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ET A FEAECS VIR E - (HERIRRE AR B s sl (P < 0.05) - fEBRIE Hiiesz 8 L - 838 300 HiRey
HIBTEAFEERIRE ~ S T8 BT R » BIERE TR B IEEMR - SBE S 240 — 269 HERH 270 —
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N H2KF (artificial insemination, AI) £l L& 2 E R & 4CE - SRR FTBCE 2L BERIFE » IRt & 1
RECX EL (Heape, 1897) » JREENR/ DB AFERA o TEF N THASHAMT AT TERE ROE i s » DARECRMG I i 8 I 26
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FE R 8 73 M FR B4 E A R 22 TR B (R B (o P B TSR A MRS 05 0 ~ WSROI S T AU RER TG » S E S
A FH R RSB BIAE 1 704 £ (computer assisted sperm analysis, CASA) {(HHIFE T-HURE ~ BTS2 RETFHFE R N
B FE SR RS MR R M & R 22 R T A2 %E (Boe-Hansen and Satake, 2019)  [t4) - BEZ RT3
[ - wE ey RO AR R o3 BT RdlT (flow cytometry analysis) 74 FH A R At b T 4HREAE 2 2 M ~ S DElE e 2 1
KT SRR EE (I FE oMl (Celeghini e al., 2007; de Andrade et al., 2007) » 58{b 15 T-4ifsédfs 2 A - AR
FIFHE il EE e NG S B R BN RS TR 4R JERERE N oA BT+ - SRR e R iReE - CIEM
N (Garner et al., 1994; Christensen et al., 2005) ~ /NE&, (Tao et al., 1993) &z NJH (Purvis et al., 1990) Z¥fE 2 51K
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(@)

(i)

AR EFRREE > FFHEERMER - HAHGEKFRREAZE > S AR TIELAFE
PERGNESS I > — FHRERE — TRIEE R BRI EITHRUE - SRBREAIRIEN KRR IR
e RIRZIE A TERE - WRAUS ZHiE iR ELA 100 mLERRA - FHHRARER » IRR EERK
A L6 CHRRFEN » ILRIEEI =T oM -

T R LA RO M RE

PEBRE ST HIRERIL 20 L BEAFERERILER R £ > D37 C R ERERTE 3 /R A R R
HITHM - 285 (1995) p8UTELBFEIE - DUIEHEREERE 7750 > 3 R +++ CGRZEE) ) ~ + (UF
BEE )+ (R1BEF)) o HET PG LA RIS » 70+ DUT ~ 70+~ 704+~ 704+~ 754+ ~ 80+
80++ ~ 80+++ ~ 85+++ ~ 90+ ~ 90++ ~ 90+++ K 95+++ 2 o R EREE MR Bl 23 4 A H 95+++ ~ 90+++ ~
90++ ~ 85+++ ~ 70+ 2 5 FHAE G > A 45 T HENE T 75 77 0 95+++ 5 98% > 90+++ 5 93% > 90++ £y 92% >
85+++ Ty 85% > 70+ Jy 70% HETTELET 34T+ A RURIE R U IRE ARG/ > LUK 7518085 (SpermaCue,
Minitub, Germany) #E{T8MH]  Y8E T EEUBERORE x FIREER -

0 O b= et 8 A R = R RN

(@)

(i)

TERR SR
[RGB LASE BT (EasyBuffer A, IMV, L'Aigle, France) #if# » Bz il OB FH%EE K 3.5 x 107 sperm/
mL > DI =U40AE 5 (GUAVA Easycyte HT System, Guava Technologies, IMV Technologies, L'Aigle, France) 45
Ml -
FER B T
TR E AT 28850 (2013) J77A#EAT » THE BEIERE T E% (viability) ~ BHIE g HE58 54 14 (acrosome
& sperm membrane integrity) ~ HI 4% #5 f5 88 {i7 (mitochondrial membrane potential) ~ 5 T~ 2% /& 45 f# (sperm
chromatin structure) S5fE 4SS TETIRRE 7347 -
LR
fid#l SYBR 14 working solution £ 1 uL 22 SYBR 14 (1 mM) + 49 pL 7 easy buffer > mix solution A %y 1 uL
~ SYBR 14 working solution + 1 pL Z #i{ERLE (propidium iodide, PT) + 48 uL 7 easy buffer {ffFH - H{ 3 uL
VAR By 3.5 x 107 sperm/mL 2 FRFERE R NI_E 147 pL easy buffer & 50 pL mix solution A JE&&1% » 72 37°C YL
B 10 pgEfe DUR ARG (T /047 » SYBR 14 FEECARRERE (2% 2 & 1 - PI AT ECARERE 2182 58
UKHET > DALHIERES -
2. GANE RAE TR SE B MR i
fid#d mix solution B & 1 uL 22 PI + 0.5 uL 2 PNA-FITC (Sigma-Aldrich, St. Louis, MO, USA) + 48.5 uL 2
easy buffer 5 ] © Bl 4 uL JEFE & 3.5 x 107 sperm/mL 7 FFFEAE RN I 146 uL easy buffer & 50 uL 2 mix
solution B &% » /A 37 CHEBERIE 10 738 (% LU AR EEHETT /04T » PNA-FITC EECEHIE 25k » PI
RIEEECAHRERE AZ 48 2 SE TS T » DAL E BEE ok T e B4 14 -
3. MR AgREER AL T
fic#Y mix solution C % 2 pL 2 Guava JC-1 + 48 uL 2 easy buffer ] » Bl 3 pL JE2E & 3.5 x 10" sperm/mL
~ FRFBE RN | 147 uL easy buffer & 50 uL mix solution C JE &% » 1 37 C LR E 30 2y LR = 4H
FEEHET T A > DLIC-1 A TRERD - R AE F SR8 (depolarization) Al JC-1 B HEEGIF = - 2k
S o B ARHES By LRAE (polarization) RI| JC-1 68 » EFEEEE > DU HIE I ARIERE—E (T -
4. KBS T
fid#l AO (acridine orange, AO) staining solution £ 10 pL 22 AO solution + 9.99 mL 7 staining solution (6 pg/
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mL acridine orange, 100 mmol/L citric acid, 200 mmol/L Na,HPO,, I mmol/L disodium EDTA and 0.15 mol/L
NaCl; pH 6.0) f#§/H - Bl 5 pL JERE B 3.5 x 107 sperm/mL 2 FFREES &I 200 uL 22 TNE buffer (0.01 M Tris-
HC1, 0.15 M NaCl and 1 mM disodium EDTA; pH 7.4) % » A 0.4 mL acid detergent (0.1% Triton X-100, 0.15
mol/L NaCl and 0.08 mol/L HCI; pH 1.2) » 24 30 #M2F I 1.2 mL 2 AO staining solution » Z= A B5E 3
el DUR ARG ETT 0T - AO BEZ Al BA&E R 5 B~ B8 DNA K¢ J Bl DNA &4 Hi AR [EE L
DAL E Ze B 4E i e B M

VAR EARAR BRI TR 3

IL.

BIAAE R M IREAEREMELL SAS E454HS (SAS, 2013) 7 fZ B 7% AHRH (Pearson correlation) {77347 » HHEAHEL
r FETY -1 B 1R > PLO<r<0.3 RfEEIEAR > 0.3 <r<0.7 K AR > 0.7 <r<1 B&EfEIEMHERR - -0.30
<r<0 RIEEEMER > -0.7 <r<-03 FFEEMERH > -1 <r<-0.7 HefEEMHEE -
GEtort

AEEBPTUCEE 2 AR MRS T P9 E £ £R2E R 72 (mean T standard deviation) o » slERFTHS 2 & THEUE
(] SAS EAEHES (SAS, 2013) DL—fe&R M2 (general linear model procedure, GLM) #7745t 717 » 731
SEAd AR ~ BN H e RS SUE IR MR Z 28 - MDA tukey fRE PR ZE SRRV E M -

R

mrE iR PEAR 2 s 2

s ERIEE 357 BEFE 5 fe 84 BHEERRHTLL 441 BERE N FEEIRGE TR MR i - G550 | Fr - #g s
PSR T B 187.49 +37.61 mL ~ ST 92.81 +2.24% « BEEARE TS 5 0.40 +0.10 x 10° sperm/mL ~ 4
HETFHE By 74.40 £ 20.81 x 10° sperm/ejaculation » 5 F{EEZ ) B 79.68 + 14.52% ~ VANE Kk TR 50 B sp
K 65.79 £ 13.71% ~ KEfudiae 2 LELFIEIT B 29.88 £ 16.83% » FIgE AL /B 4550 B2 LRI By 91.31
+10.77% + EEERHTIE R & P39 By 207.87 £ 41.66 mL ~ JE SIS B 93.06 £ 2.12% ~ AFIRUEE R 0.35 £0.09 x
10° sperm/mL ~ Z&f%E 8389 B 72.15 + 19.76 x 10° sperm/ejaculation ~ & T-17 5% 45 B 80.96 + 12.89% - GHIliE
FRE TRESE IR TG B 66.44 T 14.33% 15 TR 8 EMLELFITE By 29.51 £17.97% » #E T- A ESEfE52 5
EEBISEET By 92.73 £ 7.63% o FELLEA& e BLEE B fn el A2 52 | > AR ARG IR B (RN EER T A%E (P <
0.05) » {HHAFR RS AN B3 = R BE B i A %% (P < 0.05) » Kennedy and Wilkins (1984) 588 R AFEIE R E ~ 1
BORTE ~ SR T A th - ST aEE EFRMEIRZ MiERZEE > [{E Smital (2009) i5EH » EoAg A% ve B18E
BT ANFE 2 K B4 B B 185.1 mL B 264.7 mL » A&7 4T BB 0.50 x 10° sperm/mL £ 0.43 x 10° sperm/mL >
TN il & s B R B BIFRURIE » 554F Schulze et al. (2014) WFE7RE HIHIS e AFERR BEEE i A8
BEERRERERIT AR S - Kt LiRE B S IEFEINE AR - 2 IIMEAE S I A
PRAF R E A8 O RBR - RL P A AV S &UiE 18 J1PH B A T EEAYR IR © Schulze e al. (2014) S3HT1EE] Al
UEAFEHURERIERE - HADE T B A FEE R R 9 Ky 147.1 mL » AR ERAS e F B HE SRR 9 &
0.433 x 10” sperm/mL » RIEEAEAEGHE e A5 BER4 S - 3R (2008) 3Rl 4 f A TIAABUEFE EAE R AL 36 (B - s
% 1| HZME a5 75.7% » Mikgik 3 H Z B F a9 5 61.5% » ARG AL AFER e R
H 88.0% ZfFiER o RSB RULSE SIS o > B ERRTE B RN FIS LU EEERET T - BREZBEMT
B0l E DUR AR AT /0T - T REN BRI R 1 HNSERR T - DURAIIEE T 2 G T E3R4eE
lig =i ok (2008) AL BEFFRE 1 HFTHI 2 4558 BUREFE S 2 M E RIF 2RSS -
PRAE H i g R ik 2

INFEHI M e a4 e 7 L~ BRI R Z 22 (Kunavongkrit ef al., 2005, Huang et al., 2010, Yeste et
al., 2010, Kumaresan et al., 2011) - Reiland (1978) i Schinckel et al. (1983) MYIFZCIE HEE T R AR E LI 5 —
6 HER MR GRIG R A S - —fE 7 — 8 HEREEAFE R C BEAZER T Rt > EEHAKEEE
B EEE T BB T4 - 28EEFEEEMSEAFEHILE Y S FFE T8 R 240 — 299 HER
FRNFE - HE G RIEE/DE 300 — 350 HEREL 350 HEs DL B2 0N RislB i i fRERAE I 2 A58 H iR ETTLE
B2 0 7 Fy 240 — 269 HER ~ 270 — 299 HEie & 300 HER LA | 3 4 » H& e A FEBnss a3 2 Fios - MFEEE
g HE 2SR AFEE T S E RIFHEE 0 240 — 269 HEGAFEKE T /a5 92 77.75 £ 14.02% > 248 300
H BB RPN S B 89.58 £ 6.41% » MITEMSKE - 483 - B E=% - valgE Bl
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FHATE R MR L | > 300 HESLAAFERRE S 270 — 299 HEBEL 240 — 269 HEG/AFE (P < 0.05) 5 [Mijkir&¢
A EMABELBIRTE 300 HESDL EAFEEZERGY 270 — 299 HEEL 240 — 269 HEL/AFE (P < 0.05) « 47 FAEFHETIR
270 — 299 HEHL 240 — 269 HELFERIEARFIAMIT - 300 HEg ML A8 5 AFERIE R R EENBRE ] - HEHIRIA
Fie & - FARHINEMIR S T Hilisc R - SULERBRE DR AFE IR E B4F (Huang et al., 2010) © Pinart
and Puigmulé (2013) 1305 9 A AFERERIEIRE B E RV R A R R E RS -

*® 1 EEHE AR 28

Table 1. Effect of breed on semen quality traits of auctioned boars

Traits Duroc Landrace
No. of auctioned boars 357 84
Volume (mL) 187.49 £ 37.61° 207.87 £41.66"
Motility (%) 92.81%£2.24 93.06 £2.12
Concentration (10” sperm / mL) 0.40%0.10° 0.3510.09°
Total sperm number (10’ sperm / ejaculation) 74.40 £20.81 72.15£19.76
Viability (%)" 79.68 £ 14.52 80.96 £ 12.89
Acrosome and sperm membrane integrity (%) 65.79£13.71 66.44 1 14.33
Mitochondrial depolarization (%)" 29.88+16.83 29.51£17.97
Chromatin structure integrity (%) 91.31%£10.77 92.73£7.63

“® Means within the same row without the same superscripts differ (P < 0.05).
*n =355 and 84, respectively.
"n=2338 and 79, respectively.

2. 50 HilR g e AR R IR Z 2

Table 2. Effect of the Duroc boars age were collected semen on semen characteristics

Semen collection age

Traits 240 — 269 days 270 — 299 days over 300 days
No. of Duroc boars 82 257 18
Volume (mL) 188.35 £35.98" 184.48 £ 35.14" 226.56 £55.71°
Motility (%) 92.88+2.08 92.77+2.37 93.00 £ 0.00
Concentration (10” sperm / mL) 0.39%0.11 0.40%0.10 0.43£0.06
Total sperm number (10’ sperm / ejaculation) 73.39 £22.60° 7329 £19.71° 94.89+17.76"
Viability (%)” 77.75 £ 14.02° 79.60 £ 14.84° 89.58 £ 6.41°
Acrosome and sperm membrane integrity (%) 64.06 + 14.41° 65.71 £13.58" 74.92 £7.99°
Mitochondrial depolarization (%)" 31.15+19.13° 30.27 £ 16.28" 18.50 £ 6.90°
Chromatin structure integrity (%) 92.37£8.60 90.70 £ 11.65 95.28 +2.32

" Means within the same row without the same superscripts differ (P < 0.05).
" n=82,255, and 18, respectively.
"n =178, 243, and 17, respectively.

SNTAE S BT T E00E HiR o0 > (R 00 HER DL HFEEEA 1 BUETHE RN » SR ASET T > R
15 H B 57 By 240 — 269 Hi f 270 — 299 H#e 2 4 » 4554055 3 Fion > H 240 — 269 HEGHE RBEHE S
A 270 — 299 HESHE RS (P < 0.05) » Knecht ef al. (2017) TZ2H5 HEHE AT d0 2 ANFEkS % » 8830 13 — 18 A
W AFEERREEE(RT 8 — 9 A AFER 10 — 12 A > H 13 — 18 AR AFEEREEE SN 8 — 9 Hilg X
10 — 12 A#A%E > HELdaig 8 AL 13 — 18 AW AFFARENFRIR - BURASE(T 18 Hnl » FEFEHY
DA LS T8 AR EERGITASE 240 — 269 HESEL 270 — 299 HilE > HAERBREEAZR - HepER



YR MFE A MEE BECE RS SiEE HIEE 26

MEIRAREEE 252 - WIREN 2 4 R4 A AR B BRI RRMEREN R R 2720 - HEERIT A SEPREE
SIS ) o iR SRR MR 2 S BRE TR BRI TR -

T3 R HERHERT A AFRRIINZ 22

Table 3. Effect of the Landrace boars age were collected semen on semen characteristics

Semen collection age

Traits 240 — 269 days 270 — 299 days
No. of Duroc boars 20 64
Volume (mL) 203.70 £ 40.08 209.17 £42.36
Motility (%) 93.25%2.55 93.00 £ 1.99
Concentration (10’ sperm / mL) 0.39 +0.08" 0.3410.08"
Total sperm number (10° sperm / ejaculation) 78.25%16.83 70.25+20.34
Viability (%) 83.67 £ 8.68 80.11+13.89
Acrosome and sperm membrane integrity (%) 68.99112.13 65.65114.95
Mitochondrial depolarization (%)" 31.04£19.28 29.09 £ 17.74
Chromatin structure integrity (%) 95.07 £3.09 92.00 = 8.46

“® Means within the same row without the same superscripts differ (P < 0.05).
"n =17 and 62, respectively.

1. BB AR MR 2 s 2

INFERE TR T 2 I E R 2 T %55 SRk Em il (Huang et al., 2000; Pefia et al., 2019; Rungruangsak et al.,
2021) » BB FREVE i BVTHIE - BRERZIRIEHGEEINEIE - LEFERNERET] - BEIEEIENNSEE
FETERE R (Paterson et al., 1978; Lucy and Safranski, 2017) » ¥tA\FE 450 J17NE B HEE 2K /K &)E) (Cameron
and Blackshaw, 1980) ~ #% /7% J& /& [# {& (Egbunike and Dede, 1980) ~ & JJ [ & H.JE #8 B & 2 1% 11 (Egbunike and
Dede, 1980; Barranco er al., 2013) S MERKIZAK (Flowers, 1997) 5 o KR oA ad SARERIE H 10 LZRETE T 008 3 —
SAHREZRE -6 -8 HREEZE 9 — 11 HRMKE - 12 — 2 A BAE » WEHETREROEERER 222 &R
WK 5~ 6 Fn o AR AFEIRRREE T LA FEERGNEFLUE (P < 0.05)  BETBEFRLFEHES
JARKEE (P < 0.05) » BUEZ R AL » MDREEEIE T AFENKE - IS AFEERA AR E - 51t
S AR o AR T - AT AHRER SR RS S LEL Bl S B R m E R 47 - R i gnae S kit
BIEE SNEZE (P < 0.05) » BUNKERRGEEREERZE - BB ivOEBEBwREILHIDKERE - SRR HAM
ZREf (P < 0.05) » Pefa et al. (2017) f5HHEVEIHERE RS+ DNA 55 E 4 - DNA BEAE T 1 aE 2 IS4 A
HESIE I R AP R ERAY R > Didion er al. (2009) 20 FskE+ DNA J BrbAE K 6% » & o7 0 52 K e (30K
Vo KBS EHIR R AFERE ~ BTG - BT EE - TR RS TSR E o ZREME RS =
o BT A TG RORE R G R SN E F R (P < 0.05) - Ay B 45w B L IRk REE N A= (P
< 0.05) » HAMIRTY & R EffE AR E 72252 - Pefia e al. (2019) W72 Rl 7T DNA SEREMERENE Kl 7y B 2
BB IIERE - AR BRI EAS e MR T AFE AV R MR - RS S Y E R RGNS
PN IRORIE B T A VB SR B M Al E - HERAMIR AR A RN B B A FE TN 2 SRR e fa A < 58
B

IV, & AR A A 14

KBRS RO ELIE R E AR R A B -0.23 > 2KE EAHREAL Ciereszko et al. (2000) B EAH LAY
4EEE > 1f Knecht er al. (2014) TRZE7REE I - FE & 2 EROBE UG R E 2 TSR » HEIGE Y -055 2
-0.66 7 fH o S B1LE S 8fERAME | Kozdrowski and Dubiel (2004) {EEFFERIZE R 383 » Wi 2SS
HTERAM: - FHRA(GRES 0.77 » ARG ERIASE - I HRBIARER 0.73 » JRED = EAHRE - fEAHR T E - E4E
AR & ~ BETIET ~ WO S s 85 4 TR - SRR R A TR &% - Bl R T
FASEEER ~ T RIARAG B bR SO T B S e R E 4 THMIR - (45 4 MRS Rl iE 1 Blg 4%
B ST R EA PN (r = 0.39) Z4h » EaptiREDR AR I AR 2 2AREMHR e =4mhE
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18 4 TR AIMIR T > R TSR BLEENE R bE TR BER 2 L IEAHRE (r = 0.84) > B TR BB bR E&E
SAERE (r = -0.79) > BUfE T B SRS BeR 2 1 IEAHRE (r = 0.66) - BURATZUAIEMER 4 TSR MR H BE 1
B o ERR IR R IR R A E - RERN R [ P B RT3 1 T oA - AR A RS - SE T B S

EEEARH AT EEE

RERMEFET o3 A 2 Bt - A AR B M RE TR SOl TR B S A BRI Rt
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T4 PREFEIEHS TR IR 2

Table 4. Effect of season on semen quality traits of Duroc boars

Traits Spring Summer Autumn Winter
No. of Duroc boars 121 61 80 95
Volume (mL) 190.63 £37.41 193.80 +40.55 180.09£39.95  185.68 +33.03
Motility (%) 92.99*1.71 92.21+3.57 92.75%2.09 93.00 £ 1.79
Concentration (10’ sperm / mL) 0.42 £ 0.09" 0.37%0.11° 0.36£0.10° 0.43 £ 0.09"
Total sperm number (10’ sperm / ejaculation) ~ 79.16 £ 17.89°  71.19£23.39®  64.12+21.62°  79.06 + 18.48"
Viability (%)’ 81.03 £12.85 77.31116.81 77.36 £ 17.67 81.46 % 11.42
Acrosome and sperm membrane integrity (%)  66.29 £12.30 65.59114.48 63.83+16.57 66.94 +12.20
Mitochondrial depolarization (%)’ 2693113.80°  28.75+15.99"  3336%+19.91°  31.84+17.71"
Chromatin structure integrity (%) 93.60£7.47"  90.10£13.66°  84.95+14.95  94.53+287
"¢ Means within the same row without the same superscripts differ (P < 0.05).

"n=119, 61, 80, and 95, respectively.

“n=121, 61, 80, and 76, respectively.

xRS HEFEEAREERTRIRZ 2

Table 5. Effect of season on semen quality traits of Landrace boars

Traits Spring Summer Autumn Winter
No. of Duroc boars 24 15 24 21
Volume (mL) 203.38 £39.62  210.80+53.51 211.92+£38.84  206.29 £40.06
Motility (%) 93.21+2.32 92.33+2.58 93.421+2.04 93.00+1.58
Concentration (10’ sperm / mL) 0.40 £0.07° 0.31£0.10° 0.33£0.09° 0.35%0.06™
Total sperm number (10’ sperm / ejaculation) 80.61 £ 15.34 64.23£21.76 68.47£23.16 72.36 £15.90
Viability (%) 79.28 £ 14.22 76.90 = 15.48 83.75t11.91 82.5719.91
Acrosome and sperm membrane integrity (%)  66.03 £ 16.21 66.01 £ 14.60 69.16 £ 14.80 64.12%£11.59
Mitochondrial depolarization (%)" 28.91%17.83 30.28£13.13 26.67 1 17.89 33.931£22.49
Chromatin structure integrity (%) 93.75+4.51" 92.29+6.07" 89.40111.88°  95.67+2.54

“® Means within the same row without the same superscripts differ (P < 0.05).

"n=24, 15,24, and 16, respectively.
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Abstract

Semen quality directly affects in the breeding traits such as sow’s conception rate or litter size. Boar’s semen quality
can detect and predict the fertility level of boars and is a key measure in maintaining productive efficiency and avoiding
economic losses. This study used flow cytometry to evaluate the semen of Duroc and Landrace boars participating in the
Formosan Farmers Association for Swine Improvement auction. The effect of breeds, days of age of semen collection and
season on semen traits were analyzed for application and selection of breeding pigs with excellent sperm production ability.
The results showed that the Landrace boars had higher semen volume but the semen concentration, compared with that of
Landrace boars, was lower (P < 0.05). Regarding the influence of days of age at semen collection, traits such as the semen
volume, total sperm counts, sperm viability, and acrosome and sperm membrane integrity of Duroc boars at aged over 300
days were significantly higher than those at age 240 - 269 days and 270 - 299 days (P < 0.05), indicating that Duroc boars
over 300 days old have better semen traits, compared with those boars at younger age. While the effect of days of age on
Landrace boars requires more data for further analysis. In terms of seasonal effects, the results showed that the chromatin
structural integrity is lower in autumn for semen collected from the semen traits of Duroc and Landrace boars. In sum, the

research results can be used for future evaluation of breeding and selection in breeding pigs.
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