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Natural honey as a cryoprotectant to improve Arab stallion post-thawing sperm parameters
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ABSTRACT

Objective: To investigate the effect of extender supplementation with different
concentrations of a honey bee on post-thawed sperm motility, viability index, membrane
and acrosome integrities in Arab stallion.
Methods: Five ejaculates from each of four Arabian stallions were subjected to
cryopreservation with a modified INRA-82, without any supplementation (control) or
supplemented with 1%, 2%, 3%, 4% and 5% honey bee. After thawing, all samples were
maintained at 37 �C, while analyses were performed at 0, 1, and 2 and 3 h. Sperm motility
percentage, viability index percentage, membrane integrity percentage and acrosome
integrity percentage of each sample were determined by conventional laboratory methods.
Results: Relative to the control group, supplementation with honey (2%, 3% and 4%
significantly improved (P < 0.01 at least) post-thaw sperm motility, viability index
(P < 0.001 at least) and had a positive effect on membrane integrity and intact acrosome
percentage (P < 0.001 at least) at 0, 1, 2 and 3 h post-thawing. For all semen parameters,
the lower concentration of honey (1%) and higher concentration (5%) did not show
significant differences (P > 0.05) compared with the control.
Conclusion: Honey bee supplementation in Arab stallion semen extenders provided a
better protection of sperm parameters against cryopreservation injury, in comparison to
the control groups.

1. Introduction

There are worldwide renewed research interest, in improving
reproductive performance in livestock artificial insemination
(AI) programs and maximizing the use of AI sires with valuable
genomes. Such progress can be made through improvement of
semen collection, analysis, processing and cryopreservation [1].
Semen cryopreservation induces certain detrimental structural
effects on spermatozoa as a result of its exposure to thermal,
mechanical, chemical osmotic and oxidative stress [2] during
freeze-thawing. These changes resulted in reduced sperm
motility, plasma membrane functionality and acrosome integrity
[3], leading to diminished spermatozoa fertilizing ability [4].
There is an international interest concerning the application of

natural medical sources in animal production fields. The
beneficial effects of honey bee (HB) in reproductive health
protection have been strongly evidenced by many authors [5–

7]. This effects are mainly attributed to its nutrient-rich con-
tent, e.g., sugars such as fructose and glucose; minerals such as
magnesium, potassium, calcium, sodium chloride, sulphur, iron
and phosphates, caffeic acid, caffeic acid phenethyl ester
(CAPE) and flavonoid glycones; as well as vitamins B1, B2, C,
B6, B5 and B3 [5,6]. HB has a potent antioxidant and
antibacterial properties [7,8]. HB flavonoids possess free
radicals (FR) scavenging activity, thereby inhibiting FR-
induced DNA damage [9]. Olayemi et al. concluded that the
addition of honey to egg yolk extender improve the motility
and live dead ratio and viability of liquid storage goat semen
[10]. Fakhrildin and Alsaadi concluded that supplementation of
honey bee (10%) to cryoprotectant solution show enhancement
sperm parameter post-thawing in man [11]. Ogretmen and
Inananobserved that using the honey in cryomedia is effective
for cryopreservation especially about hatching success of egg
fertilized by the frozen-thawed sperm of common carp [12]. El-
Sheshtawy et al. mentioned that addition of 10% HB solution
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to cattle bull semen extender improved sperm motility in chilled
and frozen semen and also improved the conception rate [13].
Jerez-Ebensperger et al. reported a significant high ram sperm
quality values when extender contained pasteurized egg yolk
and honey at 0 h and 2 h after thawing [14]. Jerez-Ebensperg
et al. concluded that the addition of honey to ram extender re-
duces sperm deterioration when stored at 4 �C [15]. Up to date,
there is a lack of data concerning the effect of the addition of
honey to semen extender on post-thawing semen quality of
Arab stallion. The present study aimed to determine the effects
of addition of honey to semen extender on post-thawing sperm
quality in Arab stallion.

2. Materials and methods

2.1. Preparation of extender

Modified INRA-82 [mINRA-82] described by El-Badry et al.
[16] was used as base and control extender. This extender
consists of 25 g/L glucose monohydrate, 1.5 g/L lactose
monohydrate, 1.5 g/L raffinose pentahydrate, 0.4 g/L
potassium citrate monohydrate, 0.3 g/L sodium citrate
dihydrate, 4.76 g HEPES, pH 7.0, 500 mg/L gentamycin,
0.035% SDS and 0.15% skim milk. Aliquots of mINRA-82
extenders were supplemented with different concentrations of
bee honey.

2.2. Honey bee mINRA-82 (Apis mellifera lamarckii)
extender (HEMI)

Honey solution was prepared by adding 1 mL honey to
9 mL bi-distilled water to obtain a honey solution of 10%
concentration. This solution is added to mINRA-82 aliquots
in concentrations of 0.5/4.5 [1% honey enriched mINRA-82
(HEMI 1%)], 1/4 (HEMI 2%), 1.5/3.5 (HEMI 3%), 2/3
(HEMI 4%), 2.5/2.5 (HEMI 5%) mL (v/v) of honey/
mINRA-82 to obtain a final volume of 5 mL in each tube
[13].

2.3. Animals and semen collection

On a once weekly collection schedule, five ejaculates per
stallion were obtained from four Arabian stallions, aged 8–14
years, and individually housed at Police Academy stud, Cairo,
Egypt. At the time of collection, early in the morning, a mare
in estrus was used as a mounted animal. Semen was collected
using a lubricated and pre-warmed (45–50 �C) Colorado
model artificial vagina with an inline filter to separate the gel
fraction.

2.4. Processing of semen

Immediately following collection, the gel-free portion of
the ejaculate was evaluated for volume and progressive
motility, and concentration was determined with a hemocy-
tometer. Only ejaculates with at least 60% progressively motile
sperm and 2.5 × 108 sperm cell/mL were used for freezing.
The semen was extended 1:1 (semen: extender) in INRA-82
extender that had been warmed to 38 �C. The diluted sam-
ples were placed into 15 mL tubes and centrifuged for
10 min at 400 × g [17]. At least 95% of the supernatant was

removed [18] and each pellet was re-suspended with modified
INRA-82 (containing 5% glycerol and 15% egg yolk) with
honey (1%, 2%, 3%, 4%, 5%) and without honey (0%, control)
to a final sperm concentration of 1.0 × 108 motile sperm/mL.
Each aliquot was cooled slowly to 5

�
C over 1 h under aerobic

conditions and then incubated at 5 �C for 30 min [19]. The
extended semen was drawn into 0.5 mL straws (Minitube,
Germany) and sealed thermally and placed 4 cm above
liquid nitrogen in the vapor phase in foam box for 10 min
before being plunged into the liquid phase [20]. The straws
were then stored in goblets on canes and kept immersed in
liquid nitrogen. For thawing, two straws per treatment were
warmed in a water bath at 38 �C for 30 s.

2.5. Evaluation of frozen-thawed semen

Spermatozoa motility was examined and recorded using a
pre-warmed stage of phase contrast microscope (×200) just after
0, 1, 2 and 3 h post-thawing for frozen-thawed semen. The post-
thawing viability indices were estimated according to Milovanov
[21]. The percentage of HOS-positive cells and acrosomal
integrity in each sample was determined according to Nie and
Wenzel [22] and Wells and Awa [23], respectively.

2.6. Statistical analysis

One way analysis of variance and Duncan's multiple range
tests (using SPSS program version 16.0) were done for the ob-
tained data of frozen-thawed semen qualities after trans-
formation of percentages to their corresponding arcsin values
[24]. P < 0.05 was considered as statistically significant.

3. Results

The effects of different concentrations of honey in ex-
tenders on post-thawing Arab stallion sperm motility at
different time are reported in Table 1. There were significant
differences among different concentrations in total motility at
0, 1, 2 and 3 h post-thawing. A significant increase in the
percentage of total motile sperm was observed in the presence
of 2%, 3% and 4% bee honey as compared with control (0%).
Enrichment of the basic extender (mINRA-82) for horse with
the bee honey (HEMI 3%) had significantly (P < 0.01 at least)
enhanced post-thawing (0, 1, 2 and 3 h) sperm motility per-
centage in comparison with the control and HEMI (1% and
5%) as shown in Table 1. While, the enrichment with HEMI
2% (at 0, 1 and 2 h post-thawing) and HEMI 4% (at 0, 1, 2 and
3 h after thawing) have non-significantly differed from the
HEMI 3% results at 0, 1, 2 and 3 h post-thawing as shown in
Table 1.

In the same consent, there were also significant differences
among extenders in viability index, membrane integrity (HOS-
positive cells) and acrosome integrity at different times post-
thawing as shown in Table 2. The enrichment of the mINRA-
82 with the bee honey (HEMI 3%) showed the highest signifi-
cant (P < 0.001 at least) mean records concerning the viability
index, the HOS-positive cells and the acrosome integrity in
comparison with the means recorded for the control and HEMI
(1%, 2% and 5%) as shown in Table 2. A non-significant
(P < 0.001 at least) difference was found between the mean
records of the HEMI 3% and 4% as revealed in Table 2.
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