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The cryoprotective effects of erythritol on 
frozen-thawed ram sperm
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Cryopreservation, Polyol, Glycerol, Ram sperm G32E0: group treated with 0.032 M glycerol
G16E16: group treated with 0.016 M glycerol + 0.016 M erythritol
G8E24: group treated with 0.008 M glycerol + 0.024 M erythritol
G0E32: group treated with 0.032 M erythritol
G54E0: group treated with 0.054 M glycerol 
G27E27: group treated with 0.027 M glycerol + 0.027 M erythritol
G13E41: group treated with 0.013 M glycerol + 0.041 M erythritol 
G0E54: group treated with 0.054 M erythritol
G76E0: group treated with 0.076 M glycerol
G38E38: group treated with 0.038 M glycerol + 0.038 M erythritol
G19E57: group treated with 0.019 M glycerol + 0.057 M erythritol
G0E76: group treated with 0.076 M erythritol

This study was conducted to evaluate the effect of replacing glycerol with erythritol on 
cryopreservation of ram spermatozoa. Semen samples (n=24) were collected from four rams 
in six times. In each session, the collected ejaculates (n=4) were pooled and split into 12 equal 
parts. The amount of 0.032 M glycerol (G32E0, equal to 3% glycerol), 0.016 M glycerol and 
0.016 M erythritol (G16E16), 0.008 M glycerol and 0.024 M erythritol (G8E24), 0.032 M 
erythritol (G0E32), 0.054 M glycerol (G54E0, equal to 5% glycerol), 0.027 M glycerol and 
0.027 M erythritol (G27E27), 0.013 M glycerol and 0.041 M erythritol (G13E41), 0.054 M 
erythritol (G0E54), 0.076 M glycerol (G76E0, equal to 7% glycerol ), 0.038 M glycerol and 
0.038 M erythritol (G38E38), 0.019 M glycerol and 0.057 M erythritol (G19E57) and 0.076 
M erythritol (G0E76) were added. The diluted samples were frozen using standard protocol. 
After thawing, the samples were incubated at 37°C for 6 h. Results showed that progressive 
sperm motility and acrosome integrity were higher in G13E41 (18.85 % and 27.41 %, respec-
tively) than treatments that contained only glycerol at 6 h (p < 0.05). At the level of 0.032 and 
0.054 M cryoprotectant, the highest of total sperm motility was observed in G8E24 (19.16 %) 
and G13E41 (18.85 %) at 6 h, respectively (p < 0.05). Therefore, the quality of frozen-thawed 
ram spermatozoa can be improved by using the mixture of 0.013 M glycerol plus 0.041 M 
erythritol or 0.008 M glycerol plus 0.024 M erythritol.
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Introduction 

Cryopreservation allows for the long-term stor-
age of spermatozoa, which is highly advanta-

geous in a number of reproductive fields. Also, it is 
vital for animal genetic maintenance and propagation. 
The semen of ram can be frozen for long-term storage, 
but when the fertility rate is acceptable, frozen-thawed 
spermatozoa should be inseminated using intrauter-
ine insemination via the laparoscopic method [1]. Yet, 
sheep breeders would rather use the vaginal or intra-
cervical artificial insemination, as simple and cheap 
methods, than laparoscopic intrauterine artificial in-
semination [2]. Therefore, it seems necessary to im-
prove the freezing methods of ram spermatozoa. 

Glycerol has been used commonly as a cryopro-
tectant in the freezing of diluted ram semen [3]. How-
ever, there is evidence that the presence of glycerol 
in the diluted semen depresses fertility in ovine [4]. 
Moreover, glycerol accelerates the acrosome reaction 
of ram spermatozoa [5, 6]. The negative effects of glyc-
erol have led to studies on the replacement of glycerol 
with other cryoprotective agents [7, 8]. However, these 
studies did not come with satisfactory results.

Erythritol is a four carbon sugar alcohol and this 
polyol can be used as a cryoprotective agent [9, 10]. 
In the mammalian cell, erythritol is not metabolized 
to toxic metabolites, but, glycerol can produce toxic 
agents [11]. The aim of the present study was to eval-
uate the effect of replacing glycerol with erythritol on 
the process of cryopreservation of ram spermatozoa.

Results   

Results showed that erythritol did not affect the 

membrane integrity, viability, total and progressive 
sperm motility, curvilinear velocity, average path ve-
locity and straight line velocity at 0 and 3 h after thaw-
ing (p > 0.05).

At the level of 0.032 and 0.054 M cryoprotectant, 
the highest of total sperm motility was observed 
in G8E24 (29.64 % ± 1.41) and G13E41 (24.74 % ± 
1.20) at 6 h, respectively (Fig 1, p < 0.05). There was 
no difference between treatment content of 0.076 M 
cryoprotectant on the total sperm motility at 6 h (p > 
0.05). Progressive sperm motility was higher in G8E24 
(19.16 % ± 1.18) and G13E41 (18.85 % ± 1.42) than 
G32E0 (11.1 % ± 0.56), G3E1 (11.92 % ± 1.09), G54E0 
(11.04 % ± 0.44), G27E27 (11.09 % ± 0.29), G76E0 
(12.80 % ± 1.68) and G0E76 (11.44 % ± 0.50) at 6 h 
(Fig 2, p < 0.05). Curvilinear velocity (Fig 3), average 
path velocity (Fig 4) and straight line velocity (Fig 5) 
was higher in G8E24 (50.65 ± 2.41, 31.07 ± 1.48, 30.22 
± 1.44, respectively) than treatments with content  of 
0.032 and 0.076 M cryprotectant at 6 h after thawing 
(p < 0.05)

There was no difference among G8E24 (22.45 % 
± 0.58), G27E27 (22.92 % ± 1.96), G13E41 (23.42 % 
±0.76) and G19E57 (22.57 % ± 0.39) on the sperm via-
bility at 6 h (Fig 6, p > 0.05). Sperm viability was high-
er in these treatments than G32E0 (17.47 % ± 0.47) 
and G76E0 (17.22 % ± 0.74) at 6 h (p < 0.05). 

Membrane integrity was higher in G13E41 (23.43 
% ± 1.04) than G32E0 (18.08 % ± 0.83) at 6 h (Fig 7, p 
< 0.05) and there was no difference among other treat-
ments (p < 0.05). 

Acrosome integrity was higher in G13E41 than 
G8E24, G0E32, G0E54, G76E0, G19E57 and G0E76 at 
0 h (Table 1, p < 0.05). Acrosome integrity was higher 
in G13E41 than G32E0, G0E32, G76E0 and G19E57 
at 3 h (p < 0.05). Acrosome integrity was higher in 

Figure 1
Effect of glycerol and erythritol on the total 
motility of ram spermatozoa at 6 h after thaw-
ing. G32E0: 0.032 M glycerol, G16E16: 0.016 M 
glycerol + 0.016 M erythritol, G8E24: 0.008 M 
glycerol + 0.024 M erythritol, G0E32: 0.032 M 
erythritol, G54E0: 0.054 M glycerol, G27E27: 
0.027 M glycerol + 0.027 M erythritol, G13E41: 
0.013 M glycerol + 0.041 M erythritol, G0E54: 
0.054 M erythritol, G76E0: 0.076 M glycerol, 
G38E38: 0.038 M glycerol + 0.038 M erythritol, 
G19E57: 0.019 M glycerol + 0.057 M erythritol, 
G0E76: 0.076 M erythritol.
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Figure 2
Effect of glycerol and erythritol on the progressive motility of ram spermatozoa at 6 h after thawing. G32E0: 0.032 
M glycerol, G16E16: 0.016 M glycerol + 0.016 M erythritol, G8E24: 0.008 M glycerol + 0.024 M erythritol, G0E32: 
0.032 M erythritol, G54E0: 0.054 M glycerol, G27E27: 0.027 M glycerol + 0.027 M erythritol, G13E41: 0.013 M 
glycerol + 0.041 M erythritol, G0E54: 0.054 M erythritol, G76E0: 0.076 M glycerol, G38E38: 0.038 M glycerol + 
0.038 M erythritol, G19E57: 0.019 M glycerol + 0.057 M erythritol, G0E76: 0.076 M erythritol.

Figure 3
Effect of glycerol and erythritol on the curvilinear velocity of ram spermatozoa at 6 h after thawing. 
G32E0: 0.032 M glycerol, G16E16: 0.016 M glycerol + 0.016 M erythritol, G8E24: 0.008 M glycerol + 0.024 
M erythritol, G0E32: 0.032 M erythritol, G54E0: 0.054 M glycerol, G27E27: 0.027 M glycerol + 0.027 M 
erythritol, G13E41: 0.013 M glycerol + 0.041 M erythritol, G0E54: 0.054 M erythritol, G76E0: 0.076 M 
glycerol, G38E38: 0.038 M glycerol + 0.038 M erythritol, G19E57: 0.019 M glycerol + 0.057 M erythritol, 
G0E76: 0.076 M erythritol.
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Figure 4
Effect of glycerol and erythritol on the average path velocity of ram spermatozoa at 6 h after thawing. G32E0: 0.032 M 
glycerol, G16E16: 0.016 M glycerol + 0.016 M erythritol, G8E24: 0.008 M glycerol + 0.024 M erythritol, G0E32: 0.032 M 
erythritol, G54E0: 0.054 M glycerol, G27E27: 0.027 M glycerol + 0.027 M erythritol, G13E41: 0.013 M glycerol + 0.041 M 
erythritol, G0E54: 0.054 M erythritol, G76E0: 0.076 M glycerol, G38E38: 0.038 M glycerol + 0.038 M erythritol, G19E57: 
0.019 M glycerol + 0.057 M erythritol, G0E76: 0.076 M erythritol.

Figure 5
Effect of glycerol and erythritol on the straight line velocity of ram spermatozoa at 6 h after thawing. G32E0: 0.032 M 
glycerol, G16E16: 0.016 M glycerol + 0.016 M erythritol, G8E24: 0.008 M glycerol + 0.024 M erythritol, G0E32: 0.032 
M erythritol, G54E0: 0.054 M glycerol, G27E27: 0.027 M glycerol + 0.027 M erythritol, G13E41: 0.013 M glycerol + 
0.041 M erythritol, G0E54: 0.054 M erythritol, G76E0: 0.076 M glycerol, G38E38: 0.038 M glycerol + 0.038 M erythri-
tol, G19E57: 0.019 M glycerol + 0.057 M erythritol, G0E76: 0.076 M erythritol.


