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AakER 5 ERER A FURE RS EREE H (low-density lipoprotein, LDL) 2 /% MFRHER - ¥ B A {7 T A4
Ko 2 R R G 2 f8E o RS 3 A5 B ALA-BFIERE L 5T (dairy herd improvement, DHI) HE44 > K
4 (Ten Tons Cow) T4 Z (%A » DAA TEP2E PREEHAER » 73 Al LS AR ERE (6~ 7~ 8 ~ 9 K 10%) LDL &1 20%
E (egg yolk, BY ; 84 ) 2 FRlAnfets - (ERAE TR 3 x 10° 4HfE# /mL - 4R fEH% 2 g R#EH
BRSNS T 0468 (computer-assisted sperm analysis, CASA) Bt 2(ANHEEE (flow cytometer) » J3AfTiE §~ 20 175 1)
(motility) ~ [ Fii J& ) 2 k5 T-7& J7 (progressive motility) ~ #E B S 8 ~ 1752 (viability) ~ i 4% & & 4 (mitochondrial
integrity) BATHIE 21 (acrosome integrity) o &H5EUR > MiFEIR RN 8% LDL I » AA-KER S HRIE R % 2 75 T]
B GENE 57 B B A R B R4 (P < 0.05) 5 IR M 8% LDL I - 457 B[ B B B 2 65 T8 B S i HAM R
HEH (P < 0.05) ; FTIR{FH 2 8% LDL kiR » At 2 HEN 28 8 & PR HE (average path velocity,
VAP) ~ 15 il 43 38 ) 3 5 (curvilinear velocity, VCL) B % - 2 4 {488 17 {E (amplitude of lateral head displacement,
ALH) - &5 EAft - SR A4S RMRRIR RN 8% LDL W] fREpIE T2 B AR HBAE R AE(E 2 G ST ~ [MRDEE 2
S - BT EESEDUAEER - IEREASIRA BN A 42 BE R E -

BRI - AL - (REEREED - LSRR -

i

N T4 (artificial insemination, AT) 557 flir 17 i f2 3 tR &2 #5 (A > HpRIhEl 43 ol B (R /% B TR IR F R R
(extender) 7 f§% (Foote et al., 2002) » ffi{si 2 % MR ORGER] T 257 Ay HOMEBLE S - DUREER T 12 B IR(F a2
RZIEG - HEFER (egg yolk, EY) A {RFERIRFF ALK (Phillips and Lardy, 1940) » ZE &= {5 F2E M2 R IRE
P2y A R T i B B4R Y 45 2 — (Vishwanath and Shannon, 2000; Crespilho er al., 2012) o {HT4EA » A1
LEFRNEERERZAENE 1L B SBEYRER > EEMEYEL > BURTREESIER 544
4 (Aires et al., 2003) > BOES | ASMRBHRE RN ER > W& R EL (Yildiz e al., 2013) 5 11 255§ 2 FEAY)E (granules)
GRHEEE T 2 A ER] - SO EE TGS TEEESN T ZAKEMYE (water soluble fractions) BT
FERFIA % Mg % 2 K575 77 (Pace and Graham, 1974) » S5A 5T N E H B =k o 2 B1Z2 2 (progesterone) T HE
FotE T IERENE A ZBAEIRA > IRIEEA RIS /2 S0 (Kampschmidt ez al., 1953; Moreno et al., 2013) 3 TIL Z5 < REAL A]
RE TS T A iRl e R - (F 15 BAREs Al B IR - 02 & {50 FH SRS FS 173 178 (computer-assisted
sperm analysis, CASA) [ » ZE 5 FEAL AT BB G R A IEREIAT (Singh er al., 2012) ;5 IV. R EEEARI I 2 ZR2E K - #7
R HELMTRE W E R = S S 2 R (Bousseau ef al., 1998) -
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BRI ER - (R EAEEE (low-density lipoprotein, LDL) /& il HER (it re€ 2 E 225 » P IRELE
s /W AEERG > PRS- AAERE Bk E 2Rk SRS T PURME IR 2 IR 5 5 (Medeiros et al., 2002; Muifo ef
al., 2007) » 1F Pace and Graham (1974) gJZX i HE e > LDL BiE 2552 [ (high-density lipoprotein, HDL) 435f{% °
SIRANIIZEAE TR T G5R 4 IRE S | HDL Sagss 40 » M LDL RUSECR A HE T-4fe 2 se %
M THAEFERY A BRI A DAY 45 5 (Demianowicz and Strzezek, 1996) o 537F Bergeron et al. (2004) iz »
BEROANINEA EY 2 LDL 2 Mk » HA-KE4EEE 1 (bovine semen proteins, BSP) &E(/) 50 — 80% » H 7F1% & B
5 T4 AR > B G B B R B A I - HEHfA 07> LDL mJEd BSP B EAZESEA - Wi/ BSP 124 H B1iE
T&5E o ATHIRE AR R B Y - 10 BEAREI IR HER FERZ Fy &5 b 2 LDL AR vl {E Rylkg 1%k % R OR A
IR - JHIL o AR EEBSIRNIIR ELRE LDL 28 HMREER - BWEEMAPEIR SRR E 22 -

MR TS E
L SEaEY)
AREABBERFH 3 50 2 — 3 R (i M A AE N 4 0 208 DHI SR HE 4 2 R4 1% (UFER A4 BBENE
650 — 800 kg » BAEN BB IT /0 Z PO o sl A A FElaa i (il -1 - R haioK - B B ]
HoEUTE - HEET 1.5 — 2 ke W5k BRIEHIER R BTG5 H 0.5 kg -
Il #EZEFE S LDL 7 ZEHEAZH By o3 i
(i) LDL ZZ£HL
A LDL ZHUTAREIEE Moussa et al. (2002) 2 (2012) FERTlZ ZEHCEBE » RE=RIA
2 R FSFEBR BRI (0.17 M NaCl) 788 - Wi7E 4°C M 1h» Hig o &Es0f 4CLL 10,000 x g BfEL
45 min - JUE FER - ERIRELEEGREEL—X - BEOERIEZ ERBIRNIA 40% iiig## (Sigma, A-4418)
R ACT R 1 — 1.5 higHL B  FF FJiE A ETRE R (MW = 10,335; Sigma, D-9527) » BERALT
W ZE K Y 4°C N ELRE AR AETTIENT 24 h (ENTBRESEOK 6 ) » Z 1R B R NIR A E
t o 2 4°C L 10,000 x g B0y 45 min 1% - FIOR_EIREEENTER - 5epcdt 48 h BT - B R TS
EREZIYIE 0 T PR ASED R LDL - /U EETRRIFTTS . LDL fEFER 4 CUKFEHH -
OR-Z2/i=V=vagii
HF 100 g JRE 2 LDL £ mE Y 104 CHEFE P HERZ 48 h > 2 Al FEELGTREZYE & & - LDL [
(recovery rate, %) 515 ¢ (AT Z EEIRE (g) — 2 EY@Z%E/TQ% () / ZEHUH 2 FE =R E (g) x 100 -
LDL [ K iZYVE & B MréE SR 405k 3 fir -
ML 7% SRR < Fo#d
() FEwEmER o
TS 2 Wi - Joll 75% EEE N ERER AR - AR ERER A 2 BT A0 - B/ N0 ThE
B FEENED T EERRED o RE=EE 110 mm B E o SRR HTRERED DUER -
DA 7] i E B AR s (FEROR T - IR E R R R iR R 7S - W2 EE
M 2 {55822 0.17 M NaCl JghS » i o s P Ay 4 - 7 10C N RAEEIEFES | h 2B RfPES
MR 10°C LA 8,000 x g @0 45 min {2 UTEE FIER » B DL Rl briie 00— Al 2 Bk Bl R PR
B EEOR o B PEERFEREIR A S BRI 2.42 g Tris ~ 1.48 g citric acid ~ 1.00 g fructose ~ 250 pg gentamicin ~
150 pg penicillin DUz 20 mL 50/ —ZKZEEH 2 /KRG E &5 100 mL 5 55 BRI T FREEINA
0 14% Hmsh - HERpTELE B [E S — P EmR 2 fo T -
(i) “NEDEE LDL FifeiE - fosd
P& M RIR AT BN 2.42 ¢ Tris ~ 1.48 g citric acid ~ 1.00 g fructose ~ 250 pg gentamicin ~ 150 pg
penicillin DLKz 8% LDL jA "R 768 2 W E /K H i E &2 100 mL > FE2L0.22 um 38 EREEE % - fEFER 4T
JKFEHR © 05 Eﬂ%ﬁ/&ﬁzﬁﬁ% 0 14% HIHAh - HEr e FS P EMmER - ff T2 mmEREC T
1 Fm » BWRER 2 BB BRI 2 FT7R -
IV. NRER 2 PREE BRI

ANERRZE (10 BERSE S H )Lﬁ”ﬁ%iﬁii‘%m TR SR F A\ T {Ef2 & (artilicial vagina, IMV, France)
EHETT > R RETEEE 2 T BTREZE - WER 15 mL B LENZ R - TEER BT EEREIR &I
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TR E ST > EFRRE 200 ERFCENER [ aFl - HfTIETIRAE 70% DLE ~ TE 4 RELE > HE=ETRE
& T TEE

® 1. SRR AR

Table 1. The calculated composition of bull semen cryopreservation extenders

Component Control Treatment
Egg yolk (%) 20 -
LDL (%) - 6~10
Tris (g) 2.42 2.42
Citric acid (g) 1.48 1.48
Fructose (g) 1.00 1.00
Gentamicine (pg) 250 250
Penicillin (pg) 150 150
Glycerol (%) 14 14
Total 100 mL 100 mL

F2. REHMEE 7% HiH 2 R E LDL JERE 2 A RERA HGRER S B R
Table 2. The calculated osmotic pressure of bull semen cryopreservation extenders containing different LDL concentrations
and with 7% of glycerol or without glycerol

Extenders Osmotic pressure (mOsm / kg)  Osmotic pressure after adding 7% of glycerol
Fresh bull semen 287 —

Tris- citric acid- fructose (TCF) 269 —

TCF containing 20% egg yolk (control) 282 1,692

TCF containing 6% LDL 261 1,590

TCF containing 7% LDL 253 1,521

TCF containing 8% LDL 246 1,445

TCF containing 9% LDL 239 1,399

TCF containing 10% LDL 224 1,325

V. RS AT
AR T2 TR B B R RS RZ% % 45 (computer control freczer, loeCube™ Series 14) #E(T + 7
BERREH TIRRERT L0 » SYRINL AR 2 & R A — RS SRS SR S THRRE - (EFPRDIRE S 1y
57} 6 x 10" (BH TR PSR M OB B A 35 — 3T ZBUR » LURKKEE /70 A 4C
AIRIEE » S 4C BRI | — 15 h - iR » DIASRE —ISEL S MIBREIOE TR KRR 5 3
SN » I RIRIFRE 10 min > (ERREITRAORICEEET 3 x 10 (BH TR 35 4C TH
WS FEEE 0.5 mL AE (IMV, France) e T IEH » BLA 4C4 B0 FE 2 b Sl B IR R
BNAEITRER 2 AEE - RAMRF Ry - 4C & -10C (-5°C /min) » -10°C % -100°C (-40°C / min) > -100°C & -140°C (-
20°C / min) S =B > USERMITOS R HERIZR » RSB/ SR HBIR IR K (seoding) FRFF - B4
A AR b BRERAESRP T (1196°C ) - FTARBRERALT MACRIZA T - 20T T
st » TTEIREA 37CKARISEARA 30 sec + R TR T IR F- LR~ 3745 -
VI BB
() pH EHIE
pH meter (pH 3110 set 2 incl. SenTix® 41) 4LR: (% » EBEMIBATHRAE A2 HEEHI pH (1308 -
Gi) 7577
REFIAS T ~ SO SRR RS AR BT MR 2 » SQA-VD™ » (TR BE M
RTINS S SO TRIE (WmL) - SEBYHY T (M/mL) ~ [RTSEEIH THHE (M/mL) -
SEBETESEL (%) - EATEEIRET ETEL (%) - TR TR 27 EE (%) AR THE BB (uo/
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sec) °
VIL EREHHEN I T 77 17 (CASA)
FIF B SEEENE T 2% LA CEROS 11 Animal #{§&f2 % (Hamilton Thorne Biosciences, Inc, Beverly, USA)
HELT R RS 106 7 (motility) (%) ~ Aif#E7E JJ (progressive motility; %) ~ 19 PR & (velocity of average path,
VAP; um/s) ~ 15 B 4R s B 2R (velocity of straight line, VSL; pum/s) ~ SE5 il 4R 28 3K & (velocity of curvilinear,
VCL; pm/s) ~ f% 1 F 2 {fl B 1iE {H (amplitude of lateral head displacement, ALH; pm/s) ~ %+ 15 §f F T #H 2 (beat
cross frequency , BCF; Hz) ~ #EBhYRi[A % (sperm track straightness, STR, STR = VSL / VAP x 100; %) ~ &SV E 43
1 (linearity index, LIN, LIN = VSL/ VCL x 100; %) -
VI 7 A AE %
B A 2 7 2C4HAE % Fy Guava® EasyCyte™ HT System WiZHC InCyte™ $RESHEIT 43477 » NEELE RS
Z:4¢ (fluidics system) ~ FEE2 224 (optics system) DLk B8 2247 (electronics system) » 73 #77H H AL © B FE%
4347 (viability assay > Live/ Dead™ Sperm Viability Kit, Invitrogen) ~ JEi& - GEIE 52 845347 (acrosome integrity and
viability assay, EasyKit™, IMV) ~ }& - 45 B4 45 4347 (Mitochondrial activity assay, EasyKit™, IMV) ~ 524 a/E
4ERESE L 3T (sperm chromatin structure assay) °
IX. &Etorth
ARWFE R & B RIS 2 087 ~ RIS TT ~ fER - SATE R R - MR RS VB RE DU L 08 Se B M D4R
ST EHEHCHS ( statistical analysis system, SAS, 9.4 KT ) HE(T 4347 + [ — e Pt (GLM) Me(T4877 9
#r o BELABL B EG 2655154347 (Duncan's new multiple range test, DMRT) 25 & TE g FRAR R 75 5 2 B M » WDLP <
0.05 HE A AHEZR -

wm R

AR LT RIE] LDL J4IE (6~ 7~ 8 ~ 9 2 10%) bR 20% T ( BHFAL ) - B e BB o AR A RS K
RS 2 8 - CASA MR A S T2 48 T2 0% 1 R A RS T SR | Foms » AR T2 I8 T
SEAFEBFRNN 7% (59.61%) ~ 8% (64.69%) B 9% (57.31%) LDL 7 M4 55 JJHEE (P < 0.05) 5 A I4H (20%
Heg 5 49.01%) B 6% (51.77%) Kz 10% (51.42%) LDL (P < 0.05) 7 ¥4l » DS 8% LDL 2~ R4 A E 2 Th
7+ RN 6% K 10% LDL ALHRAH > b5 -5 17 B I4H > FRAEE 22 5 « (A 758 IS 755 17 M L 45
B DL 7% (21.98%) ~ 8% (24.56%) Bl 9% (20.92%) LDL FEHH4H > [ ik T35 J15EE (P < 0.05) & S IEAH (20% &
w5 17.27%) ~ 6% (18.36%) B 10% (17.73%) LDL (P < 0.05) 7 J&¥4H ; DL 8% LDL @4l H ik 7 [a gifs T8
7+ 27T 6% 5 10% LDL FEER4H > 4% 7575 LN IRAH > RIEEEE 5 5 - 48 TS0 4 IO » VAP HgHE[E
SRS (um/s) ~ VSL S GBS (um/s) + VOL P SUEBISE (uns) - ALH 8% TP IBEIE(E (um/s) ~ BCF
¥4 T O B BT (58 SRR (Hz) ~ STR EL40H%% (VSLIVAP, %) « LIN EI4ATHE FR (VSL/VCP, %) 5545 T
BB S S BT o TR 7 8 2 9% LDL A4 ch B 1841 ( 20% 8 ) FLLLE VAP - VSL 81 ALH
M E (P < 0.05) ; TI7E STR ~ LIN % BCF SBREMEE5 » ] VCL 1F 8% LDL R4 Bt I ( 20% &3 )
P REEE A B (P < 0.05) ; Eufl LDL 4H (6% ~ 7% 9% ~ 10%) Bl IR4H g 7 SA71E « 6 81 10% LDL J5
411 T VSL BUE B IRAH AT S A B (P < 0.05) » ELMIRE T B )2 BUS I w4 R TE -

AR AR M BER 5] LDL SR 2 45 T8 - DEMESSAENE - MI4RTEM B DNA 5286l > S5 » 418 2 Bde
S BT » AL TG R BITANE 52 20 » L) 8% LDL (56.99 B 47.74%) BLEHEAH (20% ZE 5 5 49.11 81 41.96%) BV
MR (P < 0.05)  TIEHLRATG ~ 7~ 9 % 10% LDL > BESHARB IA4H %, 8% LDL [N HEE 5 50 - 155 MR
TR LDL S5 5 T RIS E M B DNA 528 53 » 4% P ian R e 3 -

7 &

Al B A E T AR SR E A Z T ARIEIEH Moussa et al. (2002) F2FET (2012) AT Z FEHEGEE > D&
#T 24 h ZREESTIRIENLLL 4°C ~ 10,000 x g ~ 60 min FE(s > FFZEHT 24 h > H LDL 7 [AIJ3 AT EE 54.27 +2.56% > HIK
5y B3 59.28 £ 1.43% > §ZYIELYE 40.71 £ 1.43% (7 3 ) LDL [HYCREZRFS (2012) HF52FT#5 2 LDL [H]UZ4K 60.37 +
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7.02% FE{LL » HIK ST (57.17%) BlazPE (42.83%) HELTAHAT - MESETY Moussa er al. (2002) 2 67% Z [EIUL# - H
AT BT AR T 2 A i A O B-livetin - AR s AN EL A BT - HEM A TR S ERETIET « Aalls
DURIE SRR 2 pH B 2 SR ER M T 2 38 - —ROENTRTESR &AM 2 pH (HEITE 5.5 — 5.6 i
AN $% 2 EE=REY 5.9 — 6.0 » FEAT{&OI 2 LDL pH {H&Y{E 5.95 » MAEMERSE T 56k -

At 3 - A E PN RE AR E O R TR - BEARUKD CASA J3ARiF &=
Tt REIR R o & 2 B PN T8 > 1E Amirat er al. (2005) FNRFZE R I7REMHIE 2 4558 - HLE FEEREZE T RME
T EEEEMER M LDL /AR - BRI ESHER | 2 S S g M o - BEE g sors e 2 248 -
AT A NIRE + SENE SO FE - 1 LDL #ifik 2 e BREH BB A /D 2 S AR B b 3= > BAS T IRE R IEE 57
ELEAE R E M) - BUREKEE & 2 LDL MRR - Ky 2 E = M R AT e 2 B 56 - AN 4R
K5 BENE 2 SEEEME -

F el 2 5 SR EET 1Y TCF iRl R 8% LDL B {4 2 20% Eoa /R 2 EHIRAH LT - Hig e 2 518
77 (64.69 vs. 49.01%) ~ [AIHTFETE T (24.56 vs. 17.27%) ~ VAP (116.07 vs. 104.02 pm/s) ~ VSL (94.81 vs. 79.73 pum/s)
ALH (10.02 vs. 8.85 um) ~ f 152 (56.99 vs. 48.61%) HBIGHIE T2 EL M (41.96 vs. 47.74%) 7 $ihE &5 L 8% LDL 4H 5
EENEEE (HIR) - BURAFEER AT 8% LDL JER] LLEUA 20% &=l lE Ry A2 AR A -
LT Ali Al Ahmad et al. (2008) BT 124 Bk e LDL SIS 8% & Moussa ef al. (2002) - Hu ef al. (2010) £
Hu et al. (2011) B5EEUR{T RETE /A4 (Holstein bull) /& HARREER HANII 8% LDL A i £ 2 K1 E8) 1 S a3 2 455
EAHE o FEERBH AR RN 8% LDL 2 /2 AR A & v B 20% E=MERIE A4 2 B EREH
EEEAHEEZARRERSE - 280 R R i - &=~ LDL V45T R4TH 87% AEE L 12% EH
BRTaHE - HPAREEE 69% =R H M > 26% BEAEE LUK 5% IEEIREES - R —E B R4Y 35 nm BKJP45H#E (Cook
and Martin, 1969; Evans et al., 1969) - [fij Bergeron et al. (2004) #5225 » {EFak KRR I0 LDL sl =AY R HLHBIR &
& o LDL (MR IR HEAHAEEL - &7 LDL s iR A Bk 45 &0y BSP & H'E D&Y 50 — 80% © [H4h »
TEMRER A& S B LDL HYREEEAH » 75 4°C T REF 24 h 3R - $E R P AVRE SRS IR RS FF &R L - 281 &
MR AN LDL &= » MBI 2 T L 2 IS E BRI AE A M Ny - BUr&ES= 2 LDL R~ {HE[EL
BSP &EH EAZEEIEM > oI/ BSP T B EHBUE T4 - IS FAIREREAEE R - B ks T4 AR = e
EEfIwEAE 2 2 - HOHtERZ BT 2 LDL Ml I E Rl T2 ek 2 R 2 PREEME ] (Manjunath, 2012) < FEHZ 8%
LDL /2 MR 20% & stk e B8 BN e 2 SR -

FHETFZMT I, » EE RS BTN & A BEB L (gelation) FR 52 > [f] LDL ZiE R LA LR 5 2 R
(Wakamatu et al., 1982; Kojima and Nakamura, 1985; Tsutsui, 1988) < LDL {4 5 5EH8 L3 S22 A AE(KA -6°C HYE
&N EEARBY LIRS T B2 KRNI LDL 2 451 » #5H i LDL b 2 iR 8 EE EHEEER » DL iz =
% HOH S FIRE A (AR R 2K - BB A &S 1 (apoproteins) JERCEERE - BHAEAZ A FITY /2 HAEIE S [REAHAEAR
KZ ORFELER] - Quinn and Chow (1980) 505 LDL i i 1% Horp 2 B 5 P (EAF TR AP IR © [L4P > Graham
and Foote (1987) F1 Trimeche ez al. (1996) 2t LDL HYBERS 0] DU UG T AEAYELERiERE - 1EiMmH B 2 AUBTERR
f& o Graham and Foote (1987) 7N £L 21| B8 fGH I B AE 44 2% (phosphatidylserine) SR HE &S (phosphatidylcholine)
B IREE TR A IREAE -

[EAh - £ 4 ZEEREUR 0 B LDL RIS ZE 10% B > 2515707 R AiiE 1-E /I8t LDL @i (K > B
R & 20% e 2 B 2 BUEAHAT - Hh4S R EL Moussa er al. (2002) fefE% (2012) iATRTEDT - EFRER+ LDL 2
FE SIS S 10% Bf » FEBRRENE IR R G RAEE - ISR TTREEMRIR 2 ERAR (£2)  EMBER
th LDL JEFER NN - (2ERREE > T o —fOEEiER2 158 Fy 287 mOsm/kg » & 20% &= 2 B IR RN HH
Hi 2 215 B8 Fy 282 mOsm/kg » 1 10% LDL AN H AT 2 2 R BHERE £ 224 mOsm/kg » SEE(RFEHEENY)
AR IE R 2R 300 £ 30 mOsm/kg #ifE - 177 Moussa er al. (2002) JeFEZ (2012) 7 REH » RV AR & &
BB IR« AsEnes ISR 7% HH o HI2EFRLITE 1,400 £ 100 mOsm/kg » %577~ Moussa ef al. (2002)
{EFHHCRIE Ry 6.2% FTflfe 2 ##5 1,200 £ 100 mOsm/kg » ZHIFARITH M E 73 EEAE] » AeEgtmigiRhic /72 85
% (2012) > A ARE IR ELEA [EHHRE o E2 080N 22 EREEE (BB AREUR ) JME 1,400 £ 100
mOsm/kg 7 fif] - Moussa et al. (2002) $1¥ 5085 2 LDL f#2 e » H— MR 28 IIERE 2 LDL » gl
MR SR R B AR AC A /E A 0 &R LDL )0 5 5540—36 £y LDL JEEHYNY g E L LDL 48 » #E—EK
LDL {ERAEYEE » FERIATAE A s e oA e s LDL R BiR R E 2 55— 1A -

i bt > ANAL R TRNID 8% LDL RS g1 2 28 N\ FE T EABEEN L R IRER T - B
BRI R 20% &=L - FIEERSE 5] - A 50 - BT EESSE - BT EREEET Y - 8



51 R 2 A P 2 1 B R A 00 % SR S e S
TRANFRERR T 7RI 8% LDL T LLEUA, 20% B S M REiRilE By A2 BRI 2 (A -

#* 3. LDLgZ¥E S8 oiaER
Table 3. LDL composition of dry matters

Recovery rate (%) Moisture (%) Dry matter (%)
54.27+2.56 59.28 £1.43 40.71£1.43

(o

[l

C

J: ~ EY
. ® 6% LDL

% 7% LDL

1118% LDL

=9% LDL
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Motilty Pro. Motility
L AR PRI FR R R & B R s DB AR a2 -

Fig. 1. Effect of different concentrations of low-density lipoprotein (LDL) supplementation in the extenders on the motility
and progressive motility (Pro. motility) of Taiwan Holstein bull spermatozoa after frozen-thawed process. Data were
derived from 9 ejaculates (3 ejaculates x 3 bulls). Columns with different superscripts are significantly different (P <
0.05). Five LDL concentrations were examined: 6, 7, 8, 9 and 10% (w/v). n = 3.

F 4. 2R IR FUR RS RS & O W= B R A2 MR E ) RSB 282 CASA Jiffrés iR
Table 4. Effects of different concentration LDL supplementation in extenders on the motility and movement characteristics of
Taiwan Holstein bull spermatozoa after frozen-thawed process by CASA analysisa

Items EY 6% LDL 7% LDL 8% LDL 9% LDL
Motility (%) 49.01 * 3.45° 53.77£2.29¢ 59.61 £2.94° 64.69 +2.80° 57311229
Pro. Motility (%) 17.27 £2.29° 18.36 £ 1.14° 21.98 £1.53° 24.56+1.15 20.92+0.58"
VAP (um/ s) 104.02 £2.19¢ 107.95 £ 4.46™ 110.47 +2.36 116.07 £ 3.79° 112.13 £ 4.44®
VSL (um/ s) 79.73 £3.05¢ 88.20 £ 5.08™ 89.47 £521™ 94.81 +5.26" 88.96 £2.78%
VCL (um/ s) 194.19 + 6.96° 204.58 + 4.46" 203.78 £9.23* 205.99 + 8.92° 205.57+5.93®
STR (%) 76.68 + 3.49 80.95£3.20 81.67 £1.43 81.67 4.27 79.38 £ 1.18
LIN (%) 42.85%0.69 41.71 £ 1.66 44281 1.39 4590+ 1.37 4328+ 0.47
ALH (um) 8.85 £ 0.44° 9.14 1 0.62™ 9.59 +0.50™ 10.02 £ 0.64* 9.6110.41"
BCF (Hz) 26.4411.53 26.12 1 1.60 26.70 + 0.54 27.36 £ 1.90 25.76 2.09

* Values are mean £ SEM of 9 ejaculates (3 ejaculates x 3 bulls). Means with different superscripts within same row are
significantly different (P < 0.05). EY: 20% egg yolk, LDL: low-density lipoprotein, Pro. Motility: progressive motility,
VAP: average path velocity; VSL: straight line velocity; VCL: curvilinear velocity; STR: straightness of trajectory; LIN:
linearity; ALH: amplitude of lateral head; BCF: beat cross frequency.a Five LDL concentrations were examined: 6, 7, 8, 9
and 10 (w/v). n=3.
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Fig. 2. Sperm viability, acrosome integrity, mitochondrial integrity, and DNA integrity with different concentrations of LDL
supplementation after frozen-thawed process in Taiwan of Holstein bull spermatozoa by Flow cytometry analysis.

Data were derived from 9 ejaculates (3 ejaculates x 3 bulls). Columns with different superscripts are significantly
different (P < 0.05). Five LDL concentrations were tested: 6, 7, 8, 9 and 10% (w/v). n = 3.
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Table 5. Sperm viability, acrosome integrity, mitochondrial activity and DNA integrity with different concentrations of LDL
supplementation after frozen-thawed process in Taiwan Holstein bull spermatozoa by flow cytometry analysis

Items (%) 20% EY 6% LDL 7% LDL 8% LDL 9% LDL
Viability 49.11 £2.78° 52.63 £2.56" 53.29 £2.02% 56.99 £ 2.88° 54.05 £2.50"
Acrosome integrity 41.96 £0.86 42.65+11.95® 42591 1.18"° 47741248 46.21 £ 1.66™
Mitochondrial activity 22.79 432 25.12 £ 4.64 26.66 * 4.66 21.96 £ 4.58 20.41 £4.08
DNA integrity 97.98 +0.22 97.77+£0.32 97.80 +0.23 98.3010.18 97.92+0.18

Values are mean + SEM of 9 ejaculates (3 ejaculates x 3 bulls).
Means with different superscripts within same row are significantly different (P < 0.05). n=3.
EY: 20% egg yolk, LDL: low-density lipoprotein.
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Abstract

The purpose of the study was to investigate the effects of concentrations of low density lipoprotein (LDL) in the
semen extenders on the quality of semen after frozen-thawed process. Three young offspring, derived from Ten Tons
Cows based on DHI data ranking, were chosen in this study. Semen was collected by an artificial vagina and diluted with
extenders containing either different percentages of LDL (6, 7, 8, 9 or 10%) or 20% EY (egg yolk, control group) to the
final sperm concentration of 3 x 10° cells/mL. The sperm motility, viability, mitochondria activity and acrosome integrity
after frozen-thawed process were evaluated by computer-assisted sperm analysis (CASA) and flow cytometer. The results
showed that sperms in the group of 8% LDL had significantly (P < 0.05) higher viability, acrosome integrity, motlity and
progressive motility than the control group. Besides, better motility parameters, including average path velocity (VAP),
curvilinear velocity (VCL) and amplitude of lateral head displacement (ALH), were found in the extender with of 8% LDL.
In conclusion, the cryopreservation extenders containing 8% LDL maintain sperms good mobility, progressive motility,
movement characteristics and viability. This can effectively improve the quality of frozen semen of domestic Holstein bulls.

Key words: Holstein bull, Low density lipoproteins, Cryopreservation.
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