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AeABREEENE (egg yolk, EY) ~ (R [ERFEE H (low-density lipoprotein, LDL) f2JN#4E (egg yolk plasma, EYP)
NI 2 AR B RE 2 AT - PRI R e B B2 B - BRI I ME R BT 2 A58 S BHERACHT RIS TR
LT A AT » R 1% IE I EISER R M 2% (computer-assisted sperm motility analysis, CASA) 8 VideoTesT-
sperm 2.1 §RAG - HEITIETEUE ST ~ WFRTERUE T ROE TS TR 2807 » A6FH FITC-PNA Zy (b +5ams
SEEERIAH 2 725 o SRR 0 (] 20% UVt MM RER B E 2 2 BRI R R1% - RMEEE 4 L 6 hHYSH
FETR K5 T 408 1 ol Tl =S 1) - 1B S 20% I B4 B BEE (P < 0.05) 5 (i 9% (K& E

B H 2 R ER TR E 2 2GR - HIBRIE Z G F8ETT ~ BT Dm0 7 R BRIE iR » RE R
20% OFEHE R 20% ON e /2 MR /2 AR R (P < 0.05) o AHWFEE8 BRI 20% JN &A% 5T 20% HE/E /%
RS T EA —EHIREF - BIRESREEER 9% R ERSEN -

RASEEE  FE ~ KT~ RHIRTE o

4

B2 RIRFCEZ R » R 222 RE] > HAER THE St & Y A R 4 QR EE (Yeste e al.,
2008) » {HFE 2 BAERAVEFHIE AR L4 © 8RS RIRFERUTIET 1956 4 » 2 1% S EI2EET K EMRE - Bl
oy - RIS TR E R - IR LR EFE ) S R A R (Rath er al., 2009; Rodriguez-
Martinez and Wallgren, 2011; Estrada ez al., 2014) < ¥5/& 2 IR » FERNI2HMEER - A BIRFEEE RS IR
EROE T SRR ERRME Z M8 RIS E SRR AR - BCE B 5 2 MRl )T - TR
RFEIE R R RIS B R -

ONEs (EY) B2 FTE Bl 2 A IReE R - BINIE S EMERER - (EIE =22 B0 > UM ARt
TRAE(EAHENZEEEREE A (Jiang e al., 2007) o BEFAES B R0 LDL EEF 2 YEH R 25T > likt
BRI GBI - BT UAE R B Se Bt A ZAER =) (Moussa et al., 2002; Lamia et al., 2004;
Hu er al., 2006) - TR0 9% LDL A2 BGEER - EE ISR UG JOfF T B4 EE) % - S5BERI1 LDL /Y
TEFEETR 6% ~ 7% ~ 8% & 9% » 'ERFRSE B Mt A BT U (Hu et al., 2006; Jiang et al., 2007; Kong et al., 2012) -

AW 6 UM 4 (EYP) BUC OIS 8U/E4E (Pillet er al., 2011) ~ ¥ (Corcini ef al., 2016) Jz7K4~ (Hussain Shah
et al., 2017) 2 BHKER » BRHRIRE R E 2 HRE G - EYP ERUE A EY B3 0 )7 =EE (Anton er al., 2003;
Guilmineau et al., 2005) » EYP H1 85% HY{EAE N EE 1 F1 15% BRFEZ#EEE 4 (globular glycoprotein) (Anton, 2013; Strixner
and Kulozik, 2013) Ffr4HEY » 5387 EYP B EY AYA (Ll AREEIRE ~ BhAS - RERNEL SRS H & E4HEL B [F] (Strzezek
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et al., 2006; Laca et al., 2015) - EYP [GHS B &3F AV aMYE » e EkEH Y (gY) fiiHs (Navidgha-semizad,
2014) - AERERTE S HFREBTED 53 HITRAT 9% LDL 2 20% EYP - BU HA% 2 AR RETO RN 20% Y S5 SO -
TR R IR NG R B 7= BT  DABHSS R A S IR S MR
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A EREE MR H AR TERE IR R » SEIAEES | B (it A8 5 B - BEREAFEER —X - BIRERER
TR TE Fifgd - AT 37°C TARE 30 7r ik - FEEUFEZRR 80% DA RELE T 75% DA EHIRE IR ST 2 IR
ﬁ o
DN B A R AR e i 2R I o Y

EYP 737772485 McBe and Cottterill (1979) Firaft » K EY B 5 Z& 8 /K HEF TR RN 84  F5 2L 10,000 x g
10°C AR 45 7088 - I EORIRFFEE L LSS R ARRRERL - 2880 4CRRIFIRFESEEH - AslEg LDL 2 %<
HUTEBIEIEE Ali Al Ahmad er al. (2008) FFE5E (2012) Frift 2 DB - REONEORIA 2 5 8 E2 AR (0.17
M NaCl) 8¢ » WGAE 4'CHYEREE THEFE 1 /N - HARIIEOR L 4°C ~ 10,000 x g By 45 778 » B FFRFLAE
R O — 2 BEOVRUEE BRI 40% Tl ##% (Sigma-Aldrich, A-4418) » JEEHHFE 1 /NFHLEER © & 0K
REI BT T (MW = 10,335) (Sigma-Aldrich, D-9527) » JRCE TN ZEBH/K T » it 4 CEREE N ARG E R TIA
B+ B BB RE A E/KER 270 6 /N DABR ETREE 8% - SepENTR » AIEE 0 @ B B R e
Ry LDL » FEZCHE L (10,000 x g » 45 7748 ) » WEEE SRS O UBREREFR 4 CHH -
TER SR

PREZIRETURE SRy » KsmfatinE 1% » [#F Beltsville thawing solution (BTS, 37.0 g/L glucose, 1.25
g/L EDTA, 6.0 g/L sodium citrate, 1.25 g/L sodium bicarbonate, and 0.75 g/L potassium chloride) (Johnson et al., 2000)
BT RIGRE - 2 HAGRELIESS Westendorf er al. (1975) #2275 » Wi ZAFRSANE 15C » it 800 x g fft
0 10 5388 > Kbk EEREIARE SRR > REERETEE R 1.5 x 107 cells /mL o /% HARFERATAH R R
5 HUFLKE 11 g hiz&EH7KZ 100 mL - 53 5]2L 20% EY ~ 20% EYP 5 9% LDL RIS AR IE LR
> 4°C NPl 3 /NRE% - $2 1 2 BERBITINAL AR » AT E R R AORIE s 3% (viv) » i Tk aas
SR By 1 x 107 cells /mL o A AI5ER % 2 RS SEEE R 0.5 mL 22 2845 (Minitiib, Tiefenbach, Germany) » i DA 1§53 %:
(RIS - AR A EBER BHEHEAEHIE (Ice cube 14S, GmbH, Austria) [ » T2 A2 AR 5 DU FIA4]
BREFAEITHRG - HSCE -5C » FREEKDL -6 C/ore# - B -5CH|-80°C » DL 40°C/min ZRZR[FEIR - 1 -80°C rf
30 F) > -80°C# -150°C » RS -60°C/ o7 » IiB PRI TEROL R RES NREMAITF (Yeste et al., 2014)
R G IR 2 R R B AR

522 P BTS MR (25°C ) 1% MBI TR BT A 20 M - HEARBE I 40°C ~ 30 Fhif
R o ERZRE R 2Ky SeEIRRE Y —n 0 HREEFRS—w  SEBERAE 2 mL R AR - ABE
TEREAN 3TCEBAEEE - K EsGT < i TR RS 2 AR MO -
FER MRS

HUfg Az i > LB RS BIAS T 70 17 4t B VideoTesT-Sperm 2.1 #(fG (Russia) 1T 734 » T E(hS
% Dziekoska et al. (2013) 2 J574 » FFETE H B 75 7 (motility) ~ Fi#EE )T (progressive motility, PM) ~ S
B {R (velocity average path, VAP) ~ B 4R 5 8% (velocity straight line, VSL) ~ #4382 @252 (curvilinear
velocity, VCL) ~ & T-BHE R ENHRIE (lateral head displacement, ALH) ~ {5 T DEEL R Eh L - H B IE AT YAV 8L (beat
cross frequency, BCF) - H 43824 (straightness, STR) flI EH 43 Fi#E 7 FE22 (linearity, LIN) Zf4EhEE ) 208 -

. T BRE e R MR A

DAt sgeas e Ay R it S T BRNE S 2 M - HPERMAIE Zeng J¢ Terada (2001) Z JT7AFHIFIZIE - RIHUKEIK
Bedn 30 pL ZRERREG R b K22 REZER - DIFEEEE 10 5388 - 212 HT 30 pL & (100 pg/mL) & 522 AR &
M %E &0 A2 585 2 Fluorescein isothiocyanate-conjugated peanut agglutinin (FITC-PNA) (Sigma -Aldrich, St, Louis,
MO, USA) 2 PBS /5% » TENEFI R L > FRATCEERNEGE 30 77k - FFLLPBS ik » 822 F@H R
% {HFF 5 L /Y Antifade 5% (Molecular Probes, Inc., Eugene, OR, USA) £/ » DILRFFREEER - #5 T-HEIE e 82
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ST (5 FH e B2 LB ER (DM 2500, Leica) (1000 x » JH$% ) > PUSMEEN £ 480 nm ~ HFHF £ 530 nm SR H#ETTER
o BERGTHEY 100 (E4H0E - HE —FaEEA BRSNS - IEEMER NEZE FIRELA e PR » HHEE
Wr () KBS e R R R L RREIE e R . 2) BT IR E R A s e R REIE R 7245 ¢ (3)
T IENE AR B YT TS <~ AHAR AR K & MR R 5E 25248 -
VIL &5t57 47

B2 NG R ARRI% > BEERY 37°C ~ 6 /NEF - AGERERE 2 /NS REEHAE T ~ AiERUE ) - B EIERS
B NSRRI ENGHE RS T e B R B H 2 R SR DO 8 £ 2R R ROR o W DA BT
(Analysis of variance, ANOVA) fabgi7= S 80 % -

L

A BREEEL EY ~ LDL & EYP BUESE S HUEIR - SR RERIRME R E - AL R IR 2 HE
W BRI 2 NPT THUES) - B anERUE I NE © SEBREE R 1 For 0 20% EPY 4HFT L ESE
R BRI > 4 2 6 /NI T-8UE T Rl T PR AT RS IEE S (P < 0.05) i 20% EY 2HEE 9% LDL &4 » 9%
LDL 4HEVRST4RUETT ~ BT IR AT RUSE TR S 0 s Bt (P < 0.05) {1 20% EY 4H K 20% EYP 2 - 4555
B 9% LDL AN MRER » #5105 71 ot 7~ PR AT =UE 70 2 1 [ R FE s b FH UM SRR Bk - FH 20% EYP HY
R 20% EY MR EFSEER » 515 R T HEpmERUE MR - NIERE AU RoAs T HI SR ] -

* 1 AFEEFE S RERAR AR TG R AR RS IR

Table 1. Effect of extender composition on the motility and progressive motility of boar frozen-thawed sperm

Post thawed incubation time

Extenders
30 min 2h 4h 6h
Total sperm motility (%)
EY 722%52° 61.9%7.0° 47.7+5.6 36.8 17.6"
EYP 75.8+52° 65.0%5.9° 548148 46.7+8.9°
LDL 60.8 £6.6° 38.5+£9.2° 35.1£5.9° 24.1%3.5¢
Progressive sperm motility (%)

EY 59.2+4.3" 443147 29.7+43° 193144
EYP 61.4+52° 468+3.5° 344+35° 28.116.6°
LDL 47.4+6.7° 273+7.3° 21.5+4.1° 12.5£2.4°

“*¢ Values with different superscripts in the same columns are significantly different (P < 0.05).
EY, 20% Egg yolk; EYP, 20% Egg yolk plasma; LDL, 9% low density lipoprotein.

KB & TR G ] 53 R B B RGEVE ST - R a R #EZUE I B E G AT HE S B0 TS 2 TR E o
o MEMT EZARE MBS - EGEENHEAR  hHE) R FOE IR EhIRIE 454 2 ERSEE
KR BB TR T o CASA EME TG T BN 28U T REMERAMIP R L > BLAFENVE AR I TR 3E L2
JEH (Didion, 2008) - 3If #5754 2 AHEH M (Holt and Medrano, 1997) = 14515 /&AM EBIS BT EINZR 2 Fs » 54
KRR % B N2 S min B2 6 h > 9% LDL > §120% EY K 20% EYP fi4Hf5Y VAP ~ VSL ~ VCL J% ALH #9281
IR G2 (P < 0.05) » HAhf5%H5E BCF ~ STR ~ LIN HIIFA> [l = 4H R HEEE 7= % (P > 0.05) - 20% EY £120% EYP
F4HEY VAP ~ VSL ~ VCL ~ BCF ~ STR J¢ LIN #8752 (P > 0.05) » SREAFEIEIRCS BRI 1 20% EYP B
20% EY » A HATRNE TS TS SEFBE T E -

G- UHEIE S B M B A B A A UN BRI A 45 S B8 S5 DUAERE - T IR TS24 7 (Fazeli et al., 1997; Zhang et al.,
2012) o RIL » FEEETT 2 BIE R S E B A AR A T BEE Se B M DAy W 2 BAR © I 9% LDL -
20% EY 2 20% EYP Ml 2 G R HE R % » DL FITC-PNA e e ALt 3 ois - BANE e e 2 i és SRR
3ETR » 4ERBERAE 1% 20% EY ~ 20% EYP K 9% LDL =404 HkER 2 kg T-BElE e 8R5r Bl By 53.3 £3.9 ~54.9 £ 4.7
K 42.6 1 6.0% > 24 GHEIE I8R5 R 28.7 £ 4.1 ~26.9 £ 3.8 K, 32.0 £ 4.2% » i AIEE 218X 5 17.0£3.4 172 £3.7
J226.3 £2.5% ; jE@aiEH 9% LDL 4% HUtE T A% i BRI 5e 8RB (P < 0.05) {772 20% EY 4HA1 20% EYP 4 -
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Table 2. Effect of extender composition on the motion characteristic of boar frozen-thawed sperm

Extenders 5 min 6h
EY 43.4+6.7° 31.1+7.6"
VAP (um/s) EYP 485+ 12.2° 326175
LDL 344128 26316.2°
EY 21.1+£3.3° 153+3.8
VSL (um/s) EYP 23.6£5.9° 16.0+ 3.8
LDL 16.4+2.0° 129+3.1°
EY 58.9+8.2° 453 +7.6°
VCL (um/s) EYP 663 121.6" 484+ 17.7°
LDL 50.1+4.1° 36.8+8.3°
EY 2.1103" 1.6 103
ALH (um/s) EYP 2410.8° 1.7%0.3°
LDL 1.7+02° 1.4+0.3°
EY 8.5%0.2° 82+0.1°
BCF (Hz) EYP 8.5%0.2° 81104
LDL 8.5%0.1° 8310.2°
EY 96.1 0.8 96.0  1.0°
STR (%) EYP 96.61 1.3 95.910.5
LDL 96.8+1.0° 96.1 0.9
EY 41.1+3.9° 374%51°
LIN (%) EYP 449+10.2° 37.612.5°
LDL 40.1 £3.2° 36.8+3.9°

VAP, average path velocity; VSL, straight line (progressive) velocity; VCL, curvilinear velocity; ALH, lateral head
displacement; BCF, cross-beat frequency; STR, straightness; LIN, linearity; CASA, computer-assisted sperm analysis; SEM,
standard error of the mean.

EY, 20% Egg yolk; EYP, 20% Egg yolk plasma; LDL, 9% low density lipoprotein.

> Values with different superscripts in the same columns are significantly different (P < 0.05).

3. AFEEFE SRR RS T HRlE e B R

Table 3. Effect of extender composition on the acrosome integrity of boar frozen-thawed sperm

Extenders INA (%) PDA (%) LA (%)

EY 53.3+3.9° 28.714.1° 17.0+3.4°
EYP 549147 269+3.8° 17.2+£3.7°
LDL 42.7+6.0° 32.0+4.2° 26312.5°

INA: Intact acrosome; PDA: Partially damaged acrosome; LA: Lost acrosome.
> Values with different superscripts in the same columns are significantly different (P < 0.05).
EY, 20% Egg yolk; EYP, 20% Egg yolk plasma; LDL, 9% low density lipoprotein.

1939 4 Philips &5 fir FH UN S P ECR AR FHERER (Phillips, 1939) - ONEHY /2 AAERE CReERSHEIE (LIRAIT AR -
S AEEHEITHBANTIE - NSRBI E2 B - (B THRPU2ENE - W IREE N2 /2 /K7 (Demaniowicz
and Strzezek, 1996) - #5256 8 LDL 2w T i EH(Ra&H5 T2 ks - LDL (G 2 SEEEGEY 2/3 » HAFEN A
PEEESAEE 77 (Nys and Guyot, 2011) » LDL EE&Y 17 2 60 nm EREURIRL - #2080 B HH =Bk - SNE#ER'E
RS E178 (Ergelebi and Ibanoglu, 2010) - fF7R/% A ARAVEE T » LDL Hy&ERESEA NS > ERFEMELE ZHH
M E(E R EIBER - S wiiEEEE AR - WSS T REP A IR - BB AIRRE LRI e
HET (A€ S Z ARG EE I PRaEAE TR (Bencharif et al., 2008) = HIFE[EH 6 2 10% LDL ZRITGE 2 HUER & 1] G544
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2 BIERAERE (Hu er al., 2006) » 2 HAEENR AN 9% LDL B EEE TGS T T40E ) Bofs T E 8 EENAE - b
LDL SRIIEREAYSE I - S I B 52 241 (P < 0.05) (Hu et al., 2006; Jiang et al., 2007; Kong et al., 2012) » {HAEE;
£RH 9% LDL 2 MRER - fRHSCERIE AN - B B & B E RS A P B - AE R EE FIBEREAH R s oy R SAE (]
(Li-Chan and Kim, 2008) » =z#7RE 7y 2 B pR HR A2 A BH (Freschi er al., 2011) » #EM2EE LDL (rafis 150522 1A
GRS R AR I - 22 A 20% LDL HifC&S » Fji? Collared peccary (Pecari tajacu) —7fe5MU{LI5E
EHEFY GRS RO » SR CEE T B R G151 (Souza et al., 2015) » RIEARBFZERT#EH 9% LDL
TSR B i R [ TN HE— PR IT

EEN OB EAER > BERNESRERA - AN T IREIERE EF » FERAFRE - REII R
BEA0 o CAA BN B = TN G TP A YRS (Amirat e al., 2004; Huopalahti ez al., 2007) 5 [F|EFUEE
FERLFIRE R B0 - B EE s NG E R T - N RS B AE 2 AR B A se w2 & Al AR E (LB AYRE K
Rl - IS BV E S 2 B2 SRR AL )T 2 S R FE R 2 T T AV EE R - S B O B B oy Ry N s
FIF J& Ry UN = 8K, (Guilmineau et al., 2005; Huopalahti et al., 2007) - GHefERI4HE By 70% S & EREEHF 16% HY
B2 H (phosvitin) (Laca et al., 2010) ;5 S =421 85% R & H F1 15% BRI HESE ( (globular glycoprotein)
(Anton, 2013; Strixner and Kulozik, 2013) A% o U5 HDL — B #7(7 B7H E 2225 T IhAE (Demaniowicz and
Strzezek, 1996) » 11 UN s REfL & 4845 75 /) (Akhter et al, 2011) - HFT4E(L LDL #£6F » If HIZHVE B 2R - ARER
ZEEIER » Ei b F O s AU N S (Pillet er al., 2011) » #E{T 16°C Ko SCEOREEFFERTEEIER - AT
FEHAZ AAZEE 80% 2 90% » EEFEURy 10.25 2 11.08 » H5EK5 T E FRAV S FEFI DAL 72 B 1 B : (RaE R (Strzezek
et al., 2005; Dziekofiska, 2013) » Kz H GBS R A F R0 (Fraser and Strzezek, 2007) o E2EEE5E U e AT (Rt
T BN EAHACAR - N E 2 S ERVEEAE - N EFIAsI B SRR E - B R AERE P g EAE REBEL
YiSE RS T E IR E > IR S T E I RE R 52N (Bergeron and Manjunath, 2006; Chanapiwat et al., 2012) >
Bk e AaErh U s Ay e & 0 G s FEFERESCAERN - BtrEBE TR ERE]  EEZHER
(Manjunath et al., 2002; Buranaamnuay et al., 2011) °

KIAFURFERE R 2 R IR 20% EYP » fEHIRIETAE ] ~ IR pTEsUE S 8E N  20% EYP
E Fo /2 RORGERIG SEHUS—ERVRER » THEIRNINE Ky 20% ISR BT » (282 R IR/ HIN NN =32 2
SEFENE IR 2 RIRERATR E AT T A -

Ao ol

AR EZEREGTE (105 B -2.1.1- & -L3) &8 HlB » FribEa - slbaiEK SR HEH R
el - ERMEM P Y Eaieftslbatikl - I —HrEE -
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Abstract

The aim of this study was to compare post-thawed sperm quality characteristics of the boars following freezing in
extenders supplemented with whole egg yolk (EY), low-density lipoproteins (LDL) and egg yolk plasma (EYP). Semen was
collected from five sexually matured and healthy boars, and then retained for sperm cryopreservation. The sperm quality of
frozen-thawed semen was determined by computer-assisted image analysis system (CASA) and Semen Analyzer (VideoTesT-
sperm 2.1). The characteristics of frozen-thawed semen characteristics including total motility, progressive motility, CASA
motility and acrosome integrity (fluorescein isothiocyanate conjugated with peanut agglutinin) were evaluated. The results
showed that the percentage of total motility and rapid progressive motility the of boar semen cryopreserved in extender
containing 20% EYP after thawing for 4, 6 hrs were significantly better than 20% EY (P < 0.05). It showed that the
percentage of total motility, rapid progressive motility and acrosome integrity of 9% LDL were significantly lower than those
0of 20% EY, 20% EYP (P < 0.05). Accordingly, extender containing 20% EY or 20% EYP could protect the boar spermatozoa

during the cryopreservation, the effectiveness of protection sperm was significant higher than that of 9% LDL.

Key words: Boar, Sperm quality, Cryopreservation.
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