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Optimization of Freezing and Thawing Protocol of Rapid Freezing
Techniques of Boar Semen in 0.5 ml Straws
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Abstract: [ Objective] This study was performed to optimize freezing and thawing protocol of rapid boar seminal
cryopreservation in 0.5 ml straws. [Method] 0.5 ml straws were placed at the height of 3, 5, 7, 9 and 11 cm above liquid nitrogen
(LN) for 3, 5, 10, 15 and 20 min in polyethylene box, respectively. And the optimal freezing protocol was determined after straws
were frozen in LN and thawed in water bath at 37°C for 30 s. The optimal thawing protocol was determined from six basal protocols,
including 37°C for 30's, 42°C for 25's, 47°C for 20°s, 52°C for 15, 57°C for 10 s and 62°C for 5s. [Result] In twenty-five freezing
protocol, both at post-thawed 0 h and 8 h, the percentages of TMS, PMI and NAR of spermatozoa were highest in semen frozen at
3 c¢m for 10 min. In six thawing protocols, the percentages of TMS, PMI, NAR and Mt-MP of spermatozoa were higher, and the
concentration of MDA was lower in semen thawed at higher temperature. Moreover, compared with the control, the percentages of
TMS, PMI, NAR and Mt-MP were increased (P<<0.05) and the concentration of MDA was decreased significantly (P<<0.05) in
semen thawed at 57°C for 10 s and 62°C for 5 s, and there was no difference between thawed at 57°C for 10s and 62°C for 5s (P>
0.05). [Conclusion] For the rapid freeze-thawing method of this experiment, adopting optimized freezing and thawing protocol
increased the quality of thawed semen, meanwhile, freezing 0.5 ml straws at 3 cm for 10 min and thawing at 57°C for 10 s or 62°C
for 5 s were the optimal protocol.
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Table1 TMS, PMI and NAR of boar semen treated with different freezing protocols at 0 h post-thawing (Mean + SEM)

TiH A FEZEIN A Freezing time (min)
Items Freezing height (cm) 3 10 15 20
R 11 14.250.23¢C 14.960.39eBC 15.54£0.22¢B 17.29+0.30dA 18.00£0.11adA
Total motile 9 15.7740.22dD 16.22+0.67dD 17.85£0.23dC 18.93+0.23¢B 20.27+0.12cA
spermatozoa (TMS, %)
18.65£0.12¢C 21.0020.38¢B 23.19+0.09cA 23.20+0.33bA 23.00£0.41bA
5 23.66:0.45bD 26.44+0.34bBC 27.51+0.45bA 26.72+0.08aAB 25.7620.21aC
3 26.13+0.13aC 28.54+1.00aA 28.85+0.31aA 27.69+0.09aB 24.91+0.24aD
e 11 4.73+0.20cC 4.88+0.07cC 5.08+0.21cBC 6.05:+0.38cAB 6.44+0.14bA
Plasma membrane 9 5.16+0.33cB 5.51+0.28cB 5.93+0.34cAB 6.47+0.23cA 6.880.23bA
integrity (PMI, %)
6.52+0.18bB 6.78+0.34bAB 7.43+0.23bAB 7.52+0.15bA 7.700.29abA
5 8.18+0.23aA 8.66:0.40aA 8.89+0.22caA 8.72+0.34aA 8.30+0.17aA
3 8.61+0.34aBC 9.37+0.35aAB 9.68+0.63aA 9.22+0.27aA 8.17+0.12aC
LSt 3¢ 11 9.64+0.18eC 16.38+0.30eB 19.92+0.24eA 20.34+0.41dA 20.48+0.33dA
Normal acrosomal ridge o 13.20£0.30dD 20.74£0.14dC 22.90+0.22dB 26.20£0.25¢A 26.73:0.36¢A
(NAR. %) 7 20.83+0.17¢D 26.72+0.33¢C 29.97+0.25¢A 31.1620.23bA 28.21+0.34bB
5 27.48+0.33bD 31.38+0.25bC 34.82+0.29bA 33.48+0.30aB 31.32+0.30aC
3 31.58+0.13aC 34.54+0.22aB 36.24+0.32aA 34.8620.44aB 31.10+0.36aC

NEISCFRFORRIIVEEE 2R B (P<0.05) , KEHEIFREORFETHIREEREE (P<0.05) . T
Values with different small letter superscripts means significant difference (P<<0.05) in the same column, while different capital superscripts means significant

difference in the same line (P<<0.05). The same as below
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Table 2 TMS, PMI and NAR of boar semen treated with different freezing protocols at 8 h post-thawing (Mean + SEM)

TiH ey TEZKIRA  Freezing time (min)
Items Freezing height (cm) 3 10 15 20
fhE 11 11.67+0.98eD 12.80+0.89eC 14.45+0.98¢B 15.67+0.17dA 15.26+0.29dAB
Total motile 9 13.00+1.11dD 14.34+0.12dC 16.01+0.09dB 17.45+0.11cA 16.85+0.10cAB
spermatozoa(TMS,
%) 7 16.76+0.22cD 18.63+0.10cC 21.65+0.20cA 21.52+0.32bB 20.98+0.13bB
5 19.36+0.23bC 22.00+0.14bB 24.1740.25bA 24.00+0.42aA 22.19+0.10aB
3 21.79+0.22aC 25.12+0.15aB 27.3340.243A 24.75+0.30aB 21.52+0.20abC
JoUIE e Ak 11 3.76x0.11cB 4.25+0.23cAB 4.74+0.40cA 4.78+0.32dA 4.40+0.34cAB
Plasma membrane 9 4.40+0.18¢C 4.79+0.09cBC 5.37+0.12cAB 5.82+0.25cA 6.27+0.21bA
integrity (PM1,%)
7 5.77+0.23bC 6.22+0.34bBC 6.65+0.25bABC 7.01+0.33bAB 7.23+0.30abA
5 7.00+0.16aB 7.74+0.25aAB 8.45+0.143A 8.30+0.09aA 7.68+0.30aAB
3 7.49+0.10aBC 8.23+0.33aAB 9.10+0.22aA 8.66+0.22aA 7.22+0.41abC
T e d bk 11 6.92+0.20eC 10.98+0.18eB 14.30+0.32eA 14.38+0.30dA 14.88+0.22dA
Normal acrosomal 9 10.62+0.19dD 15.56+0.26dC 17.72+0.22dB 21.28+0.22cA 21.84+0.35CA
ridge (NAR,%)
7 16.80+0.13cE 20.66+0.34cD 24.64+0.23cB 26.00£0.22bA 22.92+0.36bC
5 21.53+0.34bC 24.90+0.22bB 29.89+0.18bA 30.30+0.333A 25.25+0.11aB
3 24.96+0.33aD 29.00+0.24aC 32.55+0.14aA 31.34+0.71aB 23.89+0.25bE
£33 FEBEFZEHBRENR
Table 3 Results of different thawing protocols on frozen boar semen (Mean + SEM)
R VR 7 12 bz T e ds Tiifk e ek LA I LA [

Plasma membrane
integrity (PMI, %)

Thawing protocol Total motile

spermatozoa (TMS, %)

Mitochondrial membrane
potential (Mt-MP, %)

Malondialdehyde
(MDA, nmol-LY)

Normal acrosomal
ridge (NAR, %)

37°Cx30s 41.35+0.22a 11.24+0.32a 43.84+0.08a 37.40+0.26a 2.25+0.25a
42°Cx25s 42.93+0.30b 11.93+0.20ab 45.53+0.19b 37.48+0.15ab 2.23+0.10a
47°Cx20s 44.73+0.40c 12.39+0.31bc 47.48+0.40c 38.12+0.41ab 2.13+0.08a
52°Cx15s 45.07+0.14cd 13.07+0.30c 49.28+0.11d 39.00+0.23bc 2.06+0.15ab
57°Cx10s 45.94+0.20de 13.72+0.37cd 51.53+0.23e 40.56+0.08d 1.86+0.03bc
62°Cx5s 46.59+0.24e 14.26+0.34d 51.56+0.32e 40.75+0.19d 1.65+0.11c
3 it e E AR URAE A v B NS 2 2L
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