24 31.66 £2.91 38.15+£2.81%® 15.90 =+ 2.04% 28.30£2.26
PH2.5 46.89+4.97 61.35+3.15% 15.14+£5.24 34.35+2.84 40.10 £ 1.81* 16.10 £ 1.63* 26.50£2.15

Within columns, means with no common letters are different (**: p < 0.05)

some integrity rate after thawing in ram semen (p >
0.05). On the other hand, in fluorescent microscope
examination, groups containing flower honey (1.0%,
2.5%) were found to be more effective in preserving
membrane integrity compared to the control group (p
< 0.05). Morphological integrity examination with a
phase-contrast microscope revealed that the rate of
acrosome defect was lower in FH1.0 compared to
the control group (p < 0.05). Total morphological de-
fect rates did not change according to the groups (p
>0.05).

DISCUSSION

The stages of cryopreservation, particularly the
freezing and thawing process, have harmful effects
on spermatozoa. This process has led them to have
capacitation-like changes and affects the other sper-
matological parameters (Watson, 2000). This study
was carried out to determine and compare the success
of flower and pine honey, which has antioxidant, an-
tibacterial, and cryoprotectant properties, in freezing
ram semen. Total and progressive motility rates were
similar between the groups in the pre-freezing peri-
ods (Table 1). Different densities of flower and pine
honey did not affect the total and progressive motility
of spermatozoa after equilibration (5°C) of semen (p
> 0.05). It has been reported that the addition of hon-
ey to the extender has positive effects on spermato-
logical parameters, especially motility, in the storage
of cattle and buffalo bull semen at 5°C (EI-Shesht-
awy et al., 2014; El-Nattat et al., 2016). Maidin et al.
(2018) obtained successful motility results in cold
storage of goat semen when added 2% (v/v) honey
alone or combined with black seed oil to the extender.
Olayemi et al. (2011) investigated the effects of add-
ing 5, 10, and 20% honey to the extender on motility

and viability in goat semen stored at cold (5°C) and
reported that 5% honey preserved sperm motility and
viability. However, they reported that this positive ef-
fect decreased as the density of honey increased. On
the other hand, it was reported that different monosac-
charides and disaccharides added to the ram semen
extender did not influence motility after cooling (Pe-
lufo et al., 2015). Contrary to this study, in a study
with ram, it was reported that different percentages
of honey (1.5, 2.5 and 3.5%) added to the extender
increased sperm motility in the pre-freezing period
(Khatun et al., 2022). Arif et al., (2023) reported that
fish semen diluted with an extender containing 0.4%
honey improved motility as of the 24™ hour of cold
incubation (5°C). In this study, the difference in motil-
ity percentages between the groups after equilibration
may not have occurred statistically due to the short
equilibration period. Likewise, the differences in the
studies can be attributed to the animal species, breed,
diluent types, proportions of additives, dilution, and
cooling techniques.

Although it was determined that different densities
of flower and pine honey did not affect motility in this
study, differences were found in spermatozoon veloc-
ity values. Considering the velocity rates between the
groups after equilibration, it is noteworthy that the
spermatozoon velocity rates were relatively lower
in dense honey groups (FH2.5 and PH2.5) (Table 1).
Compared to the control group, the rapid spermato-
zoa rates were lower in the honey-containing groups,
and this decrease was more pronounced in the groups
containing dense honey (p < 0.05). The highest values
were obtained in the dense honey groups in the medi-
um-speed spermatozoa ratios. The decrease in the rate
of fast spermatozoa and the increase in the rate of me-
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dium-speed spermatozoa in dense honey groups can
be attributed to the osmolarity of the medium. Honey
is a very dense substance due to its natural structure,
which increases the osmotic pressure of the liquid it
contains. Spermatozoon velocities can vary according
to the media and especially the viscosity of the me-
dia (Amann, 1989; Jerez-Ebensperger et al., 2015).
Spermatozoon movements may be restricted due to
physical reasons in intense environments. Findings of
kinetic motion parameters also support this statement;
in all three (VAP, VSL, VCL) kinetic motion parame-
ters, fewer values are observed in dense honey groups
(Table 1).

After equilibration, the most severe acrosomal
damage was found in the control group, with 16.20 +
2.50%, ranging from 9.30 + 1.79% to 10.30 + 1.96%
in the other groups. Although the rate in the control
group is statistically insignificant, it is remarkable
(Table 2). The findings of acrosomal damage obtained
in pre-freezing period confirm the study of Khatun et
al. (2022).Likewise, the highest total morphological
damage rate was found in the control group, with
24.40 £2.72% (p < 0.05). This shows that the addition
of honey to semen extenders preserves the morpho-
logical integrity of spermatozoa during dilution, cool-
ing, glycerolization, and equilibration stages. It has
been reported that adding trehalose, a disaccharide, to
ram semen extenders has no effect on acrosome and
membrane integrity after cooling but is harmful at in-
creasing densities (Aisen et al., 2002). Pelufo et al.
(2015) reported that monosaccharides and disaccha-
rides added to the extender did not affect acrosome
integrity in ram spermatozoa after cooling, while glu-
cose was effective in maintaining membrane integri-
ty after cooling. The present study found that adding
1.0% and 2.5% flower and pine honey in the ram
semen extender protects the morphological integrity
against the harmful effects of the dilution and cool-
ing stages (Table 2). Total motility and progressive
motility values did not change between the groups
after thawing, as well as before freezing (Table 3). It
was determined that different ratios of flower and pine
honey did not affect sperm total motility and progres-
sive motility in the freezing of ram semen. In studies
conducted on different animal species, higher motility
rates were obtained after freezing with the addition of
various honey or sugar into the extenders (Aisen et
al., 2002; Jafaroghli et al., 2011; Jerez-Ebensperger
et al., 2015; Panyaboriban et al., 2015; El-Nattat et
al., 2016; El-Sheshtawy et al., 2016; Khatun et al.,
2022). Although there was no statistical difference

in our study, the total motility values obtained after
thawing support these studies (Table 3). On the other
hand, the highest rates of spermatozoa with medium
velocity were found in the groups with dense honey
added (p < 0.05). In all kinetic velocity parameters
(VAP, VSL, VCL), the rates detected in dense honey
groups were lower than the control group (p < 0.05).
This difference may also be due to the limited sperm
motion in dense media (Amann, 1989; Jerez-Eben-
sperger et al., 2015).

The lowest viability detected by flow cytometry
was found in the control group as 35.22 + 3.58%,
and the highest viability rate was 49.58% + 3.57 in
the 2.5% flower honey group (p < 0.05; Table 4). In
terms of mitochondrial activity rates, more successful
results were obtained in the group containing 2.5%
flower honey compared to the control group (p <0.05;
Table 4). It can be suggested by the findings that the
addition of honey to the extender partially contrib-
utes to the viability of the spermatozoon against the
harmful effects of freezing, and this contribution is
important in the addition of 2.5% flower honey. It has
been reported that sugars (fructose, fructose-sucrose,
fructose-trehalose, and sucrose-trehalose) positively
affect the viability of ram spermatozoa after thawing,
and even their combinations are more effective (Pany-
aboriban et al., 2015). El-Sheshtawy et al. (2016), in
their stallion study, reported that adding honey to the
extender had positive effects on viability after thaw-
ing. In ram semen frozen with extenders containing
different concentrations of raffinose, trehalose, and
sucrose, the viability values obtained after thawing
were significantly higher than in the control group
(Jafaroghli et al., 2011). It is known that there is a
positive correlation between mitochondrial activity
and motility (Mehdipour et al., 2017). Since energy
loss that may occur because of mitochondrial damage
will cause ATP deficiency, it leads to a decrease in
motility parameters after the freezing-thawing pro-
cesses (Medeiros et al., 2002). Maidin et al. (2018),
in their study on goat semen, reported that adding
honey to the extender reduces the formation of reac-
tive oxygen species caused by cooling, freezing, and
thawing processes and has curative effects on motili-
ty. The present study found that especially 2.5% flow-
er honey was effective in maintaining sperm viability
and mitochondrial activity (Table 4). When the three
examination techniques related to membrane integ-
rity are evaluated in general (florescent microscopy,
flow-cytometry, phase-contrast microscopy), it can
be said that flower honey is beneficial in preserving
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the membrane structure of ram spermatozoa. It was
stated that honey preserves membrane integrity after
thawing in buffalo (El-Nattat et al., 2016) and stallion
(El-Sheshtawy et al., 2016) semen. The positive effect
of adding rosemary honey to ram semen extender on
acrosomal integrity after thawing was reported (Jer-
ez-Ebensperger et al., 2015). Trehalose at osmolality
of 100 mOsm has a protective effect on the membrane
and acrosome integrity after thawing in ram semen
(Aisen et al., 2002); similarly, reduction in the mem-
brane, acrosome, and total morphological damage
rates were obtained by addition of raffinose, trehalose,
and sucrose at different concentrations to ram semen
extender in freezing-thawing stages (Jafaroghli et al.,
2011). The results obtained in the present study sup-
port these findings.

It has been reported that the beneficial effect of
honey observed in ram semen after freezing may
be due to the antioxidant properties of the proteins,
enzymes, amino acids, organic acids, vitamins, and
phenolic compounds (Jerez-Ebensperger et al., 2015;
El-Nattat et al., 2016) and sugars in its content, which

are sources of energy and cryoprotectant for sperm
cells during cold storage (Khatun et al., 2022).

CONCLUSION

This study observed that 1.0% and 2.5% (v/v) pine
honey added to Tris egg yolk-based extender in the
cryopreservation of ram semen did not have a posi-
tive effect on spermatological parameters. On the oth-
er hand, 2.5% (v/v) flower honey positively affected
plasma membrane integrity, sperm viability, and mi-
tochondrial activity after thawing and could be added
to the extender for freezing ram semen.
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