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FARRESIHIRST B - B X HSF

MEEE @ MEkR @ ZEREEC MO RRE® gReE O

WefH3H - 11249 B8 1 5 #2H : LI34ES H 23 [

W B

S ST T Sl S SR 18 2 S R\ AR T T B S S 17 R Sl S e
SRR - AR IER S L SR 8% SEmA L7« L9~ L1 & L12 BEEREE  D—E{H (8
PG TR V1T 2 B T 5B 55 0 LAY A e T S B B FERGSE T R LR
4o GEEEET ) UM S PR ATE Y 16 BIEEE « ATFSRR B TR « B TRE T (motility) HS TRIMES
B717 (progressive motility) 1E5% A A HIE 25 (P < 0.05) » IS TARER (viability) 165 ZMIHIfRRTE 225 - gk
B B « SHERLR - R RARATEC R - RRASE TR R 2 RERGSE U R 1 S T B
RS R (P < 0.05) - ZHENHLRITHEE FHITEISIE TR AE f AR ERE 25 (P < 0.01) - AFILBREA
BEDIFSR 0.3 mL DL ~ 5 T 3.0 x 10° (B#5 T /mL DL ~ 5 TEEY /73 70% DAL « B TRIHEEE) 72 30%
DA R TR 60% Db BB B AtE - st 20 RAVREEE » IF7r i 14°C IFE S e (FHL > R (o Rae
2 VIR AR  REEI LR BB 0 2 BI BT 91% - 77% F 83% LA b » BRI A e 5 60 e D
PRI o] AR (S R S R T (RN 2%
BAGES ¢ B - WS TRUMESESN) - 2 - B -

4

& LA E R X2 LB B AV E) Y8 B 2K 5 (Tunsisa and Reda, 2023) © 2017 FE 158 K & 2 Bl R 2 i 0 e
2 (The Agriculture and Agri-Food Canada Report) H1 8 bIE ARG 10 (B - HZHERET 5 82% » {£ 2017 F£—
o IMZEREL 1.8 (EEf2EE - HEEES 3 EIT SR BRI E R AW LRI S R385 - I fE
Ry B R R E R (Adegbenjo er al., 2020) - ST UGS 500 (REH - fh 2 EHHE R NRERYE
ETEMRAFEN S - ME] 2050 4 > SEEHFACTHEREZS] 96 (8 - {EMHEYIME R AT KL g RETE i1 (Mottet
and Tempio, 2017) °

BB SRS (fortility) B (1.7 (hatchability) 8048 1 [ 8F (day-old chicks) [t MEATRI(EI L S - 548
Fefn Rt g 2 M E SRR A AR > EiEZERE (Wondmeneh ef al., 2011; Churchil et al., 2019) ~ fHEEF
% (Tona et al., 2001; Zakaria et al., 2009; Churchil et al., 2019) ~ fE# &&= Bl EIREE (King'ori, 2011; Pawlowska and
Sosnéwka-Czajka, 2019) ~ A\ T 545 (artifical insemination, Al) #{EF 1l (Dubey et al., 1977) ~ FEEIFFAE (Whitehead
et al., 1985; King'ori, 2011) [z & (King'ori, 2011; Nowaczewski et al., 2022) ~ W LEF2AY A ELEE (Fasenko, 2007,
King'ori, 2011; Noiva et al., 2014; Pokhrel et al., 2021) JzfEEMEE (Tona et al., 2001) FHRZE o ATELENFE ML
SEHEEEEEN—AEESY > FREUEE A E TIVEER B AL 40 — 42 FHlEeEREE TAVEE > 42
TR TV EA = IIF L% » BRWFHEEE 18 RAVIEEAR B ELE 10.90 — 11.10% i E A o] 5 R L
(Tona et al., 2001) ©

|

(1) EEEEl A s B AT it e e 56 2791 9% -

(2) SR B e B P (AR B4 -

(3) B e EELCEH -

(4) TEEEF BRI B E i A VRl & -

(5) #EA/E# > E-mail: shwujen20200626@gmail.com °



HEENEE TR AGE IR 2RI LR % 2

SHIEERIIEIE (blastoderm) 71 7 &5 1% 1 A T 4K R BH B AT S B =8 B BT IR (R AV RE J1H Fs i & (diapause)
(Fasenko, 2007) - REZfEZE NEERT > HEARER S ALEPE E (blastodermal stage) © & 32K AV HERR & A (E0R [ RT3
BEHERIRE ST > # ARG S (embryonic diapause) o EW(LAT > HEERDRE WA R 12 — 18 CAARYAEEZR
FEARFHIERRAVE—S 35 « 28 » A ZEORIR RIS S (&% 28 X)) » AVAREFE 12°CHIRRA T ARIE TEH
% & (Pokhrel ez al., 2021) = FEZTEEITEREHIIGAN > FF WA LAEFE F 2 FRARIE T 2R 2 1 (Whitehead et al.,
1985; Yoo and Wientjes, 1991; Scott and Mackenzie, 1993; Beaumont et al., 1997; Kuurman et al., 2003; Ishaq et al., 2014;
Nasri et al., 2020; Abioja et al., 2022) -

FE N TGRS BN R S - A\ TROE T DR SR R NS - MR E R E A TIE
IR ZE 2 — (Mohan et al., 2018) - #& N\ TH0FFEL H AR (nature mating) Y52 F5ZAH (L (Dubey et al., 1977) -
TERE BEN AN FRE JJRE (Tesfay er al., 2020) - 45 F - HERGBEREHEEREINERE - HREIG - BT
VRIS RS TEEN ) FofE TSR EE (Mocé and Graham, 2008) - STE&EHENEE 7578 (computer-assisted sperm analyses,
CASA) /& IR o3 ol (s T 480&E 8 /7 (motility) ~ Fi#EEE) /) (progressive motility) Je HoAll K5+ & &) 28 (motion
parameters) Y F 3% 245 > — (Svoradova ef al., 2021; Muvhali et al., 2022) - [E4) » BSERHT (fluorescent techniques) B
i AHAEEE (low cytometry) BT DA FHFE HY B E AR SOV AR SUHE PR + 1708 22 (viability) ~ K5 BHNEIRER (acrosome
status) ~ H74EESEE17 (mitochondrial potential) ~ DNA $5{& (DNA damage) ~ fg'&#%/E (lipid peroxidation) Kz ATHERE -
JBEF (cell debris removal) A% T/ B UEF(S (Svoradova er al., 2021) -

B ER R E SRS EEN TR —HERNEE  BOMIERIRVHS TR - EEfEA
A Fe NJTEARS RSN » TRAT R EE E MR i E L RIRYZE R - Rt PR IR S EE - DU e RIEE
HIHTFERE - BB LB DRETRE 4 28 R Sr T AR 2 B 2 2 S 2E5RS A tE R R s ER i (AT
AR ) 2 B+ BT S O % 3% L7+ L9+ LIL B L12 2 G14 1 GIs HE{CSETERE » HE(T A BEH T
s B AT 0 DA — A B 2 A S R AR LR A BT B ot 2B EE R - IRa
TR MW LAY fR it e e 5 TS5 -

MFERTTE

L &)
AW &S T e BB ) a2 K (i F/ N B B A JACUC 4Rt ast@l s 110-34 81 111-26) - (S EER
ZE LTS AT SRS R (M > 2022) 2 G14 81 G15 H{CVU(E % (L7 ~ L9 ~ L11 Jz L12) %t -
SEEREZEELIHIELACE FREFEHGROGHEN " 2B LR LAGE 9% ) EREHETEER
W R TT AR -
II. fEEH
HEN B RIARKEERME & - /N 0 — 3 BN SRS OR S - 88603 21% fHEHE 2 3,100
keal/kg TIEHTRE 2 BAAE < 4 — 17 FHET FEE0 S RETE - RN 4 — 6 AECELE]S 18% & E B 2,900
keal/kg TIfUEHRE Z BilAE > 7 — 9 FHRERET = 15% M & H/E B 2,850 keal/kg A AE Z filkE » 10 — 17 B AR AT
& 14% K& HE L 2,800 keal/kg FI{CHTAE 2 REEK} o (EEFELIZERY 18 HES AR (B 7 = EFE T E EERER
TE 0 18 — 19 FHERERE & 17% FHE A EEL 2,700 keal/kg FI{UEHAE K 2.0% $57 A& - 20 FHle LAR ARG = 17%
E B 2,700 keal/kg TIACHTAE K 3.8% &5 Gl - (FEEEAKER 18 HES IR HE A/ AHESE - 1Y 18 — 19 iR
EREa AR ZER} - 20 e DAIR B AR /S FERE ( 12% fH 8 '8 B2 2,700 keal/kg FIAGHAE F2 0.7% £5) » /KEAGERHE & (21
52010 -
L R B L EE
FHEEERR A TG HEIT 2GS EC B E - & 5 RET AT » KBRS 2 REBRWERESE » SHEEDE
TRCIEERGTE H I > &R B 10 BRATUR SR — LR 0 JRUREE 20 K - FEEUERIIETREES A 14 CHITFE
= > MEMRSHEEFITHEAZERPNIFEERG > WNEEIES 18 KT 16 - 00 giEfEES HFEE
REDRAETTIONR » 25 19 BA5E 20 RUNEERVREE EHEFEN GRS B> A5 20 KRR 15 - 00 AR EEM AR L
RPERSETE 5 100 °F > DABGEIMHEIESE - FEAWR 10 RAETERE > FEEE I I EERE I LE > EE
EREML > NAWIRE 18 XN 13 - 30 fAtGKF R B EEAE AR SRS AR A R EEGR SRR EREE T - DIRECRBEZE
W L1% ZsBHY IERENE » RERAAEERS A S BNV SS AR TR ENH L SBAEMCRERE R 99 °F « AR 21



3 RS AT S O I SR LRI

KA 08 & 30 AT A BB A BESR (RS - WL ERSEEE 2L &R -
TV, e 2 58 R LR

() HEMW L - (EREARER KR E SHEBEN S RE NS 28 %5 EE & (https://www.
angrin.tlri.gov.tw/) Z B FHE KL © HEE 14 FEHETTER M LI BA A b oo g 28 o e 6 O (2 Hh Lo L T 36 1 T
eHl o (EEEREHE AN FEE 18 HEHT - VKB RIS ML MBI N RV RS - KR (EAE 16 ARG EE B 5
7 40 iR E EBUE TR N FE PR R R Y - (AR A FE RS A Y 10% - [REERI SRR 16 i
BEE AN E T FEHRLICEIRSER K 0.5 (SRR R 2 AV(E RS - FhRHz SRS A RS LEE - BT A8
T ML R FE B MR RE AR E (PREE - 2022) -

(i) T E Rl ¢ B A 40 FECIETTERNE - A ERSEHEI S R o i Bk o s Y EE) /T (motility,
%) B 45 B kS - 2 (progressive motility, %) » i {5 7 2o 40 HE % (low cytometer, Guava® EasyCyte™ HT
System, France) {5 &2 77 -

(i) FEHEMEAERIE © EEEELIEE 18 MRS AT AT & 2 (B0 E EFE AT EERERE - meHE B - VE
H i (age at first egg, AFE) » #JELEE (egg weight at first egg, EWFE) » 40 HE5 555 (body weight at 40 week of
age, BW40) - 40 FHES 95 (average egg weight at 40 week of age, EW40) » 3 40 75 7 S8 (egg numbers
up to the 40 weeks of age, EN40) ( #£Z£ > 2009 ) -

(v) TEZEEEHBINOAE RIS R EEEAR S IE TR - EREIE RGO EREEEN 108
BRI TRORE A T — AR o (IR L R 40 Bl E EBEIEIIEEEY 60 — 70 EELEH -
JRTEZE 45 RS » IRBHEEEHIT KT 2R 10 EFEAH - EERFHESFEICHE - DL &R S —
7 SRS T N THNE Sl B8 T — A UEE 20 RAEER ST —(EHEIRAL

(V) SZAGZENE LA © T AWEAVIEE 2 S8R Ry AR - AR 10 RifEfTEeE - RAMEZRFEHE
FRyfEAG R o MR A 21 K1 WE D S SOR HBkE -

AEER = ( AWHEER - EEER) /AREER -
TEEM LR = B AWEER -
AR BN = R (AWEE - SEER) -

i) FHARRARIE T BRIARRRESE T « T AWRAVTE & 2 S8 Ry Fy AWHIEEESY » TEE AR 10 RAETEE - Al
ERFEHRAEEMESEERFIAFIRE - HEAR 21 K& 2 R SRR E R (BRI %R
NoEeHIfESE ) IR Ryt - 2% -

FHARREIE TR = BHAH R ER (ARER - fEEER) x 100 -
TRHARARSE T = 1Rt R B ( AMRESR - MfE &%) x 100 -
ERARRESE T Z = (R BB + R R ER ) 7 (AWRER - fEkEESR ) x 100 -
V. &iEtoth
FIIFH SAS &at o Hriks (SAS, 2012) » DL—4R M4 IE (27 (general linear model procedure) #E7 T8 75 774fr »
LAP <0.05 RyBEMEHIE - AHRH AT (correlation procedure) HEFT/NEERS i E 2 BBEEZIFA - BERRIE T i
B R 0BT -

R B R ER

I BEE R R

EZELHETENLAGE HAUELDRS S > m&R A5 HR L7 ~ L9 ~ L11 R L12 > 3Z VU{E 5 ZEAESD
BV RE R D AR R - W 1997 SEiEE mEa m BT LR EeE 9 hEES —HEBaH
SECHY L o [FIRF o REPO{EFTH S S R T ACHY TR & S R RS R > Rl R AE RMEREE R Z
L12 () x L9 (Q) BrEmal LA R It G > MEEMREERZ LT (8) x L11 (Q) hEsl LRIt & (K
%1996 ) > HAEFR FIHE 8 S 2 EEREI9RE (BE - 1997) @l B 0 Hamdh T sl LB#GE L
Tt > EREHEE LGS T ER L BeE T2 > CHEREMEAESEE > FLAEHRN LR
O B E 2 e U R A R LRGN T e L REEAN =5 - s EEREE LT LR
BE - REERERECaSN T 2B HITER ARG E ) WIREETEEBHICUERTE LR -
HeiE 280 HER VOB AE S (HL L - SEEREE L HITHGLAE8E —9mAR L7 L9~ LIl R L12 Y
G14 81 G15 HUBE A IR EASETRRE N 2 1,744 S ELE 2 1,847 €€ - &L 16 MERESEARE - B mAeo s B i pites



MR fEkis ZEpE EY KR GHH 4

A& - TERBEORISEHEE - AR T E T B EEMRERER - Gl4 EARERFEREHEE A
Bz L7 ~ L9 ~ L11 f L12 fEAFEEfE R #E 7 IR 10 23 68 B ~ 10 24 70 £f ~ 10 22 70 £z 10 22 62 ] » G15
EAUEE R (F Ry B BRI AR SR 2 L7 ~ L9 ~ L1 R L12 f A BB AL 2R R 1l By 10 22 60 £ ~ 10 24 67 £ »
10 72 68 BEFz 10 22 59 £f » &EGH R HARGER - G14 B G5 AT 2 BEH R0 3.7 — 6.0 » BEEERI
22.3 — 35.7% > T FEEATE REHE VYB3 751 By 4.6% B128.6% (R 1)

*1. ZELHTELAGE SREHTEE G4 B GIS HUBREER %
Table 1. The breeder selection percentage of G14 and G15 generation in inbreeding lines of Taiwan native chicken Taisui

No. 1
Generations . No. of chicks studied Breeders Selection percentage (%)
Male Female Male Female Male Female

Gl4 L7 195 224 10 68 5.1 30.4
L9 173 196 10 70 5.8 35.7
L11 257 255 10 70 3.9 27.5
L12 168 184 10 62 6.0 33.7

Gts w1 30 w2 0 60 43 28
L9 190 194 10 67 5.3 34.5
L11 262 288 10 68 3.8 23.6
L12 269 264 10 59 3.7 223

Total 1,744 1,847 80 524 4.6 28.4

N =3,591.

II. BRSNS o8 T

HABERE (2022) By BE A AE AT RY > G14 A L7 ~ L9 ~ L11 Jz L12 55 5 S (R R 6 7 B 26 2
182 £} ~ 32 /N 142 £ ~ 24 4N 185 51K 30 /N 142 1% B84 G15 R L7 ~ L9 ~ L11 K L12 &5 5 (7 el gt 4y
A 26 7 142 £F ~ 32 /8 147 £ ~ 24 /5 167 £} % 30 2 127 £ o bRk G14 81 G15 SRR/ 2 16 78 55 5 5 Bl
BB ITaER (£R2) ) WELAFEEEAE Y 16 ARfEE - NHERE - B THRE - B HE#h BT
AT GBS RS FAEREmAE B AEE AR (P <0.05) - WESZRT @ &k L7 (@SR A 16 Hi-7Y
REEEAE G14 B G15 U Fyv EE - HX I hl RyimZ L12 BL L11 > [ dn % L9 AR BERE N 2 Ry il - {2 fd N
2 16 FEISESEELE 2,160 — 3,319 g [ » SEH9 2,691 265 g o fhZ L7 ~ L9 ~ L11 K L12 {#EEfE/ANEE 16 HiS
B R B Y I AT EE 3,319 ~ 2,924 ~ 3,145 K7 3,176 « NHERS R EAE 0.03 — 0.90 mL > £$5 0.40 mL - 55 TR
105 — 5,404 x 10° §% T8 /mL > Z15 3,878 x 10° ¥& T8 /mL B EFJIME 0 — 99.1% [ > SEHg ks 82.7% -
F-HIEEEITE 0 — 87.7% » 395 51.0% « FE5T1F SR 0 — 92.8% 2[4 » SE35 5 76.4% - thig G14 #1 G15
AR AN 16 BEIRE  HRE - B TRE B FEET - B Ee) ) o FaR AR =
o GRENEEEANEERE - BTRE - BRI EE TRIEEH AR S 2R E 2R > H
B A2 16 B IS E BRI O T aRAF R A HEAEZE =R (P < 0.001) » GI5 A EEE A KL
16 FHE IS EE G14 tHAAYEERE A BEEE > (H GI5 R EEE A AR RE T 53R A G14 {55
INFEE K - Mohan et al. (2018) 5 HIE R g6 L fE A FITRE R & fy 0.05 — 0.50 mL » EEARIAZER IR E R 0.1 —
0.9 mL » [iAZEATHE TR mL &7 300 — 7,000 x 10° {E{E T-400E - Abise > Z&+2mdln L as 950
BRI S S > (RN AN EERY ISR EAT 0.03 — 0.90 mL - {EEEFE AR FRES mL &7 105 — 5,404
x 10° {IEEF4HHf - B Mohan et al. (2018) HY4ESAHIT - Tesfay er al. (2020) #5H% B4 (Rhode Island Red) B2 93]
HF #E (White Leghorn) 53 A AEEIERE ~ pH ~ B TFE81) - B aR REFE T O o tbaEE i miE
EIHVZEE (P < 0.05) » JESATEL A PIFHE 13 RIVEEZIER 7 Ry 89.46 B 81.73% » THEMH L2257 11 K 60.85
1 66.79% » ZAGEMALZA 537 By 72.44 B2 71.73% - Mussa et al. (2023) LB A Sk SRS R EHZREIA
+-%ffd# (Pradu Hang Dam £ Chee) BRI EFFIEIFFE T - 7 24 E0HEEE 12 TUERK » W0 H 57 Rl - —
HRAEFREH (> 03 mL) » 55— BEFRELH (< 0.3 mL) - A EEES A 2 IRV R IR E 2 BE R
& OBE - BEEN - BT EER K pH E 0 SSREFRE T EERI > WERE SRR HERE 2 AV R o
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MR fEkis ZEpE EY KR GHH 6

B2HMEHEEER - EASHRENHILEARERENHEEAEFNERLE - ARLLAHRERET 0.3
mL DL R TR ZE YA AE > HhE Mussa er al. (2023) BYWIFEAHEYI& -
BRI E A RS T E i

iz L7 ~ L9 ~ L11 f& L12 §9 G14 81 G15 £ 20 10 &/ % - £ 80 & - LE#EE G14 Bl G15 H{UR
G i 2 TE A HE 16 IR EUE T B TEER (£ 3) > IESATEA R 16 HERREE - BREE - B TEE - BT
JEENT KRG RS TR EREAN EL AR B AREER (P < 0.01) » AR 16 HEHEE - FHRE
FtEFEa S E A FEHARIVEEE EZR (P <0.01)  HEAEETRE - B EE - Wi Es iEtt
AREAEFHZ EZR - WESRART - &k L7 EREAE L 16 BI85 2,991 £ 72 g RyigE > HI3 R Fyin %
LI12 BLL11 > 435705 2,802 + 173 g Bi1 2,729 £ 209 g » Tfii % L9 AU EERE A\ 16 IS VRS EE 2,424 £ 206 g Fyi
B8 o NHEREREAE 0.03 — 0.90 mL > 15 0.40 mL « N HERRRE TIRELE 3,142 — 5,404 x 10° {E#E T-40HL > S
4,253 x 10° {ES F4HHE - N EERE T S8 I1E 70.2 — 99.1% 2[5 » S35 5 82.7% o /N BEAE ks TR S8
1£30.3 — 87.7% » 39K 59.3% o NEERERNE TG RAE 60.6 — 92.8% 2 ff - 15 By 79.6% o N TIIEH(E
FEEERNER » (R EEYE MR VEESF B TEERIIREMNME » EEAECHELE » A T2 LA
PR EEGERNEIES] - BRI E AR S E 20K (Mohan ef al., 2018) < if&K i E 2R EHEMEE
VEEENEZERNZE - N EREMEENEREES A ETEREE (McGary et al., 2002) -

IV, B R R R R SR L%

ZE LIS AGE - SFUMEIE M A LT~ L9~ L11 & L12 #EEE Z G14 81 G15 AR E 75 7l
TEHZE 45 — 48 B UL EE 20 RfEE > HEN 4 CHHFRETIME - b G4 E GIS HHER 2 EE
R FEENH R 2 ERH LR R B 92.6 £9.9 vs. 91.4 £ 12.2% ~ 79.4 + 18.6 vs. 76.3 +21.6% J% 85.2 + 15.9 vs.
82.2 % 20.0% > T FIEEZ R « BEIEE L ZHEEREZR R0 5 92.0 £ 11.3% ~ 77.9 £20.2% & 83.8 +
18.1% o [Liy G14 B G15 4852 L7 ~ L9 ~ L11 J L12 fl 2 > fli B 5 sR) Ril B 93.8 + 9.8 vs. 92.4 + 13.7%
89.1 % 13.0 vs. 88.7 £ 13.4% ~ 94.6 £ 6.9 vs. 92.8 % 11.2% % 92.6 + 9.8 vs. 92.1 + 9.9% » EENF LRSI RI By 82.7 +
17.4 vs. 79.1 £ 21.6% ~ 68.0 £ 20.1 vs. 70.4 +22.7% ~ 83.7 £ 16.3 vs. 77.2 £ 20.6% ~ }% 84.0 £ 15.5 vs. 78.9 £ 20.7%
ZHEEW LRI R 87.4 £ 13.7 vs. 84.2 £ 18.2% ~ 75.3 £ 17.2 vs. 77.9 £21.9% ~ 88.5 £ 15.6 vs. 82.2 £20.1% ~ &
90.4+ 11.9 vs. 85.2 £ 19.1% (= 4 ) ° [bi#: G14 B G15 H{CFHHE Z fEEZER - MEMIERE L ZHEER R - &
EZER I AP EEEELE (P <0.05) > DUin& L9 (K > [dnZ L7 ~ L11 K& L12 RREEE A=A - MfdEE
ZAERAE MR E R - HEMMEREHARFEEEE Z5 (P <0.001) » DIFER LI 5K > M R L7 ~ L1
Fe L12 [Ej R A2 2 > MEMMERE A EFEER - SBEEMRCRELARFEFEZSE (P <0.001)
DI & L9 B fi > Tiidh & L7 ~ L1 % L12 [REE 2R > B EMRERE AR EZE (P < 0.05) -
BE (199 Do e b HmAER (st ss At o EiER L e B0+ 9 R AU T
RLHE) AENTTELARL# (B L HEEE RN T =59 ) 0 HEEZEREIF LR H]F 86.2 K 82.2% - T
TEME (2003) UIHSEH » B LHEEN T 52 EEER - MEM LR B EMI RS H R 93.3 ~ 74.2
B 79.5% o 2255 (2001) 7 8 ZRALP 128l 5 52 BP + HE5 ST 28 4,606 M EEHETTIEAL > 41°P] - 2B S0P - 2
S ZRERR ST R Ry 85.7% H1 80.2% » AWFAEE WL 57 A1 By 72.5% B 69.0% - SZhF E W3 AI453 71 By 84.5% Eil
86.1% ° FRZE (2008) DALTPI 1 ~ SO - thERES 1 2 K Bl Bn P T 2 2T RS > MEEER 3 —
4 KT NTIRIE—R > IR - FHUEZEEDL 18.3°C /40 » TiF 10 KFEMEEEDE - B AN BRI
b > 2H4E 3 it o 40P BRI L EEANA 95% DL ERYZIE R » N2 EENM LR 7 5 B 57.2% K 62.0% °
th BB 2 2 E B B R A 75.7% » R BB % (68.7%) » R FEPIR#EELE (62.0 —
67.8%) » [ LALL IRV i 72 (52.7 — 57.2%) ©

KL ATEE AR E 10 KIETEER - BirEEEIE FE  RIFLE 21 REaCsri SRRk
i L Bl R Y R A (BRI R KRN SE R RV EE ) 0 BERSTE R T AR R ARSE TR ~ M HHIRIESE U R e
HARRRAIE T H B By 4.5 £ 10.1% ~ 11.7 £ 14.5% 2 16.2 = 18.0% » G14 tH-fEZE > fEE FHARHAIE T ~ BRHARR
RESE TR R R HAMRAGSE 2R3 7l fy 3.1 £7.0% ~ 11.7 £ 14.1% }%2 14.8 £ 15.9% - G15 A%~ fd 25 F- IR AR SR
T~ M EARRFATE T R S HARERATE TR R 5.9 £ 12.5% ~ 11.7 £ 14.9% K 17.6 + 20.0% - L G14 81 G15
AT 2 2 P HARRAGSE T3 ~ MREARRAGSE U3 M 2 HAMRAGSE R AE AR 25 (P < 0.05) > fHER
HARRRESE SRR AP EEE R (P < 0.01) » ZimAfEE Y FHIMIRTE TR ~ MHIIRARIE T3 2 HIIRARE
TRRIE L7 3.5+8.1% ~ 10. 6 £ 12.6% J% 14.1+16.0% » L9 : 6.3 £10.2% ~ 16.9  16.7% J% 23.2 + 19.5%
L11:50%12.4% 9.7+ 13.0% % 147 182% K L12 : 4.5+ 10.1% ~ 11.7+ 14.5% }% 162 £ 18.0% (% 4) - 75
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TR ZEEM R » EERIHLEE 3 BrvEE 2 IRIESE T A RS (MR > 2008 ) « FHAREF (<7 X) M
PRI T AR E R E I LR > B RHENELRIL - (i AR M SR TR - 28 TEERE
FIFEER (> 7 X)) F8% & IR N EEE LS R E R MBS R T - EEFERAVEH
EEAE AFHR A e e ST R B HE (R A (Rl A7 R ] 28 S A R B A S Tl S A 9 2 B (X (Nasri e al., 2020) © Abioja et
al. (2022) 1K 30 U LI FEVFEETY 16°CHFFE 0~ 3~ 6~ 9 R 12 Ri% » FETIHE » &S RBURIEZ (AR Ay Y
o TEEBLZEE I LA g 200 T (P < 0.001) - #k%F (2008) LL#R 28 + RERFA [FIFESCAH & 2 MBS
W LR R IRIRSE TR IE - TEERARIE U RAEAL P 2 ~ B T2 ~ o R R 1 2 K ol T 2 ARG ST
TR Ry 37 ~ 42 ~ 23 k2 39% © [ (1993) f5 HEEIRE# B P AMEPE T Sl » F—REERISET S EZE R
{ERTHARHLRIAGEE 2 — 3 H @ S - REMSE T S &R E MM LGRS 19 H - F—RSEHRAYHIEZ
RS AR - RS BRI - BRSNS AV LA E SRS > AR RS EEIRIET - B
1] =5 1 HH R R TE 2 ZE R 1 PR BE4H B BRI (4K B PR AL (chorio-allantoic type) 27 FIfilF-ui A i A4 H] (pulmonary
type) » TEE(EFEE: > HMEFEREK - HIHLIREZOKS - R BEEER ISR T BB A - M LATREEREE
14 REERH B 10% - MARARSETRAVEIIAER 7T (64%) SFAAEWHEAVE—1E » 5551 30% RIS EHE =1
(Whitehead et al., 1985) - &HIZ EEAINLE (BLIEZEIRE ) (R SR A FTAC R BHEE (CH SEh 2as 5y b Ay
REJIHE S/ & (Fasenko » 2007) o fH & 52K 3B SZ 1 S5 WA LR N FE B F AR e 3G i B2 TS - FIRInGS o 12E s
HEE TG NI EE I (Zakaria et al., 2009) © R}FfEE MEERS > IR IRHEFEE: (blastodermal stage) © & <2 5 EEHVHE
g0 TRREE SIEROERE ] > AR S > MENCRENHEER 12 — 18 CAANAMEZR
& > DR LATH (RRRARRYEE—20- 38 5 (Pokhrel er al., 2021) < fREZHTIGH | HERHEREATTEFRNPH LSS E
HEE A SERF L R B % H 155 (Ebeid er al., 2017) = A0 » RPTEKD - 88 7 RIVRIAIGE S EEB L
S 1 (Tona et al., 2003; Reijrink et al., 2010) 7 B 0F B E 4= & H 5222 (Fasenko et al., 2001; Tona et al., 2004) F1
FEZE T E (Tona et al., 2003, 2004) » (CE2E HHTHMA G T —IRE S REE G14 8L G15 HHEHE 2 FEZER -
TEERLE - 2B EWLE R AEERRRETE U ER B AT & ol T #EAVAE R SURRAVSS SR L - BEZAEEE A H TR 28 40
Fie (45 — 48 1lG ) HAEEMFEME 10 K (20 X ) » PIMEEZER - EEW LR KB ER LRI bz
91.9 ~ 77.9 ¢ 83.8% > MM FIIMHEMBGIE T FARI 17% > hEeH REFIVEE 2RI LR
ARG E - H e E - EESER - MRESE TR K bR AR M A

DIEEE R A B — SR R G14 91 G15 BHURR/AEE 16 I - FHR - FTIRIE BT
7~ BTREEE ) - BT EER  EEZEER - MER LR - EERCE - FIRESETE - G
R R FARRARE U T AERAME /i « 45 5R80R » AR 16 HERREH A AHE TEE ] (r = -0.57) - BF
HTHEEEN ST (r = 0.57) RIEFHER (r = -0.54) 2IEZE M S AR (P < 0.001) » FEAHE 16 HECREEMEH
KEFEEN ] - KRS Jofs T E Rt g iGE - FREHE /S8 (r = -0.41) B FRI#EEEN )T (r =
-0.43) B 2 IRBE L EAHRE (P < 0.001) « #EFREEIE /&S )T (r = -0.25) BUEFREEHE ] (r = -0.27) &
SEFEEHRE AR (P <0.01) - fF T EETEEFRIESE T (r = 0.89) 2FSEZIEAAR (P < 0.001) » #ifEF1
s (r = 0.62) 2HFEIEFHRH (P < 0.001) » M5 FHIAEEEJTEHE 83 (r = 0.71) E3EE = S IEAHR
(P <0.001) - fEEZERETHERLZ (r = 0.78) KZFEFEMRLE (r = 0.52) 235 E B TEAHR (P < 0.001) »
{BELFHARRAESE T (r = -0.52) e HIIRIRSE T (r = 0.51) B PR A AHRE (P < 0.001) > BAIGHHARAGSE
U3 (r = -0.32) Al 2 BB R E EAHRA (P < 0.001) « HEZEREHEFEER LR - ZBEMLE - FIHRER
JETE ~ HARIRSE TR R HIRARSE TR (£ 5 ) » Hu er al. (2013) f5 HIAHERE IR B B TR B A &R
S5 5 0.28 810,12 » [T T4 0 T8 B0 1 2 i o3 01 0.52 81 0.85 + ELKS T2 iR T35
B2 AR LAER (A = 0.88) BUREVIEIN rP = 0.59) 1%  Feyisa o al (2018) 5174808 4 BT BERRHLE T
REHEZIEFIIRREEG BT SR - B S8 - EEER SEER LR ZHBN: - FREEE R OE
TEENST (r=0.525) ~ FEEMEE (r=0.750) ZIEAHRH © Tesfay et al. (2020) $i5 HARIBE IR S B IR BE R A 7 T A
sl E ] BB A RIEE A REE /58] (r = 0.57) ~ B (r= 0.43) ~ fF 1% (r = 0.39) £ 1EAMHRE
(P <0.05) » [fl A ARHUAFEAVEEZEREBLE /S ) (r=0.71) ~ JRE (r=0.39) 21EAERH (P < 0.05) © [fj Mussa ez
al. (2023) f5 5K EBUEF/EEN )T (r = 0.303) 2 TEMHBHEIAHIT AT EZS » [HRFE A7 i aviE A #E
KOEERIE R E 0.3 mL DL EELE &S /] 60% DL EFTEL -

TEAE 16 HEASE B /8 2 AN - EHEEDERAR LRI (AW TifEE 2
TERIAP LR A FEAEEEERE  WE L9 A% 16 HE-FI88 S A = (5t S 8 s » HHfdHE
Z BB LR A R A = (Ein 22 o 1T L7 AR E R E - HEE A RER LRAR L EAHE
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BE o AR BB - 1A R L7 B L2 BASS R BEECT AT SBHaS 8N4 » i
T SRR AR R (Y L9 TN =

W A

HEPNTEEE AR ~ MR RE - MAHARE T E B B EN 2R BN LR - AT U 45 HlRE
{TRCTRETE » RARELUEIREE 0.3 mL DLE ~ TR 3.0 x 10° (@i 7 /mL DAL ~ WEFIEEh ) 70% DLE - &
TGS TTEE 30% DL R ARG RIE T G52 60% DU F Ry BERA e » MIGRIERIE 20 RAVFEEE » BFFH 14°C
MrER R METIE > W O RS2~ RER bR R 2R ER LRy B A] 2 91 ~ 77 R 83% DAL - {#
PSR HERE T an B BE A R ~ IERUUERREE R BT I AR RS VBRI R DU RO R AT EE R EL 5 Bl
EHIEE B SHMREIER B AR - STHEELER A TR > DUGERER LR RS & - f DUERIEE
HEFHETFNSE -

ae &

RIRFARITEIEEEZT EGRHEETE (110 RE-2.5.3- F -L2 8 111 B} -2.53- & -L3) K& ZF - slBailifx
SRR E B EREE - DR E FEE G E RS E E E e R S - Rt -

ZEXR

FhRE - BEN - MR RER  RBHE - IS - BEE - Bt - SRR - 2001 - EERG A T EEERE4E ¢
S REERMEE - TEREZE G RmES T - 2/ -

FRIESE ~ PRFEtE ~ TRITE - 2003 - FEERAMR GV RE + ML TAMERE 2 R0 8 - FERSE 36 ¢ 1-10

PREZE ~ SRR - BUEE - HEER - BURE - 28FE - HEMF - #(E - BUElE - SukE - 2RE - 2008 - ZE 1
HERFAEIFESC A & HEZHER - WHMER RARREIE T RAELESR - HEEaE 37 ¢ 221-231 -

MEEE ~ KM - S3800F - BIBERE ~ ETHH - SRAE - RFE - BT - §IRHE - 2022 - SEEHREE L #IT M
REERZER - HAETE 55 1 180-192 -

MUEE ~ SR - H5EFE - FE ~ PRERHE - TRFEE - RIUTET © 2009 o FE T HENTH in S LB HEIE S SCE &
A RBTEIE VRS - AT 42 1 319-326

FEBAE - 1993 - REFEE (M) - BRISUEEERMAIRAE - 24007 < p. 192 -

PIBERE - MRFAE ~ ERHA(E - LETHE - SIEER - 2010 - GRS FHEEER 2 BHSEEE - PEFIE 39 1 229-
237 °

Bt ~ R - AR B 0 1996 - EE LIRS ¢ I AT AR A R REEMREZE - T
Earsk 25 1 451-465 -

Bt ~ SIS  TRIFEE C S 0 1997 - EE LI | IV~ ITBln AR T ITHEIR S 2 AR BT ERE Z H
falaPfl o HEEEE 26 ¢ 187-196 -
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Abstract

Reducing breeding batches can reduce batch variations, labor and expenses in genetic selection for breeding.
Furthermore, prolonging the duration of egg collection and storage can reduce batches required for chicken breeding and
renewal. In this study, we used Taiwan native chicken inbreeding lines Taisui No. 1 (L7, L9, L11, and L12 lines) to conduct
one batch of incubation to produce the next generation and improve the flock. Besides, the sperm quality of roosters was
analyzed to explore its effect on fertility, embryonic mortality and hatchability of breeding eggs. The results showed that
the body weight at 16-week-old, semen volume, concentration, motility, and progressive motility of breeder roosters were
significantly different among the lines (P < 0.05), but there were no significant differences in the viability of sperms among
the various lines. Moreover, the fertility and hatchability of breeding eggs, hatchability of fertilized eggs, early and late
embryo mortality, and full-term mortality of breeding eggs were significantly different among lines (P < 0.05). There were
significant differences between generations in the hatchability of fertilized eggs and early embryonic mortality of hatching
eggs (P < 0.01). Breeder roosters were then selected with the semen volume > 0.3 mL, sperm concentration > 3.0 x 10°/mL,
sperm motility > 70%, sperm progressive motility > 30%, and viability > 60% and hatching eggs were continuously collected
for 20 days and stored at 14°C before hatching. The average fertility of hatching eggs, hatchability of hatching eggs and of
fertilized eggs were achieved up to 91%, 77%, and 83%, respectively. These parameters in breeding rooster selection, egg

retention conditions and breeding process can be used as a reference for chicken breeding.
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R R RS I AR LLPERIRG B R - BRI G S A BRI e EE T e 2 aaE s - sl
5 348 BH R 2ol AR AL =E 2 FLAE » S REAEE 33 ~ 43~ 49~ 57 ~ 65~ 71 ~ 78 ~ 85 Bl 94 JRAETT F R 2 AH B 9%
& (pregnancy associated glycoprotein, PAG) JRIERY AT o sl B0 PR 1 ~ 2 K 3 BHDA_EAYST5I(5 21 ~ 71
8% o D2 FR(FRH B SR AT E A A [F KRBT DAFL T PAG A EDRER(EHE Z Efia B Z2=Erydh 4R Tt - 77
Wr&ESREUT » AERE2 49 K 5T K> o3RI AL S PAG R{E Ry 1.208 % 2.643 {F RS HERRRE =AY FIEr - Hohidr T A
SYH Ry 0.903 Ko 1 o #E— DUBARLH IR & 534 7L PAG R [EDR S RIME R A R BUETT 2 MG Bl B p a8 2y
HIE - SHE B HEZ R RS AREZRE - GIREUT - KRB 49 KBt - Wilk’s Lambda {H £ 0.786 - 3%
A Z ke B a2 AL rh PAG REERAREE 5 (P < 0.01) ¢ & @AKEEE 57 K > Wilk’s Lambda value
K5 0.104 » FoREEA ZREAR B B f R Rl =2 2 2P PAG IR B MEIE 25 (P < 0.001) » #4249 2 57 R 1]
FEFI LT PAG JRIEIE 73 AR 310 Ry 2 RURG BLER B AE AR 5 - &7 LRTall - 42 49 2 57 RI RERI AL PAG EilsE K
HITE 20 R FE Rl B 25 Bl B ER S s B B AR TR -

R - PIEAENLLE ~ BEMREEE D - BEFEE -

4

HHRREE R KEEEEHAE ATk R A F o ite® - Bl B K2 B TR
M > AR R S R T IR A B H E g 2 B E N BBV HEE 2 2 (Han e al., 2012) > R ESARA BREF
BAEEHE SR - BAUFE BZ G (IRREE > 3) K> HEsAH R R 5007 K g B E Aufa B e ARG
WFEHEARFE > BEkE - EHEKEYENT K - HgEZ 2R BEEHE &7 ORIy (El-Sayed e al., 2022;
Mongini and Van Saun, 2023) - ZHEEREEUN & R B RE & IR ERTE (ketosis) BLFYRFFIMAE (toxemia) AYEE4: (Ji et
al., 2023) » #E FHERD R BV A IREON 45 T B RV HEEE RS o] DUR DRy 28 42 (Ding et al., 1994) -

P AHRANE & 1 (pregnancy associated glycoprotein, PAG) J& 72 MERY K T4 el 25 11 B 2 5 (aspartic proteinase)
H—8 - RRFEYZIBRRTTAEY)  KRaRZE G 2 4HRE (binucleated cells) Fir537i (Singh et al., 2019a) - Singh
et al. (2019a) FI] A % 2= G 2 0k [ 47 #f7 72 (enzyme-linked immunosorbent assay, ELISA) | & {8 22 2 B ([ (Barbari
goats) [MAFLLI=E4TIRMEBENE S H (caprine pregnancy-associated glycoprotein, caPAG) JEE - 45 R B REE42 28 KRR
3% caPAG REBZE SN AR FORBRBG G B M caPAG RIE - £RZRE L - 37 caPAG REE
AR 22 RBitGT S ~ 842 45 RIEZESIENAE M IRIG TR N - o ihig 14 REZRGE(E (Singh ef al., 2019a) - [
Sh - ARG R 2 A PAG JREEH42 28 REFGHE S N B ARGHYRETE (Singh ef al, 2019a) » HAEHEZ2H
FH SR FRNRIE M#4E caPAG JRIE » REERERG 2 R RIS LRI ARG RE S 1.4 — 1.8 £% (Singh et al,, 2019a) - 5 |
ACTRRATED - (A% PAG JRIE &2 F R P8 E AR 2 -

|

(1) EEEEN A BT b e e 2 56 2792 9% -
(2) B E S o3 P -
(3) EEEEl A BT R & o AT
(4) #EA/EE > E-mail: tpa@mail.tlri.gov.tw ©
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PRI AR SURNS RHE L PAG RS - (HEEREMIRBNEAMETR - HREBERTTREGHRERERA
PIEMEIG AN EEI (Gajewski ef al., 2008) ; ALFAEDAIMRFHRERIA - MABRIERAMET R - HATIEREY
SOH BN BRI B FR SRR BR MM RE R R F MUK JT0% BRI - S REAE SR H O MR AL B AR P U L
- MEBZIIAEA Pl PAG JRIE > IR S RERIMATIE AT S (Gajewski et al., 2008) < AR EARFZSUEN - 1
Y PAG JRIELY Ry E AL FIRIE 2.0 {5 (Singh et al., 2019b; Sharma er al., 2020) » [NItE - (EHEZLIE PAG JRIEHE
T2 H53 - BN - A7 PAG REIN G 2R RAI S F R AR E (5% » 2022) -

RIEt - AsBRi 5t A TECHELR 33 HFMGE AR IR ETUCEER HFE A (Alpine goats) {22 EE
ZFLEE > AER AL PAG R - $thi Lo PAG IR ] TR ER ARG BB (threshold) i 534 i (B FI 72 AR BB ]
B LUE R ERZIREHITENSS -

M A

L sAEgaEh e BB AN A LR AN R
A ER S 348 B E ARG ERET (3 — 5 ) BT IFEILE B O - fERTRCAETR 45 2 50 H
DA E K, (ALOKA Prosound 2, Japan) #E{ {522 M - WARSRHE B P8R 2 IE ~ RaRRELAG Sl K e g2 - Wit
AN E e TR AR - WECER T T AT TEEE - BRI BRI TR 25155 (2022) K Shahin et al.
(2013) » A "FAEA B BCHER 33 HIGPREE » FIERE—NEFIHES 94 K o PRENFHRL T 0. 2 AiEk
% 1 mL (YA BRERLE T » TR ERER 4C AR REN G EABITILE P AeinzE - Pelanikite
NI S
1. ELISA gl A A= Uk i PAG JRIE
A F PAG JEFEHIE [ A 224 # PAG fiHIZE4H (Milk Pregnancy Test Kit, IDEXX Laboratories, Inc., Westbrook,
Maine, USA) - 5% &40 F %2 [} ELISA METHIE - 5% 96 FLARA 2 FLIGMHE#E/I4H (positive control, PC) fz 2 fLf2
PEFZEfI4H (negative control, NC) < 96 UL A 37°C HERE NS 2 /NEHS 1558 1% - (496 fE st (SpectraMax®
Absorbance Reader CMax Plus, USA) [ 450 B 630 nm 7 & T HI & 96 FL A% th 4= FLEE AHY PAG 1% {H (optical
density, OD)  1& 2 {ffl PC Fz NC “F14{E & PC mean Jz NC mean > ffg PC mean Ji NC mean 7 “FH{E 0 KR
0.5 > NC mean ZE/N7A 0.2 0 fgflsS SR 7 BA AI(SFE - £ 7L PAG JEFE € 8515 520 A A A5 OD {EJE NC *F
{H » 75 PAG {H » F Sample-negative value (S-N value) & OD {H )ik NC “FIH{E Z ZE A 0.25 (A& 0.25 ) i
R > BIAIE RS (B 0.25 (REE 0.25) AR - BIAIERES -
1L &eEtor
et oot R IMP $1AG (SAS Institute Inc., Cary, NC) (SAS, 2014) #4{T - ABFFLEEA SAS S [E 2K E
PR R R LU =R AR 7L H PAG RS DAFE 2 E A F R (receiver operating characteristic, ROC) 73477 17 25 a4 TEMI
RS > G A& T i f% (area under the curve, AUC) FIAH H 3517 ] [ 7 D51 26 i P 24 e PR v Y TROMI e (R TR
FlET i VIR AIFRYE Youden index = &L (sensitivity) + 7521 (specificity) — 1 BYE AR(EHEITHIE - 1RALLHTH]
PRI — 0 B 5 B i SR MEAH ST BB )1 ek B (canonical discriminant analysis, CDA) {58 » #E—HERY
EISPRENG R RS (2255 33 - 43~ 49~ 57~ 65~ 71 ~ 78 ~ 85 194 K ) 7 RAE S HETERE 12 Wilk’s Lambda & 2L
SPAh 2 RE MR E A KRB LA AL PAG JRIEAVERSEIZE 1 ¢ & Wilk’s Lambda {E#I3Z/ N 1 1F > AT DAGUE
R et AR R KBTI PAG REHEETCE -

wm &R

L PAROC curve 73#ffal B FEAIREEFLH PAG K [EIREME R R R EHIE Z R fa 22
AetBau e 348 SRR FR AR 2 AB - [RTHET A AT 32051% 10 Hanue LU I TR 22 > teoReEsy
WHRZEEE > NS — (=R ( 33 K ) FsaiRek - #LT PAG JRE T RIRZ T (33 — 43 B ) ~ 2]
(49 — 78 K ) FARZARI (85 — 94 K ) #EAT o3 M o Fy T REAE R R HIHIA R s bl B FR I LU Y R 22 BH EL
DIF g A EARE RSO T I 2 A B EE » DL ROC curve fEIREAREIRET MAFL T PAG A [ERAERI(EF
TEZ BB FAVBIEM: - FrRM Rk AUC EHIR 1 HApBUE A EBGTER - 1- FFREAIRERESER > AUC
BRI 0 2 1 EBORRERFTEE Y PAG RIS RIEETT HIE AV AERE S Bs o ASUBRIRZ M R RLLI=E S 10 5H
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1~ 2} 3BERLEMYSTRIG 21 ~ 71 K2 8%  #£ ROC curve 4347 » AUC KA 0.9 BIMFR LA E EREE 5 - Ak
Egiit— DL Youden index {E Byt £V %L FIEFSIE > Youden index FHERFE DARUE 4 B B 5 4 b 2 R T »
HEGENN -1 2 1 BT | RRTEIEH RN RS 28R 0 RIFRRTEHIER FEHGE K
4k BRI [BE Z 5 33 ~ 43 K7 49 K Youden index 43 Bl 5 0.677 ~ 0.806 ~ 0.806 ¢ X255 57 ~ 65 ~ 71 ~ 78 ~ 85 K 94
X > Youden index ZfH & Fy 1 » BEURE AT PAG Gt A 2 AEREI R i 2 B RN IR 49 £ 57 K -

F 1. DBRCE R Rt & o I B IR LU = 2L T B AH BRI £ R RS RRME S R R BT - HIE 2 Aa R
ZAEM UM ~ e e R th &R T S
Table 1. Result of ROC curve analysis [Se, Sp and AUC] of milk pregnancy-associated glycoprotein (PAG) ELISA

assessment for determination of multiple (> 2) fetuses based on different threshold values of PAG concentration at
different days of gestation in Alpine goats

PAG threshold values 95% Confidence interval

Days of pregnancy . Se (%) Sp (%) AUC and P value
(S-N value) Lower bound Upper bound

33 0.300 100.0 67.7  0.720 (P =0.006) 0.563 0.878
43 0.446 100.0 80.6  0.828 (P<0.001) 0.696 0.960
49 1.208 100.0 80.6  0.903 (P<0.001) 0.785 1.000
57 2.643 100.0 100.0  1.000 (P <0.001) 1.000 1.000
65 3.326 100.0 100.0  1.000 (P <0.001) 1.000 1.000
71 3421 100.0 100.0  1.000 (P <0.001) 1.000 1.000
78 3.756 100.0 100.0  1.000 (P <0.001) 1.000 1.000
85 2.126 100.0 100.0  1.000 (P <0.001) 1.000 1.000
94 3.146 100.0 100.0  1.000 (P <0.001) 1.000 1.000

" S-N value : Sample-negative value
Se: Sensitivity

Sp: Specificity

AUC: Area under curve

II. CDA Syl FERIBEE 2L PAG R[] (B R [ 22 KB 57 22 Rl e BR EE RG22

Ry RS 26 B M B B R A R (B 1 2 K B B PR R L= 2L PAG JRIEAHRIRUE - #— DL CDA #EfTHF
PAG R [EIR S R E R B 2 R BT 2 MG B B B AR I e VA » s B AR 2 R E R A BEN AR -
CDA 53#7/& 2L Wilk’s Lambda value #E{THIE » HAHHE /M 0 2 1> #ERT 0 (ORI EMA > K2 T
1> AU RTsZ 2 00)N - CDA 73R4S 3R 40155 2 S5 R BUR B 52 R ¥ 49 KEf4A > Wilk’s Lambda value £ 0.786 >
REEE L G RSNG4 A1 PAG JBE HAREEZR (P <0.01) 5 & WBEREGE 5T K > Wilk’s
Lambda value % 0.104 » FoRI8H 2RO S iA RIS > P PAG JRIE HAMEEE 25 (P <0.001) » BUREZ
49 % 57 RETERS AR A PAG ST 7 25 Hufa K B e f fa B 22 -

¥ &

BRI - G HIRRENTZ (immune tolerance) > BIRFASHY SR S 4 G ARG Sl S AE RS TR AVHLR » BB
MBIEH 5% S fE (Bainbridge, 2000; Abu-Raya et al., 2020) - H Hi S E)4TH 100 278 PAG » + ZHFEHRGHE P70 0dh (Xie
et al., 1997) - 1 Wooding et al. (2005) FYRFZEREETR » PAG 4370 F B %8 B 4MHE (mononucleate trophoblast cells) TH
VRGBT S AT S RO E AR o (RG> PAG fE 2RSS E AV A G > Hn] SRRy o e R M 4 i
& ~F-f (Wooding er al., 2005) - & LIS 5H 2 HEAaNE - NG SCBRERS BRI N 2 i - BERS P RERY fe i HkEk m]
HEHE K (Dotters-Katz et al., 2015) o

B PR Al I e R T R E AL R MBS TIE - THUS MRS T REEENAEERE - =
BE e TFE AR R EZRIHF K - FEBANGHRBETRREN % - iR IR
HEAfE (non-esterified fatty acid, NEFA) Bl B- £EEL T % (B-hydroxybutyrate, BHBA) JEE{E 34 ET 5 HEEE =R BEREAG
B 3Rl R ARG 42 =FHY 2.1 B 3.7 £% (Moallem er al., 2012) - ## & NEFA B BHBA & i F i - L sl
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B BN E AR B MERY 2R3 (Ji er al, 2023) ° PAG R RIE(LHYRFILBERIGKE 2 — » BEAHFZHAR
fethH AT R S B R AR 2 By Fe A - E 2 2R B H A TEMI (Hussein ef al., 2017) « (RIE » 5 RE 2 I E HL
H PAG JRIEEEAIFHREEL - EFRESIEREE - AN EER N EZ R 2 EBIREE - RO
TEBLAE IR B MUE SRR 8 4 -

AREAEEFFH ROC curve 73 M A4E H. 9 PAG R [E]R AR (E AT 2R ET HIE 2 MG A2V BURE ~ st i
HH4R TS - 45 BR324 33 F 43 RARUREIME: B85 B 100% » {H 4 S48 B 67.7 J% 80.6% » AUC 43Rl B 0.720
0.828 - IHAEREUREA? 33 43 KRETEZ e A TRV ERE A E - TR g E BT HZ i E s
F oo B4 49 KA PAG RIEHIE Ry 1.208 I - B 100% ~ 752 80.65% H AUC £ 0.903 5 [fi 22 % 57 X
0% PAG JERERE(E B 2.643 » BURIME B B S B 100% H AUC B 1 o bFili4S SREE B2 S 57 RIS A & e neE i A
B 2R - (55 (2022) IVIHFE R EUR » ZRERREZZFEM AL H PAG JRE S 1L 22 49 RFFGEZE S
HEERRRR R E TS 94 K o MAEARERS » 542 49 REFENFL S PAG REHVHE R A — EREEHEES
(80.65%) » Bil#55 (2022) EERAEFAHTT © 5940 > MHLIAVAESRAE Singh er al. (2019a) IAFEHEUR - B2 R 45
K H.IfH PAG BEME Ay 0.830 B » HBUELME 88.9% ~ FFEME 70.4% H AUC £ 0.897 » Ferm b RE{E ST & | BE EE ARG By
B o FEAEEET VAL PAG B{E 1.208 #E=f° Singh e al. (2019a) FYE{E 0.830 - (HHEHIA]EEA Singh et al. et
H 2 BRE R PAG RS B RlE 7y BB n B e a8 42 - Hh4) > Singh er al. (2019a) BYWFEFTRIERY H EEYITE £y
ENEEEE LT - BARSERAY I AR LR [E » F9EH5H - 1842 60 K Lacaune #L=FHY PAG JRIE 4 Y Sarda
FLF 60% o (R HHEEm LU =FmmiE Al gE /2 52 2 PAG JREHYRZE 2 — (De Carolis ef al., 2020) ° 5551 » AatEs Ky HlE 4
FLH PAG % - HEGE 1.208 2 A& 7 B EE NI AR B RERG [ 227F < A - B0 9E R » Ay PAG JRIELY Sy
FLH 2 1.9 — 2.0 £i% (Singh ez al., 2019b) > HE M REIE 0.830 fyAL FREIEELY 0.415 » SZHUE LG E (2022) HFFEHUR
922 49 RIS ARG FL PAG JREAEML - R HENIRG R AT AE 2 £ %2 PAG RIERIER SRR - B EENZE
Singh et al. (2019a) FHA & 57 Ha 5L 8 AV IS B fy 18847 45 R 2 1% - TR SE (2022) 5 s 42 i 2 PAG R & il
RETREARE - R E RSB 2 FIE I RTES (585249 2 57 R) 258 -

Ak EB A COAMEAR FMEZREAF PAG R » #EfTEERAR I M farY HIE - &SR TA - 45249 K
i Wilk’s Lambda value /5 0.786 » o~ B EEHHAG (2 F RIS a2 HUFLH PAG JRIEAARIZE SR (P<0.01) - &
8827 57 KI Wilk’s Lambda value 5y 0.104 » [FEHF A 22 B RO RG 199 2= B2 2 H R 91 22 =R Ay 7L PAG RIS H A MR
EFEH (P<0.001) » FoRFLH PAG BEAEFES 49 — 57 REITGEMRE G 7AEE - AR/ EM Youden index H7E
BRI R UIRE M 4255 49 — 57 2 - SSAHAMRA » 842 45 REFMUEH PAG JREEREIE2EE FEA
BEEE > HOREHIE =M 58.23 £2.64 - SRy 48.55 £ 2.86 K EERMERGIEZ2 1y 34.77 £ 1.53
ng/mL - Q122 45 REFATHIH] PAG JRE& 76 i B (Hussein et al, 2017) - [FHEH - fEH AN FE B A IHY4S
R B 49 RIFZRRGHA TRV PAG RS SN HERRG AT » 28I » ARG B M ia B2 =E 2L F PAG
TRTEAT 49 RIRFEE 725 (555 02022 ) » #E M PT RE B B BE ARG 19220 7 AE B 75 K 22 JEEL/NATEL < 1% Hussein ez al. (2017)
HIBASE F {3 A IUE I E 227 PAG JRIE - ARG (2022) AN EA R THIE « MR SURUAIE HY H AR
VIR E > (EIREIA T PAG JEE R & B A = IEAHR (Bl = 0.6918 H R* = 0.64) (Singh ef al. 2019a) > H &
27 32 RZ 1M 5 2 AEME S & ] 22 92 Fe 89% 5 [AIS » AR b R fRs SR =T 0 B A i R B L PAG RS HIERG
BN AR E AT HE AR PAG BEIETIEE42 49 — 57 RAER B R ARG S -

A

HABABREE IR AT R > B A2 49 RIST ATHEALF PAG JRIEEFE D e R - HERZ 57 RIFAHEALd PAG
e 5 e | R R AR B % B RE R AR - AL - 8242 49 2 57 RISy I FL o PAG &% K K 18 22 i F2 IR LU =E R
PRE AR AR RS o IEEERR R E R R AR SRR E WS T ENEEEHE S SE
MR -

AWTFUR S Z BT 5edlsr (111 R - 212 — & — L1(4)] > HHEEIA N P EEREIALE B G e b R 8 R
sEEBRIBIRIEAE ~ JLE 0 Tl s s R R NE R BB T R 2 B - BEsERIS DURASE R - R EE -
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Early detection of multifetal pregnancies in Alpine goats using
pregnancy-associated glycoprotein (PAG)
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Abstract

Being able to confirm the number of fetuses in Alpine goats during early pregnancy will be beneficial for breeders to
conduct appropriate feeding management based on the number of fetuses. Therefore, the purpose of this experiment was to
determine the feasibility of pregnancy-associated glycoprotein (PAG) concentration in milk to predict multiple pregnancies
in goats. 348 milk samples from Alpines goats with 33, 43, 49, 57, 65, 71, 78, 85, and 94 days of pregnancy for PAG
concentration analysis. The proportion of Alpines goats with litter sizes of 1, 2, and 3 or more heads were 21, 71, and 8%,
respectively. Receiver operating characteristic (ROC) curve analysis was performed to assess the area under the curve (AUC)
of different thresholds of PAG concentration in milk at different days of pregnancy for multiple fetuses. The results showed
that at day 49 and days 57 of pregnancy, the milk PAG threshold of 1.208 and 2.643 were used to determine pregnant goats
with multiple fetuses, which area under the curve (AUC) were 0.903 and 1 respectively. Further analysis using Canonical
Discriminant Analysis (CDA) on different thresholds of milk PAG concentration and days of pregnancy for discriminating
between goats with multiple and single/twin fetuses were adopted to assess any significant difference between the two.
The results showed that starting from day 49, Wilk’s Lambda value was0.786, indicating significant difference in PAG
concentration of milk from goats with multiple fetuses and single/twin fetus (P < 0.01). When the days of pregnancy reached
57 days, Wilk’s Lambda value was 0.104, indicating highly significant difference in PAG concentration of milk from goats
with multiple fetuses and single/twin fetus (P < 0.001). Therefore, milk PAG concentration could effectively differentiate
between multiple and single/twin pregnancy from day 49 to 57 of pregnancy. In conclusion, days 49 to 57 of pregnancy are
the ideal time for milk PAG concentration to detect and determine multifetal pregnancy in pregnant Alpine goats.

Key words: Alpine goats, Pregnancy-associated glycoprotein, Number of fetuses.
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FAIEE ) B © FaEgE O

Wtk EHE s 1343 F 11 H 5 2 HE : 11345 H31 H

W R

NFERR R E HRE BRI AR R FBEREMIR > BEAFRR BRI TN AFEEE T (R4
FERCR AR P ACOPHRR B A - AT e R AIRE GE S5 2 I B R AR A 2 i T B 2 M8 e R T 5
TR > oy iinfE - PRI Hil ~ FEIFERTERRIERAVEZE - BB 2 EHERE DE B - SRS RERE
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 —
299 HiERAHAIAFE (P < 0.05) » BUR 300 Hifig L AR TEAFE - AN SIS BEERIRIRMEIR © s A iR HE
T A SRR Z &R R 0 - EREEE L SRBURREI S v LSRR AFEIRIR IR - B
T DIKZRERER IR T A CVE SR SE BEMEGE - &5 b WHZEROR TR R SREHE TEAE S B B S TR -

REdEE © RERIMEIR ~ YRGS ~ fIEREASE - NSO - TREERE -

1

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
TR ERRER - AFEERMES N ER SRR IR S E TS TR EE - SR EBaL - BREAFE
K ol R DR AT RN » NI A SRS R B I TN AR B IR E R - KA FERE R R TR0 AR A A
FHEEE 2N o pEIR LTESE M ERE R RS & o R D N BE R FE G R I NMETESE P iE  Z $RK -

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
o' B w A o ANIHST H Y R IE AR N RS T A FE R R MR - R 28 A 5 2 S o T E R A 58S T A
Lo G ~ BROIE H e R R ET S S AT IR AR S BRI R AE » DAMBUR AR AR (B B SR I A FETE
}EH °
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M A

L s\EaEh)

aBRAE AR By 2014 B1 2015 ESNEEBEEHEEHEHNE G ZHEAS > HikE S 240 — 269 H ik

270 — 299 H#s 2 FHEFENFE ~ 300 HES DL B2 FEAGE - s Badt oot 357 BEME e I 84 BHEERRHT /A8 2 E Rk

ik

SHHEBEERERE - BT BRRE - S8BT B EER - SR RS TS BN - R aeiiE

fir RRE T B HT% -
L BRHE BT SR A Y

(@)

(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
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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.
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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
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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
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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.

i

SN EEEAE A S i G E VA5 B B rURR - Ehltig s

71 BRI AFERIR B S B BT

#—D o e

=
aff

g b BRZE

BABC i A FE 3L 8 TEAEIRIAR - A
REMRFRREAMERAZR ARG HREZE L - BUR 300 0 L EAE AR A BERC A SE R E R BE

i BHIE 0 BRI A FEHIREIR

Mok > H R RKERRER T Z SRR EIRCRETEE - B EFficssmi A s e g8 A
B 2 ZE M SR g R IREL R A AR e MG RARRE M | st iR B (AR e ta IR 2 (B EARRE - Tt



28

Pt

=

SIRERE

gt

5

GRS

#

s

HEAKAE

R MFEE

00>d |,
S00>d,
I 950" LE5°0 990 .3T0 L9T0 L6€°0 010 AJIZUT SINIONNS UNRBWOIY)
I 180" LOL0" 710" L8170 yTo- 200 uonjezire[odop [BLIPUOYIOIA
I .80 LPTo LLTO L6170 10°0- A1gojur oueIquUIdW WIddS pue dWOSOIOY
I L9170 SL1°0 +3C0 200 Aqeip
I L0 .9¢0 LLY0 Joquinu wirads [ejo],
I .70 LEC0- UOIEIUIIUO))
I 10°0- Amow
I own[oA
Kidayur uonezure[odop  AIgojur dueIquIdW fmqeip Joquinu B0, Anon —
2INJOoNNS UNEWOLY)  [BLIPUOYOON[N  WIddS pue dwosoIoy ‘ uods 18107,

S180Q pauonoNe Jo Ssjren Ajenb UoWds UsIMIOq UOIIR[OII0) 9 9[qE],

T B R BT B 9 2



29 b o e S A RSN
AMHREE Z MG T17/E ~ BRI RS TRASE R ~ MISRASRAEE (L R T B S AR R TES © 4R BT iR gt

AR EHEE R S TIEBESEM - 540 - LR T B 2N B T R A A E T 2 R - R RrE—
ZEHE - DR R E TS BE AR O ARBEEARENEFRER - AIERFE—THERE RS -

£ |

AUTFURRESEES 103 BEF} -2.1.5- & -L2(3) f 104 2R -2.5.2- & -L1(7) &8 Ff R B AR AR g M H g
BB AFERIGIGTE5ER - EEGHTE -

@I:I.

2EXR

w2 0 1995 « FAEAN T2 - A EIHEMFE TSR EEE —hR » pp. 28-31 -

A © 2008 o N TAAFUEAFERE R E B B ) 2 afh - RS - BIILERARE - B -

FPAEZE - 2013 - fHE SHTTER — EAE BN B 2l R ER - (TBR R EZ B g wmE AT 102 FEREGT
=TS

Barranco, I., M. D. Ortega, M. J. Martinez-Alborcia, J. M. Vazquez, E. A. Martinez, and J. Roca. 2013. Season of ejaculate
collection influences the freezability of boar spermatozoa. Cryobiology 67(3): 299-304.

Boe-Hansen, G. B. and N. Satake. 2019. An update on boar semen assessments by flow cytometry and CASA.
Theriogenology 137: 93-103.

Cameron, R. and A. Blackshaw. 1980. The effect of elevated ambient temperature on spermatogenesis in the boar.
Reproduction 59(1): 173-179.

Celeghini, E. C., R. P. de Arruda, A. F. de Andrade, J. Nascimento, and C. F. Raphael. 2007. Practical techniques for bovine
sperm simultaneous fluorimetric assessment of plasma, acrosomal and mitochondrial membranes. Reprod. Domest.
Anim. 42(5): 479-488.

Christensen, P., D. Boelling, K. M. Pedersen, 1. R. Korsgaard, and J. Jensen. 2005. Relationship between sperm viability as
determined by flow cytometry and nonreturn rate of dairy bulls. J. Androl. 26(1): 98-106.

Ciereszko, A., J. S. Ottobre, and J. Glogowski. 2000. Effects of season and breed on sperm acrosin activity and semen quality
of boars. Anim. Reprod. Sci. 64(1-2): 89-96.

de Andrade, A. F., R. P. de Arruda, E. C. Celeghini, J. Nascimento, S. M. Martins, C. F. Raphael, and A. S. Moretti. 2007.
Fluorescent stain method for the simultaneous determination of mitochondrial potential and integrity of plasma and
acrosomal membranes in boar sperm. Reprod. Domest. Anim. 42(2): 190-194.

Didion, B. A., K. M. Kasperson, R. L. Wixon, and D. P. Evenson. 2009. Boar fertility and sperm chromatin structure status: a
retrospective report. J. Androl. 30(6): 655-660.

Egbunike, G., and T. Dede. 1980. The influence of short-term exposure to tropical sunlight on boar seminal characteristics.
Int. J. Biometeorol. 24: 129-135.

Flowers, W. L. 1997. Management of boars for efficient semen production. J. Reprod. Fertil. 52: 67-78. (Suppl.)

Garner, D. L., L. A. Johnson, S. T. Yue, B. L. Roth, and R. P. Haugland. 1994. Dual DNA staining assessment of bovine
sperm viability using SYBR-14 and propidium iodide. J. Androl. 15(6): 620-629.

Heape, W. 1897. The artificial insemination of mammals and subsequent possible fertilisation or impregnation of their ova.
Proceedings of the Royal Society of London, UK. 61(369-377): 52-63.

Huang, S., Y. Kuo, Y. Lee, H. Tsou, E. Lin, C. Ju, and W. Lee. 2000. Association of heat shock protein 70 with semen quality
in boars. Anim. Reprod. Sci. 63(3-4): 231-240.

Huang, Y. H., L. L. Lo, S. H. Liu, and T. S. Yang. 2010. Age-related changes in semen quality characteristics and expectations
of reproductive longevity in Duroc boars. Anim. Sci. J. 81(4): 432-437.

Kennedy, B. and J. Wilkins. 1984. Boar, breed and environmental factors influencing semen characteristics of boars used in
artificial insemination. Can. J. Anim. Sci. 64(4): 833-843.

Knecht, D., A. Jankowska-Makosa, and K. Duzinski. 2017. The effect of age, interval collection and season on selected

semen parameters and prediction of Al boars productivity. Livest. Sci. 201: 13-21.



YR MFE A MEE BECE RS SiEE HIEE 30

Knecht, D., S. Srodon, and K. Duziaski. 2014. The influence of boar breed and season on semen parameters. South Afr. J.
Anim. Sci. 44: 1-9.

Kozdrowski, R. and A. Dubiel. 2004. The effect of season on the properties of wild boar (Sus scrofa L.) semen. Anim.
Reprod. Sci. 80: 281-289.

Kumaresan, A., K. M. Bujarbaruah, G. Kadirvel, G. Khargharia, R. G. Sarma, J. Goswami, R. Basumatary, K. Palaniappan,
and R. K. Bardoloi. 2011. Early sexual maturity in local boars of Northeastern India: age-related changes in testicular
growth, epididymal sperm characteristics and peripheral testosterone levels. Theriogenology 75: 687-695.

Kunavongkrit, A., A. Suriyasomboon, N. Lundeheim, T. W. Heard, and S. Einarsson. 2005. Management and sperm
production of boars under differing environmental conditions. Theriogenology 63: 657-667.

Lucy, M. C. and T. J. Safranski. 2017. Heat stress in pregnant sows: thermal responses and subsequent performance of sows
and their offspring. Mol. Reprod. Dev. 84: 946-956.

Paterson, A., I. Barker, and D. Lindsay. 1978. Summer infertility in pigs: its incidence and characteristics in an Australian
commercial piggery. Aust. J. Exp. Agr. 18: 698-701.

Pena, S. T., Jr., B. Gummow, A. J. Parker, and D. B. Paris. 2017. Revisiting summer infertility in the pig: could heat stress-
induced sperm DNA damage negatively affect early embryo development? Anim. Prod. Sci. 57: 1975-1983.

Pena, S. T., Jr., F. Stone, B. Gummow, A. J. Parker, and D. Paris. 2019. Tropical summer induces DNA fragmentation in boar
spermatozoa: implications for evaluating seasonal infertility. Reprod. Fertil. Dev. 31: 590-601.

Pinart, E. and M. Puigmulé. 2013. Factors affecting boar reproduction, testis function, and sperm quality. In: S. Bonet, 1.
Casas, W. V. Holt, and M. Yeste, editors, Boar Reproduction: Fundamentals and New Biotechnological Trends. Springer,
Berlin, Heidelberg. pp. 109-202.

Purvis, K., H. Rui, A. Schelberg, S. Hesla, and O. P. Clausen. 1990. Application of flow cytometry to studies on the human
acrosome. J. Androl. 11: 361-366.

Reiland, S. 1978. Growth and skeletal development of the pig. Acta Radiol. Suppl. 358: 15-22.

Rungruangsak, J., S. Sangkaphet, K. Buranaamnuay, P. Pongpeng, and P. Tummaruk. 2021. Boar sperm production in a
tropical environment. Thai. J. Vet. Med. 51: 213-220.

SAS. 2013. STAT User's Guide: Version 9.4 ed. SAS Institute Inc., Cary, NC, USA.

Schinckel, A., R. Johnson, R. Pumfrey, and D. R. Zimmerman. 1983. Testicular growth in boars of different genetic lines and
its relationship to reproductive performance. J. Anim. Sci. 56: 1065-1076.

Schulze, M., S. Buder, K. Riidiger, M. Beyerbach, and D. Waberski. 2014. Influences on semen traits used for selection of
young Al boars. Anim. Reprod. Sci. 148: 164-170.

Smital, J. 2009. Effects influencing boar semen. Anim. Reprod. Sci. 110: 335-346.

Tao, J., E. S. Critser, and J. K. Critser. 1993. Evaluation of mouse sperm acrosomal status and viability by flow cytometry.
Mol. Reprod. Dev. 36: 183-194.

Yeste, M., S. Sancho, M. Briz, E. Pinart, E. Bussalleu, and S. Bonet. 2010. A diet supplemented with L-carnitine improves
the sperm quality of Piétrain but not of Duroc and Large White boars when photoperiod and temperature increase.
Theriogenology 73: 577-586.



31 Taiwan Livestock Res. 58(1) : 22-31, 2025
DOI : 10.6991/JTLR.202503_58(1).0003

Application of flow cytometry to evaluate semen quality
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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.

Key words: Semen quality traits, Flow cytometry, Auctioned boars, Boars age, Semen collection season.
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rate) ~ MRSy ~ (2B BR (osmotic pressure) BLiE T-ANAERRE 2 F2E M (membrane stability) 2 (Cheng et al., 2004) °
R R R BEIR2 Te Prf7 < T ER T B4Ry BIEER AN 2 K EYE - sEEAOR ~ PR MR
F o RN AT EET > AE - GHEY AR 258 > SR pH EFK > EE—ERE R
HERE » ERERFETIET - B GE 2 A ER - IR RERE AR -130°CHA TR - BUERER

|

(1) EESER B R B P s R 5 26 2794 9% -
(2) A EmE B PTRE E T o

(3) B E E S P A T4 -

(4) #EN/EE > E-mail: jryang@mail.tlri.gov.tw ©
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Z SR E AR O] R AE R A EOR O 7 a8 AE o pH (B RV FRAK o — M (8 POIE R IR 17 2 4 1T 1 I B 4 T A R
(phosphate buffer solution) ~ #S£{5 B 4% )% B — FCH LS AL FH e 4R 120/ (Bearden et al., 2004)  Wifd i {5 FHAERER
BIVIRE R RIE 2 MRERR F MG 3 — 55 — HPH (sodium citrate-egg yolk-glycerol) F1=F&H EL G AL H e — A il —
FEA5E s — 25 s — H U (Tris-glucose-citrate-egg yolk-glycero) (Asher et al., 2000)  Parkinson (2001) $5 ) » DA Tris Flfs
B A 2 MR A B R ERE ) - BATRRE pHEZRER - —MINE @ AENE - SR ESE At
FeE 2 e 5 1B RN 2 I R 2 BE B T KOS HIRTEE Fom o BBV EBRE REERAIRSN - IR ol %A
TR 2 B3 RE 5 B BT E (trehalose) I T H fy kg + 2 % R ORER £~ (Storey er al., 1998) o [L4) » EEINEE
FRAUE TR 2 ReEIE A - AR REFARGIE AT T HE—RalhESEANEEEREES (low density
lipoprotein, LDL) ~ UNtEHESE - Al {re&RE T 2 A5 EE %4 (lipoprotein sheath) ## 57 /2K 5g -

SRI » AEMERUECR SR EEZ SN RE B _E N EREE 2N - BT n] SRR HAM « SRS TR RS 1R
2N E 2 BLUAERERNE > HUZS ST EERICHEERS RIRGE 2R ED « AW HIVTER TSR FEMRER
A RBERERE RS HSGEE 2R BUBREZ S HREMERLIERN A TS © ieeE RE
JEEZ AR

MRS E
L B Eh Y el st B 1
HEF AR oy P o5 2 (R B M ERGR A = B ERE 6 UH - slBpifE TR IR e & 5y o5 [ B
B IEE K (§ FZ2 &9 (Institutional Animal Care and Use Committee) 28 € 2~ 3 E (KAPS IACUC, No. 110-16) °
Higtts B S - FORFIT R EEEREHBBUEREUK - SEEEEETHW 500 g f56 - &En 10 A&
12 A#(T 23 RER 9 ARGETERERKE -
L R
HEENCRE N ERIEHETT AT 24 /NIF S PETKET & - BREEIFLL 10% 220 %E S ( Balanzine; Xylazine 10%, 100
mg/mL, £ & ) Bl £} %2 50 (Zoletil 50; Tiletamine base, 25 mg/mL and Zolazepam base, 25 mg/mL, France) 4 JiC ¢
V32 LB R ETRHLPTE A 3 mL o EBFHLASER | mL BTEE - SABRE A DU 2
(Electroejaculator, EJ6CCGS, CGS Products PtyLtd., Australia) » 2 DL 2 V 27 [&] 8 B8 BRFF I 20 #b > = 1E I
8 b » SEER =R MEITEIMEB TR - FEREROR MR LA 15 mL Z B VBT » et E ek
By 4 DAL~ 7783 70% DA b2 Bréeig R B AR 42O o (R4 BRI R R st A -
L A5 2 2 B R R A
AENEs T 2 RS ) 0 B RE Tris- #Ei5ElE — & & (Tris-citric acid-yolk, TCY) ~ Tris hydroxymethly-2-
aminomethane-sulphonic acid- ZE & (TEST-yolk, TY) =i f&i5s — & = (citric acid-yolk, CY) 2 3 ff & F sy 2 #ike
W Pl 2 By angR 1 R o AEMRRIRIEC )7 TR 2 S BB E R G N R R i A FE R AR (LI - SRR
FEEUS 2 B R e TIEARHIE - WREE TTRTER R 4 SRDL I ~ FE5ESR 70% BLRERRRE Fy 10 x 10° {E#EF /mL 2
KR 0 e L AREPURRZ TCY ~ TY 8¢ CY Fy R 2 Migikits - BERNFR/KE =00 /KF 30 7
RS FHRE SN FMRR - BRKBCEIEKFE 240 1 hr DLE - fEEREEIERE 4C - HBRE 4 CiRAD
LT ISR > DLaH 12% HHZTHAZ 4C A HMERETT 1 1 1 78 » DUESIREE 6% HIHEE »
B EORAETRE R 1 x 10° {EfE T/ mL > SRIDPURFIMIER 2 1% > S8 1.5 /NFDLE > 2855 A 0.5 mL 2%
oo RERE BN IRREEIR 7 4 om S 5 opgE 0 BERIFC A -196 CIRREEMH RIE -
IV, 2 AR R AR SRS
] B RS BNAE T- 5787 4% (computer-aided sperm analysis, CASA) LKz CEROS II Animal #(ASF2 7 (Hamilton
Thorne Biosciences, Inc, Beverly, USA) #EfT5E(FE 705 7 (motility, %) ~ Fi#E 5 )T (progressive motility, %) ~ Y25
FRIZIHIE (average path velocity, VAP, pm/s) ~ 15 H 4R H BN (straight line velocity, VSL, um/s) ~ 5] 47 7# &
HE (curvilinear velocity, VCL, um/s) ~ #H&E{j )14 (sperm track straightness, STR, STR = VSL / VAP x 100; %) ~ ##H
B E4R1E (linearity index, LIN, LIN = VSL / VCL x 100; %) « K2 RRE S P Irfr— 2L B2 2 Bl s%
HU 2.3 pL B5TERE 25 x 10° {@lfE+ / mL jEAZ Leja 375 (Leja” cell, IMV, Aigle, France) | » 3 & /A BE {55 2L
DR b+ 4ERF 37°CRDR 10 min 12 » 72 200 (53T » BERIEEAY 5 (EREFEITIES A7  MRaite 2 W RISFEE N
3TCEFEAET - 781~ 2 /NI ER AT CASA EfTHE R AIETAS -
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1. Tris- 150 - 851 (TCY) ~ TEST- E5 (TY) BliEEEL - i (CY) MR ZEC T
Tablel. The composition of TCY, TY and CY extenders

*

Components TCY TY CY
Egg yolk, % 20.0 20.0 20.0
Tris, g 2.7 0.2 -
TES, g — 1.2 —
Citric acid, g 1.4 — —
Sodium citrate, g — — 2.2
Fructose, g 1.0 1.6 1.0
Glucose, g 1.6 —
Gentamicin, pg 250.0 250.0 250.0
Penicillin, pg 150.0 150.0 150.0
Total, mL 100.0 100.0 100.0
Reference Fernandez-Santos et al., 2006 Pontbriand ef al., 1989 Garde et al., 2003

" TCY: Tris-citric-base medium; TY: TES-base medium; CY: Sodium citrate-base.

V. 5 EH LR T

BERE > S5 [E B - B £ DA S B [ 8 2R R aE 1% » & 0.3 g progesterone 2 CIDR" (controlled
internal drug release, CIDR". G, EAZI-breed, Australia) B A RFEE faidid (S EEHEE 1 H) » W 10 HPLAE
B4 150 TU 27 B4 BB MEBR 2% (equine chorionic gonadotropin, eCG, PROSPEC, Israel) » &5 12 H#%[5: CIDR" »
W EIESALASESS 1 mL & 125 pg/mL 22 PGF,, (Estrumate”, MSD, Germany) - {F CIDR"® f#4[4:7% 60 h » Fl|FHijuli %
RS MR S AL S R R B 2 5 MR DUERI S x 107 (EkSF / 48 37°C R 30 s 1B/ TN TS
Bl N TIziata i A LAGERE RS R e E e FESE 0 > ERIERATHEE T ERNALE » RAREEREEE
AT EBOALE - 35 BEEHIAE CIDR” #FR1% 63 h HIMETTHENESE A TH2KS - #17HT 24 h LIS /KEr& - BERE
PHAF IR IE (& T < IR E BB SR N\ TIZAEZRIRIE - N ERF &I DUBES GBI TIE TR - B R RS 20
mg/mL 7 F[#-RA (Lidocaine) 2 — 3 mL o 454y 5 57§ {% DLl JIR RS A FLIHAT 3 — 5 57 E 256 57 ) &5
1 cm > 4B DIREREZERIES (trocar) FZERERE © SERLEEHIIRM trocar it » HEE RIHRERE © I FL—HIE A1
FICRZEL S5 HIR B REESERCE A E #EATL - F57R (0.5 mL : 5 x 10" {EfE T ) &HgiN T =AahENE A
ik - BI%E% > DUBMESKEBELELATES 8 mL Hid 2 e > REE e hiME EM - BHE%E
ST EN R IEFE A6 - WWNEREE 45 Hig - DU E NI (Aloka, Prosound-2, Japan) fiC & 4% B RS AIER
JH (Transrectum electronic linear probe, UTS-660, 7.5 MHz, Japan) » FEHfmin T = IRNE B2 &G 28 552 2 i
5

VL. 45t

BB AFEET AT 22458 (Statistical Analysis System; SAS, 2005) EACHAGHETTHET AT » (A — e M
HHFZP (General Linear Models) #7788 75 5347 » W7 i —20 DLENE (G 2088380 H] 2 72 (Duncan’s Multiple Range Test)
ELE R R 2 22 5 -

FEREEET

EZEGICE RA L - GREEEEIE A - FEEEINESEER 10 HE 12 HZBIHEA G - HiRER
BVIEVERUEA ZHRIE - BIMEREREA T - A B UMRISEEITIRGISR - B4 SV B CRE 2 BRPRE ~ FRimie -
TR B N THOE R i R Rt > ERE B EE R RIHIERRCR - BEAHER aHE MRS 278
THERERE RS Rk E 28 RSl VRGN EBIGTRE - NI IRIERR - DL 7 sUE TR U SR DARE
PR 2 SR - PREE RS IR P8R Bk 7050 4.0 £ 1.2 ~ S T HIER 12.9 £ 5.1% BLRG 7753 76.3 &
19.3% -

FEFH TCY ~ TY 20 CY MBERUARIN 6% HIMTE Ry /2 SORGER] - BT RIRFREB IR #£28 > TCY »
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TY Bl CY =4HfEH1% 0 /NIF 2 45584075 2 Fii7s > Motility 4771 Ry 55.4£17.3 ~ 43.0 £21.7 ~ 49.5 £ 21.5% » Progressive
motility BIJ43 505 38.8 £ 15.5 ~ 353 £22.3 ~ 41.4 1 18.9% » Z4HRLGAREE S (P> 0.05) ; {HfF VCL /@ » TCY 4H
By 126.4 +20.4 pm/s » SHE ST TY 40 96.4 £24.8 um/s B2 CY 40 109.7 £ 15.9 um/s (P < 0.05) 5 5t VAP i VSL i /51
=0 CY 40477k 92.7 + 12.9 F182.2 + 12.6 pm/s » BAE 1A TY 4022 79.5 +20.9 f1 67.5 £ 18.8 um/s (P < 0.05) ;

1 STR B LIN i & » TCY 4H 457 Al 5 70.4 £ 5.9 F147.4 £ 4.9% » FAZE(KH> TY 4HAY 82.3 £ 7.6 €1 70.0 + 8.3% » LA K%

CY 4HHY 85.4 +6.1 B173.6 £8.6% (P <0.05) - il 1 /NI 1% 7 455415 3 Fiios » TCY ~ TY B CY =4H4F Motility
Progressive motility ~ VCL Eil VAP i » S4AREHBE AR 5 F VSL @ » CY 405 60.7 £ 19.2 um/s » B E =R
TCY 47 49.3 £ 18.7 um/s (P < 0.05) ; {H7F STR Bl LIN » CY 414315 80.3 + 8.1 1 58.9 + 12.1% » JREHE S TCY
4H27 69.6 + 11.0 B 48.0 + 9.5% (P < 0.05)  fif 5 2 /NES 1% 2 45 413 4 Fiiow » TCY ~ TY B CY =4[ {F Motility -
VCL ~ VAP ~ VSL ~ STR 1 LIN Jif © Z4HESHFBEE 2R (P> 0.05) > f#1F Progressive motility J51d » CY 4H 9.0
+11.4% BZ ST TCY 402 2.8+ 3.5 % (P <0.05) - CY 4HJAf#H1% 2 /N 2 Motility £ Progressive motility 75 fH ¥
B - ML &S5RG (E Cheng er al. (2004) ZHAFTHEEE » MEZHTTEUIRICRERER L TY BFEERFTR
W ERER TCY B CY R -

R 2. FEMEREEE 2SI CRERIR S R RR 0 /NS BB 8 2 2%

Table 2. Effects of extenders on semen characteristics of Formosan sika deer O hr after frozen and thawed

Items TCY (n=16) TY (n=16) CY (n=16)
Motility, % 55.4%17.3" 43.0+21.7 4951215
Progressive motility, % 38.8+15.5 3531223 4141189
VCL, pm/s 126.4+20.4° 96.4 £24.8° 109.7£15.9°
VAP, pum/s 82.5116.4*° 79.5£20.9° 92.7%12.9°
VSL, pm/s 59.6 £ 13.6" 67.5118.8" 8221 12.6°
STR, % 70459 82317.6° 85.416.1°
LIN, % 474+49° 70.0 £ 8.3 73.6  8.6°
* Mean * SD.

" TCY: Tris-citric acid-yolk extender; TY: TEST-yolk extender; CY: citric acid-yolk extender; VCL: curvilinear velocity;
VAP: average path velocity; VSL: straight line velocity; STR: sperm track straightness; LIN: linearity index.
" Means with different superscripts within same row are significantly different (P < 0.05).

3. FEMEREEE 2SI CREREIR S AR AR | /NEE BB E 2 %

Table 3. Effects of extenders on semen characteristics of Formosan sika deer 1 hr after frozen and thawed

Items TCY (n=16) TY (n=16) CY (n=16)
Motility, % 162£10.9 18.6+17.4 2641205
Progressive motility, % 10.8£9.6 128+ 144 20.0+16.5
VCL, um/s 96.8+26.5 83.6 40.3 97.1£27.0
VAP, um/s 6431213 56.5£30.9 70.0+21.5
VSL, pm/s 493+ 18.7° 45.0+23.6* 60.7+19.2°
STR, % 69.6111.0° 66.9 +20.3* 80.3+8.1°
LIN, % 48.0%9.5° 462+14.2° 589+ 12.1°
Mean * SD.

" TCY: Tris-citric acid-yolk extender; TY: TEST-yolk extender; CY: citric acid-yolk extender; VCL: curvilinear velocity;
VAP: average path velocity; VSL: straight line velocity; STR: sperm track straightness; LIN: linearity index.
“® Means with different superscripts within same row are significantly different (P < 0.05).

T2 EE R B IRSABRE DBV R E R S — > NS RS e M AR TR A R T N SRR L
& (Verstegen ez al., 2002) - FEABIFEFIF] CASA I3t =TEMRER ZIE T8 ) Rofg T Eh 28 - Wlfige R =T
BERAERE TE DB S ) R 2 B (B ARG T E 28 BAAE AR 1/NER > SR TIEE
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ATHEE ) 288 RME % o 72 VSL ~ STR K LIN f CY 4HEEZE it HAAH A AR 2 /NEfi: - SAEERTAR 76
N NETEES P T 2 REEZR > EAERTNEE T B CY 40EF TCY 4 - WI5TEUR - ZHEE VSL K VAP
HES W E IR - AR T E 2 e S VSL [EEVEERES 2 1IEAHRR (Wainer ef al., 1996) : {fij VAP -
VCL F VSL g T HEEIAE 11RGS HIEHERS (Larsen ef al., 2000)

4. FEMEREEEZEECRERIR S R RIR 2 /NEE D 828 8

Table 4. Effects of extenders on the semen characteristics of Formosan sika deer 2 hrs after frozen and thawed

Items TCY (n=16) TY (n=16) CY (n=16)
Motility, % 63152 7.4%6.7 12.0%13.1
Progressive motility, % 28%35° 4.6%59% 9.0+t11.4°
VCL, pm/s 62.4120.5 64.0%39.3 66.0£35.9
VAP, um/s 36.7115.2 4241269 4741281
VSL, um/s 2781152 33.8+22.8 40.7+24.8
STR, % 64.5117.6 57.7128.4 64.627.2
LIN, % 39.4+14.1 40.1£21.1 4751219
Mean * SD.

" TCY: Tris-citric acid-yolk extender; TY: TEST-yolk extender; CY: citric acid-yolk extender; VCL: curvilinear velocity;
VAP: average path velocity; VSL: straight line velocity; STR: sperm track straightness; LIN: linearity index.
“® Means with different superscripts within same row are significantly different (P < 0.05).

FRtENeE Rt E B IEEER L — » AR 2 HRRZ ] (B0 ERE T AN TN > HEREGNK
higZe o RILEERE A S A S R R AR . CY 42 BRAEIRGEST N TH2HS - DI A g iR e 2 5o 4
HEERWNFE 5 fron « SREUNEFA LRE EMEE Z R PIZIRE 7.1% (1/14) » HIEFET | BEHFRE
ERIFHRRHESR HEPT N TR 2GR 1 0.0% (0/3) = Gao et al. (2009) BFE - Y CIDR - BEERIZES 58 2 66 /N
HETTHEFERE Z N TH2HE - A4S R CIDR” BEER1R 5 60 /NFFHEFT N TR RI155) 1 BHRIRE IS4 - S515FIH
{EFi AR BE TR H 33 TR IR 222 N TIOBHEE BRIERETZ — » (HNEEAMEBURA 8% 2 FEHE S TUN RS
EEL  RpEa B E LR eCG 22 - H® CIDR $iFR1% 63 /NHH AR SEB SR N &L B2 00 5
B - AIEREEEE 100.0% (3/3) BIEEUN SRS - AANE DT NI - AP A LB REEZRE
& > [N 1 SR T RERTAICEE 3 of CY 4R R IMIEAR 1 /INERR 2 A IS SAHRE - B35 H Motility B2 Progressive
motility A T2 26.4 81 20.0% - fE5wATE - K5 THIRR/MEFR RIS B AN TRAE1E - HR T EENER
RZFRAFERNEIRERE - NIE - AERESIEE 2 M AR T oV EShRE T BUE - RAS TV A I > sRA R
FETIEBINE ARYZHERS © Luis er al. (2012) HHFERUR/S BMRER TR IITTEALEE] - A BN S 4LRENRS T &
BIRE S > MRk D2 R RO T 2B E - AN LIORIE R ERER ST 2R © (D) BYERT A RVEER A T © (2)
AR FRERETIRE : Q) MEER - RESH - ATIFEHCKERREPE TR EEM - HatEiE—DE
IR EEESE - MERERI B A MR i - LRGSR - B DA KSR H ETHER - DIEHEELENR
THIFZE » LHAEREM S HRERGET NIRRT - BRI MERNEER LR E VI ZEAIHIRNA -

SREATIEER > BURASBRCY S B BB CREER T EM TCY ~ TY 8 CY =MBRIET 2 M irfF - E
G CY HRMRARTR 2 /NRF Z G T E DB TS S AR 2 S - IR R =B TR S R
Z2% o MHRIRF RS BRI E 2 J7E RN T RAE IR Z Bl -

®S5. FERFEITHEERTEANTRBR 2R 28

Table 5. Effects of different artificial insemination methods on the conception rate of Formosan sika deer

Artificial Insemination (AI) No. of service No. of pregnancy (%)
Traditional Al 14 1 (7.H)®
Laparoscope Al 3 0 (0.0)

60 hours after CIDR” removal.
@63 hours after CIDR” removal.
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Abstract

The purpose of this study was to evaluate the effects of extenders on the semen characteristics of Formosan sika
deer after freezing. Healthy and sexually matured male Formosa sika deer were selected for the experiment and the semen
collection was conducted by electro-ejaculation between October and December. The semen was diluted with three
extenders, including Tris-citric acid-yolk (TCY), Tris hydroxymethyl-2-aminomethane-sulphonic acid-yolk (TEST-yolk;
TY) and citric acid-yolk (CY), and then frozen. The results showed that wehre was no significant difference in the sperm
motility and progressive motility among the TCY, TY and CY groups. However, the VCL (curvilinear velocity) of TCY
group was significantly better than that of TY and CY groups (P < 0.05), and the VSL (straight line velocity), STR (sperm
track straightness) and LIN (linearity index) of CY group was significantly better than those of TCY group (P < 0.05). After
thawing, the semen was evaluated after thawing and cultivation. There was no significant difference in the sperm motility
and progressive motility in 1 hour after thawing. Nonetheless, in terms of the evaluation of progressive parameters, the
However, the VSL, STR and LIN of CY group were significantly better than those of TCY group (P < 0.05). The progressive
motility of the CY group was significantly better than that of the TCY group in 2 hours after thawing (P < 0.05), and no
significant difference was found in the other characteristics among the TCY, TY and CY groups. The doe of the experiment
underwent estrus synchronization and performed artificial insemination using semen from CY group after freezing and
thawing semen, in 60 hours after CIDR" removal. The results showed that the overall conception rate of all deer was 7.1%
(1/14). In conclusion, freezing the semen of Formosan sika deer with CY extender can yield a better motility and progressive

characteristics of semen after thawing.

Key words: Formosan sika deer, Extender, Semen characteristics.
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&> AT A FIRESTCE MR A B IR 2 2 & - sUREEREUr - FREATICEM RS SREOLE - B
FOf %8 P $5 9 (Temperature-humidity index, THI) (€ - g 2= 50 - i F PEUR S SRR EGE > R PR E B &
PR - R EY THI H B RIS - = FHE 2R EER (P < 0.05) - JHEARSREHF T 4139 CEE SR
% 41.08°C (P < 0.05) » {ERFARRDR Y R S ELEE N - s RpER - 2AF Ry 39.75 £ 6.59 X BEE AR
% 34.75 £7.06 X (P < 0.05) » BUREACERI#ER N A FIREDLEEE ST - RIS g hiep s X BeiGRE SR e i
o o MURZEARSIATEEREUR - fEE MM P - RPTA- AR ERES - SRR H Bl REALEF 4 1
HE - AFEEENET > SEREIEALER « meh - mef - MRS ERE 5 HEE - #REEEERAE
(P <0.05) - MRELDIHTEERETR - ALMBRELVE AL MBRMATZRESS 2 IHMETRREZE SN EAE - MELL - ¥
ALMBRAERR ~ FHLLMERMALZR ~ Wl tEEk ke e 2R A 5F 5 THEUENPFRE S EE (P <0.05) - Srastiniised
BRI - BREDRE B L CE MR A MR MR IREE A B - SRR AL E R MR SR E 5 IR 5 AR
TIAGEN - PR CERTH#E S B PG EE =S R s - HEEDE  AHIEZELER -

R fEmMI8E ~ MRt - fReEE -

i

FEE IR REEBINE > RE GBI HUR A 685 7 S i % S BRI 2 A E Y R E(E By S NAYIRER
A EMERENRCEN TERERR » IBEOREHIEE (L3N f B S F - tmubkAEEMR - MRS EE
(Temperature-humidity index, THI) I =] IR~ S 2R S Eh YRS 1 SR EIREEAT 5228 (Chepete et al., 2005; Purswell er
al., 2012) - ZNEHZ KA R IEREHRASR RGN R (Goo et al, 2019) - FEE RPN IRFASARREaE G/ - #
M BERAEE - 8E - WE - &8 - BEE - BREENEFIETE (Nawab er al., 2018) « IREDREFIHEEE
WA T > AEERS AP AEZR R A - BE & PR — S K O i i -1 - BB M i 3 (Raup
and Bottje, 1990) Wi 5224k RH[T ~ GaRHEHARTIE/ER - Tl EASERBHER NI ELRGHIHER T > #E
RIS N EEE A R ER o RS E S N - EIMAEENTHFENS - BB IR T L R IR R
HEIET - HNHEEIA TR » 12 SRR N A RSERS IR 2 V8 S BB - B B3I E EEufn - & bR
FERENN - EIE pH ([EFFE » FHEEEERES (LT R Y MR Sk e B A1 % A NG o] FPERS 0 - 48 PR T iR
PSS RS S (R A E I Y - N AT g2 &R/ E (Lara and Rostagno, 2013) « & FUR{EH
16°CHERBDRE N E BRI R E MR EA AR - tHtER - RSB ERaENN - EEE TR - ([E

|

(1) B E AR se s & 28 2795 5% -
(2) EEAEE ST R E AT -
(3) #EN/EE > E-mail: yeooovm@mail.tlri.gov.tw °
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BREE AN ~ BRLRCRIR(E R e T MRS 2 S s 2 (Olfati e al., 2018; Li et al, 2020) » MR A (LIS EEAERFAG(E
B R R B S RS ThAE B ERIEZAYIE A (Jiang er al., 2023) © & 25 KE RS B 06 S TERF &5 [FEIMIK 245/ 5
b - AMAEFIEE AR E AR - (EEMAESR ZEURIEIE - N EE A T FIREA e 2 idstiv ) TE& FI%E (Hualien
Animal Propagation Station Cockfighting, HCF) 2278/ Eran 44 HY A I8 n & » 2188 1% HCF & IEA[EZRET 1
MEEREE - FERL TR EFIREE N REEE [~ ZRENR S - AN EEFI R R -

M A

L gy aisEnat:

() AUt k2 8B B E S s e B Rm & s i (35 1E ) 3T 2 - fEkERA
SEKEENFERBRE S (HESE ) BEREMERZ EGRAEZ X E (I ERZERTT R
HUAIACUC10905 ~ HUAIACUC11009 ) Bzt Eate Bl T -

(i) BRI 2020 B2 2021 AT - 3 RIHARER (1 22 A) REGE (6 28 A) BHEEE 22 % 37 Al - RHEE
FIgEE 15 & B4 60 & » WALt 120 EfErTERES -

(i) FERHEEEENRE RIS S22 - BERISEE (55 120 cm x F 60 cm x £/ 70 cm ) > FKHE
£R 16 /NEFEHEHE (161 : 8D) » SEHATEE 10 — 20 lux o AN FEEIRIEHE HE 15% - AL 3,000 keal/kg »
SRR HEDE 16% » A 2,900 keal/kg » sAERHAR 2 ERHEAEKISER -

(v) BrifEets - PRl R AR e M S o 2 T i ot - RSN SRl aR = - Wiz S E M
FE R PR E NE AR T o

(v) 722020 82 2021 R ZR BB Z N —H - 3Rl B 10 BF TR 14 BRETTIRE » SCsk{CH 1%k
AR B SRy IR AR -

1L fgefirE H 8574

() PAEfERE USB VRS HIEA % (THD-8") BRUEE M8 &4 - FEFEIIA 1.5 ARE » &CifalBalin S
NI EE S R IERE - RIS THI fE - THI = (1.8 x AT + 32) — [(0.55 — 0.0055 x RH) x (1.8 x AT — 26)] -
AT : air temperature (°C) ; RH : relative humidity (%) (Habeeb et al., 2018) ©

(i) BHFEEM#IRERNRER » DECRETHISEMERSRE » WA T HM 1 588 A HRE SR 2 REGELR 5
PP AR o

(i) 2020 £ 2021 53R 2 HEL 8 Higte—# - HICEHFIRERAFARAIT 3 mL - 30 A S FFEPUEEMNE (BD
Vacutainer” Lithium Heparin) BPLEEIMA » S8 4S8 00 7% (13,000 rpm ~ 10 min f7z 4°C ) ¥ F @&t 2 &)
Tl =] (RS EmE AT NS E i ) ST IR L EE - MRAE(LENE 22 #EE - 88
M ## (Glucose, Glu) ~ f£ Z % (Blood urea nitrogen, BUN) ~ HJL. % fif- (Creatinine, Cre) ~ [ % (Uric acid, UA) ~
HILIG %1% (Creatine kinase, CK) ~ K2 f#7 B 405 (Aspartate aminotransferase, AST) ~ N & B& 854 (Alanine
aminotransferase, ALT) ~ [ {%: % i&H& (Alkaline phosphatase, ALP) ~ 44} 4] 2 (Total bilirubin, TBIL) ~ 4472
& (Total protein, TP) ~ H & [ (Albumin, Alb) ~ k& [ (Globulin, Glb) ~ H& H Bk & H [L{E (Albumin
Globulin, A " G) ~ 44} [& S (Total cholesterol, TC) ~ = fi& H Jii A5 (Triglyceride, TG) ~ [fll #4 (Sodium, Na) ~
[ (Potassium, K) ~ [fI1§5 (Calcium, Ca) ~ [l (Phosphate, P) ~ fi# 5 7 'E 2 (Glucocorticoid) ~ & Bk & H
A (Immunoglobulin A, Ig A) ~ %% EKE H G (Immunoglobulin G, Ig G) - HREMETE Z -~ mEkEH A ~
T ¥E Bk £ 1 G {# A Shanghai Coon Koon Biotech Co., Ltd. B 3% £ 4H Chicken glucocorticoid (GC) ~ Chicken
immunoglobulin A (Ig A) Fz Chicken immunoglobulin G (Ig G) ELISA kit #7245 & Rt EE - &
FT 22 42 11 2% 28 5 RORHR R 2RI 55 R BE 2 B e 4 1T 22 [T 4 A E T %% (Complete blood count, CBC) fgfl] - HL&
Mm% EE (Packed cell volume, PCV) ~ 41 [ ER (Red blood cells, RBC) ~ [ 4] 2% (Hemoglobin, Hb) ~ SEI54] [ BR
Z5F& (Mean corpuscular volume, MCV) ~ SEH4T [N ER 4] Z & & (Mean cell hemoglobin, MCH) ~ SE54[ [k
M4 Z B (Mean corpuscular hemoglobin concentration, MCHC) ~ [ [l B (White blood cell, WBC) ~ FEIEZER
(Heterophils) ~ JREEER (Lymphocytes) ~ EEfZER (Monocytes) ~ BE#E4EK (Eosinophils) ~ &gk Bk (Basophils) ~
[/MK (Platelet, PLT) 44 255 (Fibrinogen) 2 14 JE3 4T »

L &t
REGEZORI L IBM® SPSS” Statistics version 22 (SPSS, 2013) #7475 514047 » DLEE R -5 B8 531 (Two-way
ANOVA) thig &4H 7 72 REEME - & P <0.05 RAEFREE -
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+ =1=A
:%n %Eﬁi E:.I' aff
L 5~ BRIRIR S L CE T Rt TR R L S BNy A AR s 4

B BT RIS P L R R B R G 2020 £ 2021 FFEUHIE RS aEt4E R - fOEE R 1 £ 2
HZ R By 18.1 2 19.6°C » THI{H £ 63.7 £ 66.0 > FyniZE < 6 £ 8 H H IR Ky 28.7 2 29.4°C » THI{H
F580.6 £ 814 BEE (5 > 2023 ) - EEET N - SERESARIVK I BELGR/D - W AR E A HR
e FEt TR R AR RIS SREDLE  BE R THHE > SEmENsh o B PERE SRR - 5
FPITEEESNEE > HEPY THHEEERRAE (R 1) ZFNEEEEERE (P <0.05) - BUR{CEH
AP AR =R S B LR > HACH i THI BRSO S S M L IEAHR - SN EE
FIMPTRERRNEN - EINPIEEANRREN - =P THHESRER - BURERZEREE AR
H o

* 1. FEEFESNINGE - B K THHEEEREE

Table . Compare the mean temperature, relative humidity and THI value of the poultry house indoor and outdoor in the

morning and afternoon during the cool and hot seasons

Poultry house Items Cool season' Hot season'
Temperature, °C 20.021£2.91° 30.37£1.41°

Indoor Relative humidity, % 75.56£8.31° 71.79+7.77°
THI value 66.62+4.31° 82.43 £2.39"
Temperature, °C 20.35+3.72° 3229%2.12°

Outdoor Relative humidity, % 73.08 £ 12.30° 66.57+7.70°
THI value 66.89 T 4.15 84.12£2.59°

" Means in the same row with different superscript differ significantly (P < 0.05).
' Cool season : Jan. — Feb. ; Hot season : Jun. — Aug. ; Test time : 10 : 00 am and 2 : 00 pm.
Values are mean + SD.

FERVEOIRET > S E GRS R T E ~ B IIEIUK ~ (R SR i SR HY R i 20 3 2 78 E R 552 (Maack et all,
2013) - BYPIRYENEIANFE S (S5 0BI0TE ~ BP0 SRR F) S A R B (R ) BYIIR - RS LR EAE L
HERFREE (Minton, 1994) © (k{5 Kumari and Nath (2018) Bi7ER > #EEAVIEF DR 41 — 42°C > {EERM
JEFy 18 — 21°C » fEEmMIER AP RE HEF P 4139 CRE SRR 41.08°C (P < 0.05) (3% 2) @ {HREGEDR
T i S E A -

e ORI ARAREY 35.6 /4y > RERAIEy 23.1 K /5788 > 54930 R 418 EHERNFEGAT
AJREREAIZE 150 273§ (Jacob and Pescatore, 2013) - sER&EIR - {E&TIHER /7 #EMPIRSHREGF 1 39.75 £ 6.59
REEENIFEZE 3475 £7.06 (P <0.05) (% 2) > BURELEM#HENAFREDLELEEER - BRIy
R TR R RV E #RR » EEE Minton (1994) ZE4ESUEAT - (AL » A EERREOR M2 BB SR e IR
BURT 0 22 2 37 Bt wmMIHE n e HIEE AR - AR BAFRVESIHREAE

* 2. A PEEE THI RACE IR AR Bl oy S i

Table 2. The mean temperature, relative humidity and THI value of the poultry house, cloacal temperature and respiration

rate of HCF in the cool and hot seasons

Cloacal temperature,C ~ Respiration rate, time/min

Season THI value in-door THI value out-door (n = 60) (n = 60)
Cool' 68.6+t4.7° 69.8+6.1° 41.08£0.92° 34.75+7.06°
Hot' 84.7+2.4° 85.2+ 1.8 4139%0.51° 39.75 1 6.59°

" Means in the same column with different superscript differ significantly (P < 0.05).
" Cool season : Jan. — Feb. ; Hot season : Jun. — Aug.
Values are mean £ SD.
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EEEA AT RIRTIEETIRER YR ~ B AR R BUIPRER & 2RE AR (P < 0.05) (£ 3) - &4~ BEF
PREAEIFRSRE SRR E > HAGRR - 33 S8R EBESNAE  NAEN - SRR S

=47 38.6 — 40.8 071 o I FIHEEAEGERETER] -

T3 ALEMER - PR B RES A 5 B 7y SR SRR

Table 3. The mean cloacal temperature and respiration rate of HCF roosters and hens in the cool and hot seasons

Season Sex (n=30) Test time Cloacal temperature,°C  Respiration rate, time/min
Roostord’ AM’ 412+ 1.0™ 33.3 % 12.4°
oosters
) P.M’ 414+ 1.1% 33.5+11.8
Cool AM’ 41.1%0.9° 354+13.8°
, . 110. 4113,
HenS 3 abc c
PM 413%15 36.8114.7
Roostord’ AM’ 415104 392+ 14,1
oosters
1 PM’ 412104 38.6116.7°
Hot AM’ 413+0.4™ 40.4+11.8°
, ) 310. 4111,
Hens 3 + cd + a
PM 41.1£0.6 40.8+13.8

*¢4 Means in the same row with different superscript differ significantly (P < 0.05).

" Cool season : Jan. — Feb. ; Hot season : Jun. — Aug.
> n=230.

? Test time A.M. 10:00 and P.M. 2:00.

Values are mean + SD.

IL 05~ ARSI E MR A L EEE

FEFBAASR N EEREH - T AN RN ERVEL - B SE R A REE A A A2 (Lara and

Rostagno, 2013) ° IR A=A LFE AR A AT LS8 st S Bt @y AR BRSO ER 8L - DURAUEH AT IR - L [
B~ =R HOmAE RihE 2 @i /K e i E e B A RIESEE 2SR - fEiR » IEREEE LA &E
HWEAFE - EEREESHAEN S SR ZMES  ZEEEIREA ST HEENLENELARK
2> GEEEENGE - BEMPELE (iang er al, 2023) - KAEER - BERIMRELESTEREDR  LF
FIREMR WS ~ RFT AP - WhBREREE R O EDBREOEE 4 HgHE - BAFEEZ SRR
(P <0.05) » PL&SSREIIZR RN » ZAEOE N G REE - EO ~ BEAKKED - HEMIIRPIA R A
yEME > FHARIE (Bueno er al., 2017) « HSeRERgEiEar 2 ~ dw - My - MmRBEEE L E 2E 5 HEE - FEH
EEREE (P <0.05) - HAf 13 HHMEAI A SR EREEER (£ 4)  BSAEZMRAE(LE TSR
25 FamnEE  NEABRITEE SN -

[T R P58 ] o P e 1 A IR RR AV B > I B S VB E R 22 AR 52 2 (Kalinski er al., 2014) » 7 30°CH135C
e R BN P e RS AT DA R A ERARAY L - B A EERY TR RS & 7= (Donkoh, 1989) - ZAEAE
RHEY) TR — ST =R — B ERREhER - (RENATEEE BRI - MEER - Bl S A /Kig
(Kuo et al., 2013) - B 7S 2 FREHLEVAHE LR E » B LS InE D ERERIDR VEE G - 185
B R URER T P 5 e 5 P B » ST i s P R i A2 B AR - ST O S M S A I LB R SR e A LR S R IR T
HIAEFIFEEE - BB RER U SAIHIRE R - EMmRRaE s Em AR DU B GR35 SR ek
HIFFEE 7 fR s E A - e M PRISF I R A A MR RIS » A & M2 RIS HY T 2EaE AR - IRIBh IR Rz B R
W2 FAE R SRR IR T A4 (McFarlane and Curtis, 1989; Skwarska et al., 2022) - Bueno et al. (2017) if}5¢
fath - #REAE 36°C MEIREVE A —/ NI I IR P A AN RS I - T E S R BN B A0 1R S [ e HT e B 2
25 o AERsE R ICHE I - RFTR B EREEBL N e S R B B F RE N B S R » HETRE
BRI I # S S EIRE EA R - HESE A EZADEREE SN EE » HESURAEFTAE - FRAREA -
R e T -

[55 38 5 DL ol F AT 20T BLER AR B VIR o UK pH EIVF & & B E05HE T EHE o
BiskS  ULAEEF R BRI (Odom er al, 1986) » 15T T L5 B AL SR 17 E R (Samara et al.
1996) > [fif Barrett et al. (2019) FFZEi5H » BABA S (HMISRE T - SAWHICEREEA SR EMmR H IR
% - BT RE T N EO2 B (F SR O (T2 (Ognik and Sembratowicz, 2012) - [t EIAG R4S R AC & M2k M
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*4. feEMHR - BAEMREES T

Table 4. Analysis of blood biochemical parameters of HFC in the cool and hot seasons

Items Cool season' (n = 60) Hot season' (n = 60)
Glucose, mg/dL 237 £30° 248+ 17°
Blood urea nitrogen, mg/dL 1.21+0.36 1.10£0.27
Creatinine, mg/dL 0.17£0.13 0.20%0.15
Uric acid, mg/dL 5.19%1.70 4.81+147
Creatine kinase, 10’ IU/L 1.81+1.05 2.07%1.17
Aspartate aminotransferase, U/L 189 + 82° 223 + 63°
Alanine aminotransferase, U/L 325117 6.22 £3.60°
Alkaline phosphatase, IU/L 276 £ 102 276 = 158
Total bilirubin, mg/dL 0.42+0.58" 0.33£0.31°
Total protein, g/dL 4.55%0.75 4.8810.77
Albumin, g/dL 1.82£0.37 1.90£0.33
Globulin, g/dL 2.7310.51 2.5810.48
A/G? 0.68+0.13 0.74 £ 0.09°
Total cholesterol, mg/dL 128 £37 135146
Triglyceride, mg/dL 278 £ 236 3721483
Sodium, meq/L 157% 16" 1525
Potassium, meq/L 7.08 £2.22° 5.99 1 1.42°
Calcium, mg/dL 17.79 £ 7.44 16.06 7.26
Phosphate, mg/dL 4.66%1.19° 4.18%1.09°
Glucocorticoids, ng/mL 9.056.05" 6.41 £5.09°
Immunoglobulin G, pg/mL 30.57£25.0 36.03122.6
Immunoglobulin A, pg/mL 101 £42 116 £ 68
abc

Means in the same row with different superscript differ significantly (P < 0.05).
' Cool season : Jan. — Feb. ; Hot season : Jun. — Aug.

*> A/G = Albumin/ Globulin.

Values are mean + SD.

IEAh » BAEH IR R RE IR NIIG E R T - (RS RORERHIR - & w3 S 5 BN R
A% o WIFTRDT - PANEIO SRS AR B 2 85 18 S E R Y52 2 (Tang er al., 2021) © Quinteiro-Filho et al. (2017)
HIbTFEREE - BANEE G RSSO — W T EEAe — B AR S DS A A R o IR B A RIE AT 0 5]
SEMEERAYEL - EEPGRERARE [ 2RI IR D PTR E Er  ERGUEIRE T > MUFREEREN A ~ BJEBK
EAM RRERES Y FHE  hg2FFERERZE - AREGREET - 58 slgA HURE > A
+fEREEAT JE A S 0 (Germinal centres, GCs) #EH YKV (Calefi ef al., 2016) o ARG EREE REUREF RIEEK
EH ANMBERES GRESIRE - IATHAFER FEZRE T AEBE 2% -

ML J5t ~ AFREE L E R IR &

o BERMUREZ T RER - 4LMEREPALMER M AT ZRE S 2 M ENR R FEE SRR AE - [
AR~ PIALMBRAE R ~ PIILLMBRMATER - Wi Ek R e R F 5 THEUE (R 6 ) WAFEE SN RS
(P <0.05) » NEEFZIMRE S HTEE FALNE 7 -

BFEfEHAE 30°CRI 35 Clmr R e EaE i > BRI ERRETS « dLMBORE - MALER P45



AL PR AFEA M AZ 4 2R A RS2k (Donkoh, 1989) « IAFTEEE - BERZ A {HEIR H SRS AHAEEE R I - M
BRELME AR (H/L) (McFarlane and Curtis, 1989; Skwarska et al., 2022) >
H/L LSS0 > BLOTE R @ S aV LI ML H LB R EE v 5 > (H{EE S ER N E P EEIE
W PEER B S A RS H/L ER B B = SR > B
EITHEN RS I - BORZERTIL Maxwell (1993) filt 2 %2

iiliak se==o G IR pIlIES::

I I (Maxwell, 1993) « AH{ERES A S IR
BN fHERE IR B G IR s

Tl L

xS, ALEMER - AFLAEERS MRE(BES T

Table 5. Analysis of blood biochemical parameters of HFC roosters and hens in the cool and hot seasons

EhiIEE

>NTH

wiFE BRIE REE

Items 3Cool season' : 3Hot season' :
Roosters Hens Roosters Hens
Glucose, mg/dL 252 +30° 222 £22° 254 16" 242+ 18°
Blood urea nitrogen, mg/dL 1.16£0.22* 1.27 £ 0.46" 1.08+0.21° 1.13£0.31™
Creatinine, mg/dL 0.19£0.12 0.16%0.14 0.1910.15 0.2110.16
Uric acid, mg/dL 571£1.77° 4,661 1.48° 4621 1.64° 499+ 127"
Creatine kinase, 10° TU/L 2.64 % 0.90° 1.07 £0.43° 2.81+1.05° 1.32£0.72°
Aspartate aminotransferase, U/L 223.6 £ 96" 154.3 £45° 251.3 £58° 195.4 £55°
Alanine aminotransferase, U/L 3.41+1.3° 3.13+1.1° 7.00+4.1° 545128
Alkaline phosphatase, TU/L 301.3 86 2503 %111 257.7% 141 294.8 + 174
Total bilirubin, mg/dL 0.68+0.74° 0.17+0.22° 0.40 £ 0.34° 0.26 £0.25
Total protein, g/dL 45810.78" 45110.73° 4.10+0.68° 4.87+0.65
Albumin, g/dL 1.77 £0.34° 1.87 £0.39° 1.76 £ 0.33 2.05+£027°
Globulin, g/dL 2.8210.59° 2.6410.41° 2.3310.38° 2.8210.45°
A/G’ 0.64+0.13° 0.7110.12° 0.75 1 0.09° 0.74 1 0.09°
Total cholesterol, mg/dL 126.5 36 130.0 £ 38 125.1+£36 144.0 53
Triglyceride, mg/dL 93.9 £45° 4493 £211° 41.1+14° 737.1 £ 557°
Sodium, meg/L 153.6£11° 160.4 £ 18 152.7£5° 151.0£4°
Potassium, meq/L 7.24+281° 6.5311.69° 6.55+1.72° 5.44+0.78"
Calcium, mg/dL 11.30 £ 2.46° 23.84 1 4.96" 10.60 £ 0.69° 21.52+6.71°
Phosphate, mg/dL 4.1310.74° 516+ 1.32" 3.84+0.79° 451 +£1.25™
Glucocorticoids, ng/mL 9.3215.84" 8.77 % 6.34* 7.3315.86° 5.5514.18"
Immunoglobulin G, pg/mL 31.41%20.83 29.72£28.93 2630+ 16.52 45.12£23.94
Immunoglobulin A, pg/mL 87.29+31.74 11533 £46.47 133.12 £ 84.56 99.36 + 43.82

"¢ Means in the same row with different superscript differ significantly (P < 0.05).

' Cool season : Jan. — Feb. ; Hot season : Jun. — Aug.

2 A/G = Albumin/ Globulin.
*n=30.
Values are mean * SD.

Yahav et al. (1997) b5Ef5 i - PCV HyER{L o] REBLEHE SR (L IE LU IE S E A BB LARH - R AVEIEIRE
PCV HYSEANATRESR By 1 kD MR RE ] PAR APt A TR » It mT RE SR Bl TR B MCHC [ -

alBReE R > PCV B MCH BAFEERE SRS - MCHC SARB{EREEIYRE - [LBLATHhT ST HIEIE -

SRR NIRRT

AN RS > HIEEE > AAEEEER -

R LRI #E A B MR IR T A 2 SUBRaE RBLaT A 7ess
REMDEFE - ZBMRA AL ERMRESREIEILF AR RN EE A - RBURICE I8 o] FE b B I E A e

TEErIE
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*o6. fLEMiEE - BRFMREST

Table 6. Analysis of hematological parameters of HCF in the cool and hot seasons

TEE IR BT RER  ABUE ~ IR A b R R B2 2R

Items

Cool season (n = 60)"

Hot season (n = 60)'

Packed cell volume, %

Red blood cell, x 10%pL
Hemoglobin, g/dL

Mean corpuscular volume, fL
Mean cell hemoglobin, pg
Mean corpuscular hemoglobin
concentration, g/dL

White blood cell, x 10*/uL
Heterophils, /ulL
Lymphocytes, /uL
Monocytes, /uL

Eosinophils, /uL

Basophils, /pL

Platelte, x 10°/uL
Fibrinogen, g/dL

H/L?

35.86 1 5.62"
3.03 1 0.40°
14.29+2.21
118£8°
47.04 £2.45°
2281149
39.93 +2.50°
1437+4.0
4,126 £ 2,534
7,411 £ 2,690
2,245% 1,535
2281149
376 £273°
18.74 1 6.52
0.4210.20°
0.76 + 0.88

39.29 + 8.43"
2.8110.52°
14.02+2.95
140 +15°
49.79 +3.16"
223+ 137
35.90 £3.96°
14.38 + 4.82
4,052 £2,478
7,668 3,275
1,869 + 1,507
223+ 137
541 % 390°
21.31+£10.89
0.50 +0.14"
0.63 +0.44

“® Means in the same row with different superscript differ significantly (P < 0.05).

' Cool season : Jan. — Feb. ; Hot season : Jun. — Aug.

* H/L = Heterophils / Lymphocytes.

Values are mean * SD.

* 7. fLEMER - AR NS ERE IR AL EI T

Table 7. Analysis of blood biochemical parameters of HFC roosters and hens in the cool and hot seasons

Cool season (n = 30)'

Hot season (n = 30)'

Items > > > >
Roosters Hens Roosters Hens
Packed cell volume, % 37.47+4.4° 34.1416.3° 36.4317.2° 4235%8.7°
Red blood cell, x 10%pL 3.06+0.33" 3.00+0.47 2.8710.52" 2.74%0.53"
Hemoglobin, g/dL 1432+2.75 14.25+2.68 1422+2.75 13.80+£3.20
Mean corpuscular volume, fL 122.23 +5.08° 113.69 £ 7.93¢ 126.67 £ 5.06° 154.39 £ 5.00°
Mean cell hemoglobin, pg 46.75 £ 2.40° 47.34%2.50° 49.47+2.54* 50.14 £3.73°
Bgii‘;t‘;;f;iuglj‘éﬁemogk’bm 38254 1.3" 4174 +2.19° 39.09 +2.02° 32.48%2.31°
White blood cell, x 10°/uL 16.55 £3.49° 12.04 £3.15° 14.51 £5.60" 14.24 +3.93
Heterophils, /uL 4,806 2,942° 3,397+ 1,787" 4,512 2,501 3,560 £ 2,399™
Lymphocytes, /uL 8,066  2,466™ 6,708 +2,785" 6,025 + 1,980° 9,425 * 3,496
Monocytes, /uL 2,681 +1,775° 1,778 £ 1,074° 2,687 +1,510° 933 £ 897°
Eosinophils, /uL 248+ 171 18783 223+ 125 224 %157
Basophils, /uL 437 £ 268" 221 £230° 774 + 318" 174 £ 94°
Platelte, x 10°/uL. 15.30 £5.60° 22.34+536" 20.77 £ 8.63" 21.89 £ 13.03"
Fibrinogen, g/dL 0.46£0.22° 0.38%0.16° 0.43£0.18 0.55%0.07°
H/L? 0.75 % 0.80 0.78 £0.98 0.77£0.34 0.47 £0.49

»" ¢4 Means in the same row with different superscript differ significantly (P < 0.05).

' Cool season : Jan. — Feb. ; Hot season : Jun. — Aug.

* H/L = Heterophils/Lymphocytes.

Values are mean £ SD.
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Abstract

This study recorded the variances of the physiological values and blood biochemical values from Hualien Animal
Propagation Station Cockfighting cocks aged between 22 to 37 weeks to understand the effects of the cool season (January
to February) and hot season (June to August) on the physiological traits of HCF breeders. The results show that the cloacal
temperature and THI values of HCF poultry houses (indoor and outdoor) were both significantly higher in the hot season
and the humidity was higher in the cool season (P < 0.05). The average cloacal temperature and the respiratory rate 41.39°C
in hot season, compared with 41.08°C in the cool season. Nonetheless, the body temperature in both cool and hot seasons
fell within reasonable range. The respiratory frequency per minute was 39.75 £ 6.59 times/min in the hot season and
significantly higher than 34.75 £ 7.06 times /min, in the cool season (P < 0.05). This means that HCF cocks increase the
number of respirations in the hot season under high temperature and humidity, in order to modulate and dissipate the heat
for temperature stabilization. In the blood biochemical analysis: the blood glucose, aspartate aminotransferase, alanine
aminotransferase, and albumin/globulin ratio in the blood of HCF cocks were significantly higher in the hot season than
in the cool season. In addition, the bilirubin, blood sodium, blood potassium, blood phosphate s and glucocorticoids, were
significantly higher in the cool season than in the hot season (P < 0.05). In hematology analysis: the blood cells and average
red blood cell hemoglobin concentration were significantly higher in the cool season than those in the hot season. The
hematocrit, mean erythrocyte volume, mean erythrocyte hemoglobin, basophils and cellulose, were significantly higher in the
hot season than those in the cool season (P < 0.05). In sum, this experiment shows that the changes in ambient temperature
has impact on HCF's physiological and blood traits. Most blood biochemical and hematological values are within the
normal physiological performance range. This shows that HCF can self-regulate to adapt to Taiwan's climate changes, which

excellent adaptability is favorable for growing in Taiwan.

Key words: HLAPS dockfighting cocks, Blood biochemical, Hematology.
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Fig. 1. Changes of crude protein of whole plant (upper) and stover (lower) during 14 - 70 days post silking for the four lines.
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Fig. 3. Changes of the water soluble carbohydrate and starch of whole plant and stover during 14 - 70 days post silking for

the four lines. € H63 IMH70 A H202 x H101.
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Fig. 4. Variation trends of nutrient contents during 14 - 70 days post silking for the whole plant and stover of the average of
four lines. 4 H63 IH70 A H202 x H101.
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Table 1. Comparisons of nutrient contents and yield of whole plant and stover between 35 days and 70 days after silking

Item Days after Dry matter Fresh yield Dry yield Crude Neutral Acid de-tergent Water solu-ble Starch

silking protein detergent fiber fiber carbohy-drate
Days % mt/ha mt/ha %
Whole 35 29.6° 50.5° 15.0° 9.1 44.0* 27.2° 9.9 25.5°
plant 70 59.5° 31.2° 18.1° 8.7 4.0 23.5° 5.3° 414
35 23.2° 37.0° 8.5 8.7 60.9° 38.9° 11.6" 3.9°
Stover . , .
70 48.0° 16.0 7.5 8.5 64.8" 42.6° 7.7 5.7

“® Means in same column within same item with different superscripts are significantly different at 5%.
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W A
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Abstract

The purpose of the study aimed to analyze the changes in nutritional composition in forage corn from the silage period
to the full maturity period, in order to understand the forage value of the whole plant and the stover. The study conducted a
harvest survey every 7 days from 14 to 70 days after silking of four forage corn lines to investigate the changes in nutritional
composition from the early silage and harvest period to maturity. The results showed a slight linear decline in the crude
protein (CP) content of the whole plant during the survey period, with the difference of only 1% in pre/post period. The
content of acid-detergent fiber (ADF) and neutral-detergent fiber (NDF) remained stable or slightly decreased after 49 days
post-silking, while starch content increased from less than 5% in the early stages to 40% at 70 days.

In terms of stover, CP exhibited a similar trend to the whole plant, decreasing slightly over the survey period. NDF
reached its lowest point around 35 days and then increased, showing a difference of about 3% from the lowest point. ADF
linearly increased from 39% to 42%, and starch content remained low throughout the period. The harvest of average silage
period at 35 days after silking and the delayed harvest at 70 days were compared and showed ed no significant difference
in whole-plant CP, but NDF and ADF were significantly lower at 70 days, compared with at 35 days, reaching a level of
significance. Dry matter yield increased from 15.0 mt/ha at 35 days to 18.1 mt/ha at 70 days, with a substantial increase in
dry matter percentage. This suggests that delaying harvest by 35 days can yield maize material with higher dry matter and
nutritional value comparable to that harvested at the silage period. Furthermore, this study aimed to evaluate the forage value
of stover by surveying the changes in stover composition. The results showed that stover harvested 70 days after silking had
CP, NDF, and ADF percentages of 8.5%, 64.8%, and 42.6%, respectively, with a dry matter yield of 7.5 mt/ha, equivalent to
the yield of a single pangolagrass harvest, which suggests its potential as a byproduct with forage material.

Key words: Maturity, Forage corn, Nutritional composition.
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# 1. FEReTELHR

Table 1. The composition of experimental diet

Ingredients %

Yellow corn, ground 71.65

Soybean meal, 43% CP 22.71

Soy oil 1.08

Molassess 1.5

Salt 0.5

Choline chloride, 50% 0.1

Dicalcium phosphate 1.3

Limestone, pulverized 0.7

Lysine 0.21

Vitamin premix* 0.1

Mineral premix® 0.15

Total 100.0

Calculated ME, kcal/kg 3,303.1

Analysed values, %

Crude protein 15.2

Calcium 0.67

Total phosphorous 0.54

Lysine 0.92

TSAA 0.47

* Vitamin premix provided per kilogram of diet: Vitamin A, 6,000 IU; Vitamin D,, 400 IU; Vitamin E, 40 IU; Vitamin K, 2
mg; Vitamin B, 2 mg; Vitamin B,, 6 mg; Vitamin B, 3 mg; Vitamin B,,, 0.03 mg; Niacin, 30 mg; Pantothenic acid, 30 mg;
Folic acid, 0.6 mg and Biotin, 0.2 mg.

® Mineral premix provided per kilogram of diet: Fe, 80 ppm; Cu, 5 ppm; Mn, 6 ppm; Zn, 45 ppm; I, 0.2 ppm; Se, 0.1 ppm

and Co, 0.35 ppm.

Abbreviation: CP, crude protein; ME, metabolic energy; TSAA, total sulfur amino acid.
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BERIRFENIIPI ST LE (Kyriazakis and Whitiemore, 2006) » TSI th FIRF i GBI IR €61 T A RIR £ Bt
(% - 2009 )+ E2% (2000) HIEHELARH 21°C_EAF 33CHY - B 60 AFTATR S HRARME 22 AF
FEEE 1.6 107 AHHTErH S ARTRAHL A SERGEATHE (% 1) > ERUECIRBEI REMAZA B BB R EC A R -
g RSB (thermoneutral zone) 2 57 Fy BT Dl A M A A MR A KHEFF IR ERRIA] (Mount
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TR » S ERER S S = SR (upper critical temperature) B » RIJFHEE A FRAEH] - 202801 K 2. » DUIIZRER
B M iE R S E Y= (Mount, 1975) © Amavizca-Nazar et al. (2019) 32 558 HRTEREES /A 18 £ 25T
2 MIRBDRE SN 25 Cil g5 [EEVEE - IEEVEUEIREET » B R R E TR E & DUV BVEA: (Quiniou
et al., 2000) - ZAMEREAVEHETRIZEFE N H I E ~ GPRIFFHRERAEZEN A RIERE (155 > 2009 ; Rinaldo and
Le Dividich, 1991; Cottrell et al., 2015; Liu et al., 2022 ) °
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Table 2. Effects of different ambient temperatures on growth performance of growing pigs

Treatments®
Item SEM P-value
LT MT HT

No. of animals, hd 6 6 6 — -
Initial BW wt, kg 56.97 57.02 57.60 1.31 0.964
Finish BW wt, kg 71.43° 72.45° 68.25 1.31 0.038
ADG, kg/day 1.033° 1.102° 0.761° 0.04 0.004
Feed intake, kg/day 2.449* 2.486° 2.039 0.06 0.005
Feed efficiency, gain/feed 0.422° 0.445" 0.371° 0.01 0.022

VLT (low temperature), MT (mild temperature), and HT (high temperature) represented the chamber temperature as 22°C,
26°C and 30°C, respectively.

a, b

IL.

Means in the same row with the different superscript differ significantly (P < 0.05).

ARFREGERER > 30C U ENENREERETHENRERE - MMEZUY ENE - B LIRS R —
BL o BRELZAM > LT F1 HT gHFRIFHARPIETRICE - LT g H4HE: HT 4V AR VR E R o #EH LT 4HER
BER - By RE R A AR E A BvE N RORAVIREE N EFFR » MIFRNAEER -
BRI R

FHARTRZE ~ BN ~ BB BRI 80% DL I » SAAMMEEE =R (£ 3) - BENEERS
RO S BRI MIRE AR HE N 2R N RN A ER - EFE SRR SRS
DUNHEEE » FEE R M L HVRE E2RGEFRR - Falh BRERY RS tLRMFRK - A S IRBDRE G5
B aE  JEIHI)RE T & (Verstegen ef al., 1973; Kouba et al., 2001) - Kouba et al. (2001) 51 » E\ELAEr
W hREREAH4S S & H # RS (lipoprotein lipase) AY &4 DA R A R FE RS EE 5 (very low-density lipoproteins)
HUERE - BURENE AN s As I AH AR TR oV RERR (s - (R HERE I AH AR RO G A TP i = B HOHBERS 2] > 5L
S HIAERRITE © Wu e al. (2016) JRE53R » [EERIET » EESHLTPAVASHGR B- EALIE & HAIH] o £ ILRAE
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Table 3. Effects of different ambient temperatures on nutrient apparent digestibility and metabolic rate of growing pigs

Item Treatments SEM P-value
LT MT HT
No. of animals, hd 6 6 6 — —
Digestibility, %
Dry matter 0.874 0.887 0.891 0.06 NS
Crude protein 0.826 0.849 0.854 0.01 NS
Energy 0.845 0.862 0.864 0.08 NS
Metabolic rate, %
Crude protein 0.655 0.670 0.674 0.01 NS
Energy 0.836 0.850 0.850 0.01 NS

VLT (low temperature), MT (mild temperature), and HT (high temperature) represented the chamber temperature as 22°C,
26°C and 30°C, respectively.
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B 1. RFERE RS R R i -
Fig. 1. Effects of ambient temperature on the respiratory rate of growing pigs. LT (low temperature; N = 6), MT (mild

temperature; N = 6), and HT (high temperature; N = 6) represented the chamber temperature as 22°C, 26°C and 30°C,
respectively.

" Significant difference was found between the average of treatments (P = 0.001; SEM = 4.18).
“® Values in the same days with different superscript letters were significantly different (P < 0.05).
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Fig. 2. Effects of ambient temperatures on the rectal temperature of growing pigs. LT (low temperature; N = 6), MT (mild
temperature; N = 6), and HT (high temperature; N = 6) represented the chamber temperature as 22°C, 26°C and 30°C,
respectively.

" Significant difference was found between the average of treatments (P = 0.001; SEM = 0.15).

*® Values in the same days with different superscript letters were significantly different (P < 0.05).

IV, R AAB(E R R ERFE AR
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A HE%DJ?]MQ%TET%@?Q@%%& » BURB e R AT S A% SR MU EET 2T - MR A B ENIREE
AT DA Ry A BERRE A TE AR DASC LA AV (AR - P37 S22 AR BB HIDIAE (Ohaeri and Eluwa, 2011) » ZRE5ERE
saEl > FEEIEE S LUE RS - e 2SR E# = Z AT SRMEEESHEARIIR -
RIE > ABHZERRAaR S IR IR L (3R 4 &38R 5) FIDME R BRI N REHEA LGN -
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Table 4. Effects of different ambient temperatures on blood biochemical value of growing pigs

Item Treatments’ SEM P-value
LT MT HT

No. of samples 6 6 6 — —

At the beginning of adaption period
Glu, mg/dL 80.17 84.17 79.83 3.67 NS
TG, mg/dL 26.33 63.67 34.33 12.27 NS
Tchol, mg/dL 94.17 87.00 94.67 2.81 NS
HDL, mg/dL 34.00 33.00 34.67 1.75 NS
LDL, mg/dL 55.67 47.50 53.33 2.29 NS
GOT, U/L 44.67 98.50 50.67 24.62 NS
GPT, U/L 48.33 49.67 46.00 3.24 NS
ALP, U/L 171.0 188.3 150.3 12.96 NS
CPK, U/L 259.4 209.2 358.2 77.9 NS
SUN, mg/dL 8.83 7.33 8.17 0.56 NS
Creatinine, mg/dL 1.24 1.06 1.22 0.06 NS
TP, g/dL 5.57 5.33 5.60 0.09 NS

Alb, g/dL 3.25 3.17 3.38 0.14 NS
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Table 4. Effects of different ambient temperatures on blood biochemical value of growing pigs (continued)

Item Treauments SEM P-value
LT MT HT
Glo, g/dL 2.32 2.17 2.22 0.14 NS
Calcium, mg/dL 10.50 10.47 10.52 0.14 NS
Cortisol, mg/mL 413.8 420.3 507.0 25.0 NS
IgG, pg/mL 20.06 16.55 15.92 1.70 NS
After the collection period
Glu, mg/dL 107.17 105.17 90.33 4.48 NS
TG, mg/dL 23.33 25.67 26.33 2.19 NS
Tchol, mg/dL 79.67 79.83 82.67 2.49 NS
HDL, mg/dL 33.50 32.00 28.50 1.35 NS
LDL, mg/dL 45.17 45.00 51.00 1.60 NS
GOT, U/L 37.33 37.50 33.83 3.00 NS
GPT, U/L 44.67 42.50 36.33 2.69 NS
ALP, U/L 174.7° 149.8° 102.3° 8.28 0.03
CPK, U/L 3,323 4,268 4,565 783.9 NS
SUN, mg/dL 7.33 6.83 6.83 0.54 NS
Creatinine, mg/dL 1.03° 1.01° 1.25° 0.05 0.04
TP, g/dL 5.92 5.97 6.17 0.11 NS
Alb, g/dL 3.85 3.88 3.88 0.10 NS
Glo, g/dL 2.07 2.08 2.28 0.10 NS
Calcium, mg/dL 10.30 10.28 10.12 0.08 NS
Cortisol, mg/mL 2453 296.5 240.3 14.49 NS
IgG, pg/mL 11.68 15.08 13.59 1.05 NS

VLT (low temperature), MT (mild temperature), and HT (high temperature) represented the chamber temperature as 22°C,

26°C and 30°C, respectively.

" Means in the same row with the different superscript differ significantly (P < 0.05).

EIREURERR T ERESVIRIA RIS - (LB EYIRVABEIRE L R - FIAE SRR L
SR AE(LEMMUIRIE (Renaudeau et al., 2012) « fEANTFES > KE IR EIARI R S0 14 Kk > HT &
PREAEIERTE - B LT A0 MT HAE ML > FIRHBEERAVERIEMIREE S (R 4) ~ BEEHIHLERRT (& 3 ) A
WRAYPHIALIMBREERE (R 5 ) (P <0.05) » HMIIURE(LERIREHERBEER (R4 KR S) - BURRIER
EUREA T o MR R A ARG EIRIIEN - RREMRIE » (RN AR EIRFHETT - A4 RIESIREDAE
TR HEEA R E A RA BRI EERE KAE (£ 4) - DUBREH KRB BIIRERITEEE - MR MIEEs K EFE
PERET  HE A E R RIERE > AUVRBURSIREDRE N E TRy E (H e 28 T8 > 26N
AR HERETE G EUOKEAE - EMZEF IR - NANEYUKE > IEFE DR © PHLLmRER
HALMBRE AN - BRHYFO4LIMERAE RIS &1 - B s RiRg rl e G EEH S ks
S ERIE R ER B SR > TSR E MR - AWTFEt HT 2 &L A EH LT ke MT 412 )R - feE
FEE (RS5) -

BERIBIFERUR - AR ~ MR - i - EEIRIUAEREERYA B S 254 R ERYZSE Miller ef al,
1961a; 1961b) - 53 2% (2018 : 2019) S - EIEA A+ B NRIGA BIEAH A LR (E B R BRI R SRR I el A8 —
SRAVIMURIE (5 > 2011 ) > HanflRAYZER - AFTFEh A LYD HMEAQASE - TR R sk Losatd - Hilgd(t
EAMUR S E S sl B — IR AR O > 2011) > EERRIENANIZEZ LYD S ASE L mal R g — 5t
ABERAMFRER ~ BEHREERNTERL ERER - NEE - PUIREHE IR U R HIEFE S A 2 BIRVE I -
JEZ Ak Ry miE ~ HERIEEIR -
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Table 5. Effects of different ambient temperatures on hematological parameters of growing pigs

Item Treatments’ SEM P-value
LT MT HT

No. of samples 6 6 6 — —

At the beginning of adaption period
WBC Count, uL 19,830 20,550 20,767 1,697 NS
RBC Count, x 10° /uL 6.70 6.51 6.80 0.19 NS
Hgb, g/dL 11.42 10.68 10.83 0.35 NS
Platelets, x 10*/uL 30.32 23.04 32.77 4.51 NS
HCT, % 40.07 37.84 38.78 1.43 NS
MCH, pg/cell 17.08 16.50 15.93 0.31 NS
MCV, fl 59.70 58.08 56.97 0.92 NS
MCHC, g/dL 28.60 28.42 28.00 0.35 NS
Neutrophils, % 37.45 31.90 39.77 3.17 NS
Lymphocytes, % 53.05 56.02 51.20 2.96 NS
Monocytes, % 5.75 7.68 5.92 0.84 NS
Basophils, % 0.30 0.38 0.35 0.05 NS
Eosinophils, % 3.45 4.02 2.77 0.56 NS

After the collection period
WBC Count, uL 19,413 19,315 16,668 1,195 NS
RBC Count, x 10° AuLL 6.52 6.61 6.60 0.12 NS
Hgb, g/dL 11.25 10.98 10.68 0.20 NS
Platelets, x 10*/uL 27.78 29.93 33.65 2.83 NS
HCT, % 41.25 40.65 39.35 0.60 NS
MCH, pg/cell 17.25 16.67 16.20 0.27 NS
MCV, fl 63.32° 61.63* 59.63° 0.72 0.03
MCHC, g/dL 27.28 27.00 27.15 0.25 NS
Neutrophils, % 29.62 29.30 24.98 1.72 NS
Lymphocytes, % 61.12 60.35 63.87 1.84 NS
Monocytes, % 5.12 5.22 5.65 0.58 NS
Basophils, % 0.45 0.65 0.38 0.07 NS
Eosinophils, % 3.70 4.48 5.12 0.79 NS

VLT (low temperature), MT (mild temperature), and HT (high temperature) represented the chamber temperature as 22°C,
26°C and 30°C, respectively.
" Means in the same row with the different superscript differ significantly (P < 0.05).

fw
S 30°CIRBLEIE 14 K73 AU RIOMENE BAHR G RIG - TR T 4 R A - BeRs BRI &

e EAVIPIPR NI ERG R - IR Rephlse &2 Rl 2 RO AT - 11 > PARa g ELERIFE SRt
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Abstract

The purpose of this study was to investigate the environmental temperature on growth, apparent digestibility of
nutrients, and physiological characteristics of growing pigs, as a reference for feeding management on the negative effect
of production and physiological state of pigs caused by heat stress. Eighteen heads of LYD hybrid pigs averaged at 57.2
kg comprising half male and half female, were individually raised in the metabolic cages and randomly assigned to three
chamber rooms, i.e. the LT (22°C), MT (26°C), and HT (30°C) groups for metabolism experiment. The pigs were fed with
CP 15.2% and ME 3,300 kcal/kg, and ad libitum water. After seven days of adaptation period followed by seven days of total
collection period was carried out, the respiratory rate and rectal temperature were measured on the 3rd, 4th and 5th day of
collection period. The blood was collected after weighing the bodies, before and after the experiment. The results showed
that growth performance of pigs in the HT group was significantly lower than that in the LT and MT group. However,
environmental temperature did not affect the apparent digestibility of nutrients. The respiratory rate and rectal temperature
of pigs in the HT group were significantly higher than that in the LT and MT group. Blood parameters showed that the HT
treated pigs showed lower alkaline phosphatase, higher creatinine, and lower mean cell volume (MCV) compared to the LT
and MT treated pigs. In summary, high environmental temperature lowered the growth performance of growing pigs, which
was related to the feed intake. High environmental temperature also negatively affected the physiological responses by

increasing the respiratory rate and rectal temperature mainly, which could be an indicator for detecting the heat stress of pigs.

Key words: Growing pigs, Growth performance, High environmental temperature, Physiological response.
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Z 38.92 £ 1.49 (P <0.05) - fEMUAEALAETTTH - $HHRAH K TMR 412 75 =R H MBSl Fy 25.94 £ 1.82 J7 33.53 £
2.19 mg/dL ; 4EREEIRE 57 A B 76.76 + 6.38 K7 116.47 £ 9.93 mg/dL - HHHZAHIEZEZE (XY TMR 48 (P < 0.05) > &R
R EUREATE A 29.48 £ 1.10 mg/dL B =7 TMR 4H.2 24.89 + 1.22 mg/dL (P < 0.05) - {E&LR Rt fl - DU
HEE P ARSI e E R A TH - TMR HEH IR IR 2,867 T2 Wiss « &7 LA - DISE2RE
FEERET 2 FEE M RE B A AR T AU R (B RS AE S - [ERHEEER -

B - EEKREE ~ eaiRa 0K - B -

i

SeaR & H i (total mixed ration, TMR) £7fii EEZ EFI Y ALAF ~ AP RFEZFR I > Al VIER B RERE
% o MEREF ELAEEE - Bkt « riesGz R FRERE - A EEEGERE G0 BRFRERES TI#T
EREFST > IR RERE A FRHE PR > HEEE R RIAR - BEEAH > BEMPEEEE - BREEmEIEE
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R e E R T fEERAt 2 DRI SRS 28 AFNERFLAEREE N e FE
R EY OB e R AEIRR - RERE IEE IR - BEUEEMRERIE T 8 - SR EEE (2] 2015) -
Pi et al. (2005) 45 R MHRL o B BE B2 FE IR S B8P T - (BN E S S A E e AN LA E 2 K E8Y) - BN
RIFLUA R B ED AT (AU B NI EHEREIRE & - 125 B8 K M ISR R EM SRR ZE 2%
(E% > 2017) - EEEFEE A - BERE SR E RN EREE Z S8 X AHE E (Muir ez al., 1987) ©
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Table 1. Chemical composition of experimental diet on dry matter basis

Items Concentrate' Alfalfa cube’ Pangola grass hay’ Commercial TMR?
Dry matter, % 87.36 90.01 83.69 46.68
Crude protein, % 26.46 17.47 5.05 17.14
Ether extract, % 2.80 1.15 1.52 431
Neutral detergent fiber, % 9.54 43.94 73.63 36.16
Acid detergent fiber, % 4.40 31.83 38.06 19.65
Ash, % 8.41 13.82 5.59 7.68

' Concentrate was bought from Clustern Enterprise CO., LTD.

> Alfalfa cube was bought from Hsiang Tsan CO., LTD.

* Pangola grass hay from Southern Region Branch, MOA-TLRI, Pingtung.

* Commerecial total mixed ration was bought from Uni-President Enterprises.

(i) ERENYEE M s SR AT B & o7 P & 2 EEKRBE A 30 BE - (RIZ(EAS I ~ FIKREHEE - YIBEE X
VHERGIUET T HET T 4 - A13R 2 FioR - &4 1S B - RESEEE N (E RN - & H EREE 2 X sBalifie
R R FUKBER LR - W45 T 5 -

2. HRLHEL TMR 82 SVEKREF R - FIFEREEER - YHGHGE KA (CP(E & RS )
Table 2. The Formosan sambar deer average of age, last antler velvet weight, initial body weight and initial body condition
score (BCS) of control and TMR group (Mean * SE)

Items Control (n = 15) TMR (n = 15)
Age, years 9.19+0.57 8.60+0.62
Last velvet antler weight, kg 1.78£0.16 1.77£0.14
Initial body weight, kg 133.88+1.82 137.43 £3.81
Initial BCS 3.24%0.07 3.2210.08

Control = concentrate and forage are fed separately; TMR = Total Mixed Ration.

(i) AEBRIFEEFE R GEREERAEH (BB G) ERFEHEH (S8R - A1 HEs5 A
—MEEFIA R 60 — 90 H » SH58Y 75 H » (@SR A R EIEIFEARE - s5R5a K& H B HHIRRE -

(v) SAEBEWZEH - B RERANS  BiREEERBAITEE ST EREYGEE LA/ NMIEERES (FE
EHRGE - =H 109-5 KEE 110-4) Rt AErT -

L. JEHE KI5

() SEpelEtiss @ el ERBEENIC#E - BET R TEERBEERE | AT elEsE s - RmE
HEFE (DK 600DT, Yihder, Taiwan) DA 55°C itz 2 (A B » &€ B2 & 200y A% RT 34 30 22 0] 38 48 2 mm ff
M RGTEREEINE RSN » LRI 20 C 2 KRS - ftHZ A -

(i) FAEREARR ST 3T ¢ BKE(K AOAC (1990) F3#f 73 A Ml E HazY)E (dry matter, DM) DU EELFE HIE ~ FH K
oy LAEDRIKABIE (A 550, Vulean, USA) HIZE ~ fHE HE DIELIR EASEE (K 350, BUCHI, Switzerland) ~
WS 5 - DABS B DM 58 (Tecator Soxtec HT 1043, Denmark) FI5E » i fi ANKOM A2000 738 4
T (A2000, ANKOM, USA) JH|EH 5484 (neutral detergent fiber, NDF) EEJE S48 4k (acid detergent fiber,
ADF) & & -
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(i) FZ%7'8 % & & (dry matter intake, DMI) ~ #5 & (body weight, BW) i #& 7% 5F 4> (body condition score, BCS) JHi
GE ¢ aEEBiGRT 2 /) 2 EEpklEER -t 2 HE HUAE TR - SRR e s - DUEE
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(v) EEMRENE @ Pelbasifiy - SREEETNSREEEERER - 2 HRREN -20C 2 MK ET > ftHRY
M -
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+ RS 50, Taiwan) LA 3,000 rpm 7 #5805 10 4388 > FHEL A% - S HRIRIER -20°C oKl - fH& T
o ¥ T8 B 8 & & & fE (glucose, GLU) ~ [f1 75 FR Z %\ (serum urea nitrogen, SUN) ~ HJ| [ i£ (creatinine,
CREA) ~ K P & iz ik i3 % [ (aspartate aminotransferase, AST) ~ 4 % I ## §# [i# (alanine aminotransferase,
ALT) ~ g EwERENS (alkaline phosphatase, ALP) ~ 4475 (48 (total protein, TP) ~ =& H M5 (triglyceride, TG) ~
ZHpE[E I (total cholesterol, CHOL) ~ H#& H (albumin, ALB) ~ Ek& H (globulin, GLO) ~ 44§75 (total calcium, Ca)
etk (phosphorus, P) -

o) AT s AT ¢ ARIAH P E R S S DO E H B (E S REE A - DME AR 2 HHH 2 PR e 8o
DA GRS Ryl kR o AS » R REEL U a ek 25 B KR A T R U 2w » BT 4 R AT S e R G a7 U2 &K
TR G A

GeEtortn
BRI E R LAARET D I B2 (statistical analysis system, 2010) » DU [FI8RET 7 A(E Ry 5L N T T4EET

I3 o R A — AR P ZURE R (general linear model procedure, GLM) #E{ T8 75 934 » F DU/ NP ITH{E (least

square means, LSM) Fh#% 2% R 3 i 722 SR A 1 -
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iR G R U RET R P
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4T SUAFILE R - TMR G775 ol SRR A B VB R e R B AT ORI - THE S K
¢ EISHER - Vibart ef al. (2008) FRfit RS2 200 & B ARMBETLALA T RURELIL BEORIECR - FIITA
V2785 L L (LR E LR © Prichard e al, (1999) JSEEEEEAY 4 SRR ARy B R O + M IER2 R AP I
A1 - Williams and Coleman (1997) 5L/ (1 RS EAYREEE S SV (977 0.71 51 0.86 2] » i ROBBIREEE 2
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et al. (1957) 2SR RETT: - BGAEHEEE S 17% U2 HBRERIREEE 2 4£ RAFEHED: - Liang ef al. (1993)
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Table 3. Effect of different dietary treatments on daily dry matter intake and velvet antler production performances of
Formosan sambar deer (Mean * SE)

Items Control TMR
Daily dry matter intake, kg/d 291%0.17 291%0.12
Daily crude protein intake, g/d 520.67 £27.16 527.67 £24.00
Daily crude fat intake, g/d 57.08 £3.30° 127.51 £5.48"
Daily ash intake, g/d 275.11 £15.65" 212.20 £9.59°
Velvet antler weight, kg 1.77+0.15 1.981£0.22
Final body weight, kg 145.15+2.46 154.08 £3.52
Final body condition score 3.43%0.13 3.65%0.10
Days of production 77.3112.53 71.71£2.21
Growth rate of velvet antler weight', % 1.79t4.16 14.94 £ 8.84
Growth rate of body weight’, % 10.07 £ 1.91 12.99+3.29
Daily Body weight gain, g 111.87 £20.89 143.48 £32.98

Control = concentrate and forage are fed separately; TMR = Total Mixed Ration.

' Growth rate of velvet antler weight, % = (current velvet antler weight — last velvet antler weight) / last velvet antler weight
100%.

* Growth rate of body weight, % = (final body weight - initial body weight) / initial body weight x 100%.

“® Means with different superscripts between different groups are significantly different (P < 0.05).

® 4. AR 2B KRR LRy 2 ((PHE RS )

Table 4 Effect of different dietary treatments on chemical composition of velvet antler for Formosan sambar deer (Mean *

SE)

Items Control TMR
Dry matter,% 40.96+ 1.55 40.52+1.17
Crude protein, % 4776 £2.40 46.8111.22
Ash, % 43.36+0.17° 38.92 % 1.49°
Ether extract, % 3.54%1.00 475%1.32
Total calcium, % 15.57+0.69 1536 10.42
Phosphorus, % 7.37%£0.29 7.2210.16

Control = concentrate and forage are fed separately; TMR = Total Mixed Ration.
" Means with different superscripts between different groups are significantly different (P < 0.05).

I MR A LE 2

A IE a7 A B KRR LB 2 2 3R 5 Fon « HRPOLUES - FIHZ2ES it =g
ZKREZ R PRAH > Hiig b =B ol R AERE [E S & & B B S R EHIRAE (P < 0.05) > 280 » BHiREH Z IRIRZ A
RIEE R aEa HigdH (P < 0.05) - HepkaHivE B AIfEEIE 252 © Bargo er al. (2002) 1EALA4-BRE R IIERAE
E~ nER TMR K4 TMR G655 3 flA[E HIE 2 sl et > mesongis el iR f R ZEEE =N E
fIRN4H (17.2 K 13.8 mg/dL » P < 0.05) » H ASFEMHIEE(ERE » BACnEERaE 2 MR R 2 R g b &
MRRAH A » HICERCEhnER TMR 4H > 4 TMR dHRIHEEREE - #EHPTRE 2R B2 TMR e 5=t > HadkE |
CP & BN EFTEEL - Liu et al. (2016) ZWFE/MEHEREIA4-4 TMR ~ SCEUERHE BB K LA g R R BRE
% 3 A A H g sl Bndd R - A TMR 6866 > a4 B g PR 2 S RN et Rz et 29kl (2.33 k& 2.77
mmol/L - P < 0.05) > {H TMR 4H 815682 eHM& sS4 2 MR PR 2 & (2.33 F% 2.46 mmol/L) ANEREE 725 « [fh4h
REGHSER SR B EMAR > Re IR ER - SHEEEE & ER A GRIE - BEREELRER

EHEEREZR} -
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Table 5. Effect of different dietary treatments on blood biochemistry values for Formosan sambar deer (Mean * SE)

Items Control TMR Reference'
Aspartate aminotransferase (U/L) 73.18£4.94 75.93+£5.57 39.00 + 28.00
Alanine aminotransferase (U/L) 74.53 £ 4.67 69.00 £ 4.26 67.00 £29.00
Alkaline phosphatase (U/L) 452,94 +50.98 506.47 + 64.77 224.00 +245.00
Total protein (g/dL) 7.90 £0.36 7.85%10.27 6.601£0.80
Albumin (g/dL) 4234022 427+0.23 3.60 £0.70
Globulin (g/dL) 3.67%£0.17 3.59%0.21 3.00£0.80
Serum urea nitrogen (mg/dL) 29.48+1.10° 24.89+1.22° 25.00 = 8.00
Creatinine (mg/dL) 1.78 £0.06 1.70£0.08 1.90£0.70
Glucose (mg/dL) 125.65+13.27 98.27%7.74 163.00 £ 51.00
Triglyceride (mg/dL) 25.94+1.82° 33.53+2.19° 22.00 £ 15.00
Total cholesterol (mg/dL) 76.76 £ 6.38" 116.47£9.93" 59.00 £22.00
Total calcium (mg/dL) 9.7510.47 10.05+0.36 9.50%1.00
Phosphorus (mg/dL) 8.4110.38 8.9310.30 7.60%2.10

Control = concentrate and forage are fed separately; TMR = Total Mixed Ration.
' Reference from Woodbury (2002).
“® Means with different superscripts between different groups are significantly different (P < 0.05).
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Table 6. Effect of different dietary treatments on economic benefits for Formosan sambar deer

Items, per deer/NTD' Control TMR Economic benefits TMR-control
Velvet antler income' 28,320 31,680 3,360
Feed cost’ 3,180 3,673 493
Income over feed costs’ 25,140 28,007 2,867

Control = concentrate and forage are fed separately; TMR = Total Mixed Ration.

' Velvet antler price: 16,000 NTD/kg.

? Pangola grass hay cost: 5.78 NTD/kg, Alfalfa cube cost: 15.50 NTD/kg, Concentrate cost: 15.00 NTD/kg, TMR cost: 8.83
NTD/kg. Only the feed cost of consumption during velvet antler production is taken.

* Income over feed costs = Velvet antler weight x 16,000 — Feed cost.

" NTD: New Taiwan dollar.
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Abstract

The study aimed to analyze the effect of conventional separate ingredient feeding system and total mixed ratio (TMR)
on the velvet antler production performance of Formosan Sambar deer. The study selected thirty male Formosan Sambar
deer to randomly assigned to groups based on the weight of their previous velvet antler production performance and age,
namely the comparison of separate ingredients feeding system and the commercial TMR. The deer underwent experiment
during the velvet antler production period, with an average velvet antler production period of 75 days. The results showed
that the average dry matter intake, velvet antlers production, BW and body condition score were not significantly different
between the control and TMR groups. The ash content of velvet antlers from deer fed with the control diet was significantly
higher than that of the deer fed with TMR (43.36 £ 0.17 % vs. 38.92 £ 1.49 %) (P < 0.05). The blood biochemistry values
of triglyceride (25.94 £ 1.82 vs. 33.53 £ 2.19 mg/dL) and total cholesterol (76.76 £ 6.38 vs. 116.47 £ 9.93 mg/dL) were
significantly higher for the deer in the TMR group than those of deer in the control group (P < 0.05). In contrast, deer in
the control group had higher serum urea nitrogen (SUN) than the TMR group (29.48 * 1.10 vs. 24.89 * 1.22 mg/dL) (P <
0.05). With regards to the evaluation of economic benefits, the proceeds of the TMR group was NT$2,867 /deer higher than
that of the control group, based on the average income from velvet antler production deducing the feeding cost during the
experiment period. In sum, there was no significant difference in the velvet antler production between the total mixed ratio
and conventional feeding system. However, TMR feeding can improve the economic benefit and is worth promoting for

applications.

Key words: Formosan sambar deer, Total mixed ration, Velvet antler production performance.
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