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ABSTRACT

Objective: To evaluate the effect of skim milk and/or coconut milk in a glycerol-free
trehalose extender to improve cryosurvival of boar spermatozoa.
Methods: Sperm samples were diluted in an egg-yolk-based freezing extender con-
taining 100 mM trehalose and 0.25% Equex STM supplemented with coconut milk or/
and skim milk at 2% or 5% (w/v). Spermatozoa were cryopreserved in 0.5 mL straws and
thawed by a rapid transient method (at 70 �C for 8 s) followed with a stabilizing pro-
cedure at 39 �C. Thawed samples were analyzed for motility, viability, high mitochon-
drial membrane potential (HMMP), and acrosome damage.
Results: Even on the presence of egg yolk, motility, HMMP and viability were signif-
icantly higher in extender supplemented with 2% skim milk than controls without skim
milk (P < 0.05). Post-thaw viability significantly improved with the addition of 2% skim
milk plus 2% coconut milk as well (P < 0.05). Acrosome damage was considerably lower
when the extender was supplemented with 2% coconut milk (P < 0.05), whereas the
benefit was masked in the presence of 2% skim milk.
Conclusion: 2% skim milk can be used as supplements for a glycerol-free trehalose and
egg yolk-based extender to improve post-thaw survival of boar spermatozoa, whereas 2%
coconut milk has an effect to protect boar spermatozoa from acrosome damage.
1. Introduction

Sperm cryopreservation is the most efficient method for
storing boar spermatozoa for a long period, even though their
fertilizing ability is still lower than that of fresh or liquid-
preserved semen [1]. During the past few years, substantial
progress has been made regarding cryopreservation techniques
for boar spermatozoa [2]. Adjustment of cooling and re-
warming rates to biophysical properties of boar spermatozoa,
new sperm package systems and the achievement of accurately
consistent freezing of large numbers of samples using pro-
grammable freezers have contributed to post-thaw survival rates
above 50%, a threshold similar to that used for bull AI-semen
[3]. However, these promising results are overshadowed by
low conception rates and smaller litters after artificial
insemination, limiting the commercial use of cryopreserved
boar spermatozoa to a sub-optimal level [4].

Boar spermatozoa are not easy to cryopreserve due to several
reasons. Differences in the sperm freezability have also been
reported to exist between breeds, within and between boars,
between fractions coming from the same ejaculate and even
between the seasons [5–8]. Besides, it is well known that sperm
from species with low levels of cholesterol in their sperm
membranes, such as boar, have decreased tolerances to cold
shock, as compared with sperm from species with high levels
of cholesterol, like human [9]. Researchers constantly
experiment to develop more practical and less-expensive
methods to improve cryosurvival of spermatozoa especially
from low freezability boars.

In our recent studies, we have demonstrated that non-
permeating sugar trehalose can maintain motility, viability,
acrosome integrity, HMMP and in vitro penetrability, when
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boar spermatozoa were frozen in a glycerol-free freezing
extender [10] and thawed after rapid transient thawing at 70 �C
for 8 s followed by a stabilizing procedure at 39 �C for
52 s [11].

On the other hand, various milk based extenders have also
been proven to be effective for bovine [12,13], dog [14,15], ram
[16], buck [17] and equine [18,19] spermatozoa. Most studies
have been carried out using whole milk, skim milk or soy
milk [12,20] which the western world is mush aware of, but
less attention has been paid for coconut milk, which is rich in
antioxidants, fat, proteins, minerals and carbohydrates [21,22].
Therefore, the current study was undertaken to examine the
effect of skim milk and coconut milk on the cryosurvival of
spermatozoa in our glycerol-free trehalose freezing medium
using rapid transient thawing method.

2. Materials and methods

2.1. Chemicals and extenders

Unless specified, all the chemicals were purchased from
Sigma Aldrich Japan K.K. (Tokyo, Japan). The basic diluents,
modified Modena Solution [23], was composed of 152.61 mM
glucose, 23.46 mM sodium citrate 2H2O, 11.9 mM NaHCO3,
6.99 mM EDTA-2Na.2H2O, 46.66 mM TRIS, 15.10 mM
citric acid and 10 mg/mL gentamicin. Egg yolk based
extender (20% hen's egg yolk in mMS) was used as the
cooling extender. Freezing extender consisted of cooling
extender supplemented with 0.25% Equex STM™ (Nova
chemical sales, Inc, Scituate, MA, USA), 100 mM trehalose
(Hayashibara Co. Ltd, Okayama, Japan) and skim milk (S)
and/or coconut milk (C). Percentages (w/v) of milk
supplements and combinations in trehalose extender are as
follows: T; freezing extender without milk supplements
(Control), TS2; 2% skim milk, TC2; 2% coconut milk, TCS2;
2% coconut and 2% skim milk, TS5; 5% skim milk, TC5; 5%
coconut milk, TCS5; 5% coconut and 5% skim milk in
trehalose extenders. Stock solution (10%, w/v) of coconut
milk was prepared by dissolving 1 g of coconut milk powder
(MAGGI coconut milk powder, Nestle, Colombo, Sri Lanka)
in 10 mL of prewarmed mMS. It was filtered using a piece of
cheesecloth and centrifuged at 700 ×g for 15 min at room
temperature. Coconut milk was carefully drawn off below the
upper oily layer using a new needle and syringe to a new
tube. Stock solution (10%, w/v) of skim milk was prepared by
dissolving 1 g of skim milk powder (Wako Pure Chemical
Industries, Ltd, Osaka, Japan) in 10 mL of prewarmed mMS.
It was centrifuged at 700 ×g for 15 min at room temperature.
Supernatant of the skim milk solution was transferred to a
new falcon tube. Both solutions were stored at 15 �C for
further use.

2.2. Semen collection and processing

Semen samples were collected from three individual Berk-
shire boars (1–3 years old) with excellent fertility scores
(supplied by a local AI center). At least three ejaculates were
obtained from each boar, and collection was done once a week.
The sperm-rich fraction (SRF) from individual ejaculates was
collected into a prewarmed tube by gloved-hand technique.
Two diluted samples were made by adding SRF to mMS (1:4)
before transportation to the laboratory. The semen samples
were kept in a Styrofoam box with warm packs (39 �C) and
transported within 1.5 h. At the laboratory, the samples were
assessed for sperm concentration (hemocytometer), viability
(SYBR/propidium iodide) and motility (CASA). Sperm sam-
ples with >70% of motility and viability were used in the
current experiments. SRF was centrifuged at 800 ×g for 5 min
at room temperature and 10 mL of the supernatant was diluted
in 40 mL of mMS to obtain 20% (v/v) seminal plasma. Pre-
viously diluted semen samples were centrifuged at 450 ×g for
5 min at room temperature and the sperm pellet was diluted
with 20% seminal plasma to adjust the concentration to
1 × 108 cells/mL. Then, it was cooled to 15 �C in 4 h using a
thermo block (ThermoStat plus, Eppendorf, Hamburg, Ger-
many). After incubation at 15 �C overnight, sperm sample was
washed 3 times with mMS by centrifugation at 620 ×g for
5 min at 15 �C. Then the concentration of the sperm suspension
was readjusted to 1 × 109 cells/mL with mMS before
cryopreservation.

2.3. Cryopreservation of spermatozoa

Sperm samples were suspended in the cooling extender (1:4)
at 15 �C and cooled down to 5 �C over the course of 2 h
(ThermoStat plus, Eppendorf, Hamburg, Germany). Then they
were resuspended in the freezing extender (1:1) and loaded into
precooled 0.5-mL straws (Fujihara Industry Co. Ltd., Tokyo,
Japan) while keeping them on ice. Other end of the straw was
sealed using a heat-sealer. The straws were frozen by keeping
them 4.5 cm above the level of a liquid nitrogen bath (N2 vapor)
at approximately −160 �C for 15 min. Finally, the straws were
plunged into liquid nitrogen (−196 �C) and stored for 2–3 days
until thawing.

2.4. Thawing of frozen spermatozoa

Straws were thawed rapidly and transiently at 70 �C for 8 s
and then rapidly maintained at 39 �C for 52 s [11]. Spermatozoa
were diluted in prewarmed (39 �C) mMS (1:2) and washed once
by centrifugation (700 ×g, 3 min, 39 �C). Each pellet was
resuspended in 1 mL of mMS and post-thaw evaluations were
performed after incubating at 39 �C for 5 min.

2.5. Evaluation of post-thaw spermatozoa quality

The percentage of total motile spermatozoa was determined
using a computer-assisted semen analysis system (CASA, with
the Sperm Motility Analysis System software, Digital Image
Technology, Tokyo, Japan) with 60 frames per second. For each
sample, three subsamples were analyzed, and 2 mL of each
subsample was placed on an objective micrometer (Fujihira
Industry Co., Ltd., Tokyo, Japan) and a minimum of 300 sperms
per subsample were analyzed.

Viability, HMMP and acrosome damage was evaluated by
fluorescence multiple staining procedure using PI/JC-1/FITC-
PNA. Briefly, 3 mL of PI (1 mg/mL), 30 mL of FITC-PNA
(200 mg/mL in PBS) and 2 mL of JC-1 (153 mm) were added
to 150 mL aliquot of spermatozoa. Next, samples were incubated
at 39 �C for 8 min in the dark. Then, 8 mL of the mixture was
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Figure 2. Post-thaw viability of boar spermatozoa frozen in a glycerol-free
trehalose-based extender supplemented with skim milk and/or coconut
milk.
Error bars represent SEM. a,b,cP < 0.05, n = 5. T, control without any milk
supplements; TS2, 2% (w/v) skim milk; TC2, 2% (w/v) coconut milk;
TSC2, 2% skim milk plus 2% coconut milk; TS5, 5% skim milk; TC5, 5%
coconut milk; TSC5, 5% skim milk plus 5% coconut milk.

TC5
TS5

TCS 5
TC

2
TS 2

TCS 2 T
0

20

40

60

80

Treatment

%
 o

f s
pe

rm
at

oz
oa

 w
ith

 H
M

M
P

ab b

ab

ab
ab ab

a

Figure 3. Percentage of spermatozoa with high mitochondrial membrane
potential (HMMP) after cryopreservation in a glycerol-free trehalose-based
extender supplemented with skim milk and/or coconut milk.
Error bars represent SEM. a,bP < 0.05, n = 5. T, control without any milk
supplements; TS2, 2% (w/v) skim milk; TC2, 2% (w/v) coconut milk;
TSC2, 2% skim milk plus 2% coconut milk; TS5, 5% skim milk; TC5, 5%
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placed on a glass slide and observed under a fluorescence mi-
croscope (×1000, Eclipse 80i, Nikon Inc., Tokyo, Japan). A total
of 300 sperm cells were counted and the percentage of sperm
cells with viability (green head), HMMP (orange–yellow mid
piece) and acrosome damage (green acrosome cap) were
calculated.

2.6. Statistical analysis

Statistical analyses of results replicated 5 times were used for
treatment comparisons and carried out by a one-way ANOVA
followed by Tukey's multiple range test using the GraphPad
Prism 6 statistical software (GraphPad Software Inc., La Jolla,
CA, USA). All percentage data were subjected to arcsine
transformation before statistical analysis if the percentage data
contained values less than 10% and/or more than 90%. All data
were expressed as the mean ± SEM. Differences were consid-
ered significant at P < 0.05.

2.7. Experimental design

Sperm samples were cooled in 20% egg yolk extender and
frozen with a freezing extender supplemented with 100 mM
trehalose, 0.25% (v/v) Equex STM™ and milk supplements
(skim milk and/or coconut milk at 2% or 5%). Sperm suspen-
sions were packed into 0.5-mL straws and cryopreserved in
liquid nitrogen. Thawed samples were evaluated for motility,
viability, HMMP and acrosome damage.

3. Results

The effect of milk supplements added to the glycerol-free
trehalose freezing extender on motility, viability, HMMP and
acrosome damage of boar spermatozoa after freezing–thawing
was evaluated.

As shown in Figure 1, when effect of milk supplements in a
freezing extender on sperm motility was evaluated by using
CASA, addition of 2% skim milk (TS2) in the extender signif-
icantly increased the motility [(60.2 ± 3.0) %] as compared with
controls [(38.3 ± 4.7)%, P < 0.05].
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Figure 1. Post-thaw motility of boar spermatozoa frozen in a glycerol-free
trehalose-based extender supplemented with skim milk and/or coconut
milk.
Error bars represent SEM. a,bP < 0.05, n = 5. T, control without any milk
supplements; TS2, 2% (w/v) skim milk; TC2, 2% (w/v) coconut milk;
TSC2, 2% skim milk plus 2% coconut milk; TS5, 5% skim milk; TC5, 5%
coconut milk; TSC5, 5% skim milk plus 5% coconut milk.

coconut milk; TSC5, 5% skim milk plus 5% coconut milk.
Post-thaw viability of spermatozoa in term of membrane
integrity is shown in Figure.2. Percentage of spermatozoa
extended in 2% coconut milk plus 2% skim milk [(TCS2,
(57.0 ± 2.8)%)] and 2% skim milk alone [TS2, (55.6 ± 3.4)%]
showed considerably higher viability than those in controls
[(40.4 ± 1.6)%, P < 0.05].

As shown in Figure. 3, spermatozoa extended in 2% skim
milk (TS2) exhibited a significantly higher percentage of
HMMP [(59.0 ± 2.7)%], with orange–yellow multimeric JC-1
aggregates in the mid piece, than those extended in controls
[(41.1 ± 0.7)%, P < 0.05].

Effect of milk supplements on the acrosome status as eval-
uated by FITC-PNA, is shown in Figure. 4. Spermatozoa in a
trehalose extender containing 2% coconut milk (TC2) exhibited
significantly lower acrosomal damage [(9.5 ± 0.7)%] as
compared with controls [(17.2 ± 2.0)%, P < 0.05].

Higher concentration (5%) of either coconut milk or skim
milk was not effective in maintaining any of the post-thaw pa-
rameters in boar spermatozoa (P > 0.05).
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Figure 4. Percentage of spermatozoa with damaged acrosome after cryo-
preservation in a glycerol-free trehalose-based extender supplemented with
skim milk and/or coconut milk.
Error bars represent SEM. a,bP < 0.05, n = 5. T, control without any milk
supplements; TS2, 2% (w/v) skim milk; TC2, 2% (w/v) coconut milk;
TSC2, 2% skim milk plus 2% coconut milk; TS5, 5% skim milk; TC5, 5%
coconut milk; TSC5, 5% skim milk plus 5% coconut milk.
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4. Discussion

In the present study, we demonstrated that cryosurvivability
of boar spermatozoa was significantly improved by supple-
mentation of a trehalose-egg-yolk-based extender with skim
milk and coconut milk. Motility, HMMP and viability were
improved with 2% (w/v) skim milk, regardless of the presence of
coconut milk, whereas acrosome damage was reduced with 2%
(w/v) coconut milk.

Protective effect of skim milk is provided by the different
components in the milk. The foremost protective constituent of
milk is most likely to be micelles of caseins, which are the
major proteins of milk [24]. It has been reported that skim milk
prevent the binding of seminal plasma (SP) proteins to the
sperm membrane and reduced sperm lipid loss while
maintaining sperm motility and viability [24]. Another study
revealed that the LDLs present in an egg-yolk-based
extender sequestered the SP proteins avoiding their binding
to the sperm membrane, hence preventing the loss of choles-
terol and phospholipids in bovine spermatozoa [25]. Since it
has been also reported that incorporation of cholesterol into
boar, bull or stallion sperm membranes increased sperm
tolerance to cryopreservation [26–28], cholesterol in milk may
also have an effect to improve the viability after
cryopreservation. Skim milk also posses antioxidant
properties and [19] Filho et al. reported that dilution of
semen with skim milk-egg yolk based extender compensates
for the loss of protection by the non-enzymatic antioxidant
with the removal of seminal plasma.

In the present study, in fact, we found that the presence of 2%
skim milk in a trehalose-egg-yolk-based extender significantly
improved not only viability but also motility and HMMP of boar
spermatozoa. Our observation was consistent with previous
studies that motility and viability was increased in skim-milk-
based extenders in ram and canine spermatozoa, respectively
[15,16]. Supplementation of a trehalose-egg-yolk-based extender
with 2% skim milk, therefore, seems to be an effective supple-
ment for maintaining the motility and viability of boar sperma-
tozoa after cryopreservation.
In this study, we also found that supplementation of the
extender with 2% coconut milk significantly improved the
acrosome integrity after cryopreservation. Coconuts are rich in
phenols and polyphenols, which are stronger antioxidants than
the vitamins [29]. Sperm membranes are rich in polyunsaturated
fatty acids and can easily undergo lipid peroxidation in the
presence of reactive oxygen species (ROS), leading to changes
in membrane fluidity causing oxidative stress [30]. Major
protective effect of coconut milk may be due to the
antioxidant properties. However, we could not find any
significant positive effects of 2% coconut milk on the motility
and HMMP of frozen-thawed spermatozoa. In contrast, coco-
nut milk significantly improved sperm motility in buck semen in
citrate buffer extender [17] and fertilizing capacity of bovine
spermatozoa in an egg yolk based extender [31].

Better motility might be observed if fresh coconut milk or
coconut water was used instead of powdered coconut milk.
Previous studies reported that deionized coconut water
improved the motility, membrane integrity, mitochondria ac-
tivity and acrosome integrity of boar semen after cryopreser-
vation as compared with filtered coconut water [32]. In a wild
animal, collared peccaries (Tayassu tajacu), a coconut water-
based extender containing 20% egg yolk and 3% glycerol
improved only sperm motility but did not other sperm char-
acteristics [33]. In another wild animal, agouti (Dasiprocta
aguti), and dog spermatozoa, a coconut water-based extender
has been reported to improve the motility [34]. Together with
these evidences, coconut may contain both beneficial and
detrimental factors, consequently resulting in different effects
dependent on the components of the coconut being used.
Although coconut milk has a beneficial effect on sperm
characteristics, further research will be required to purify the
positive factors in coconut milk. Furthermore, in the present
study, the beneficial effects of 2% coconut milk on acrosome
integrity and of 2% skim milk on motility and HMMP of
spermatozoa were masked in the presence of 2% skim milk
or 2% coconut milk, respectively. Therefore, the affinity
between skim milk and coconut milk does not appear to be
recommended.

In conclusion, skim milk at 2% (w/v) concentration in a
glycerol-free trehalose-based extender containing egg yolk im-
proves the motility, viability and HMMP whereas 2% coconut
milk has an effect to protect boar spermatozoa from acrosome
damage.
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