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A2 ML AR e D

M(EE D FEE Y B TRME O 15 O

Wb H - 11254 H 19 B #2200 - 112410 4 13 H

wm =

AuH5E H AV EeHhH 2B R MR AR E LR - 2R REUER ISR E LR a1 - DS ER
TR B TE A o SABREE R (R - MERCAV = EBHEAERE 5 51 - B H DI RS R AR BLSHAFARER I 1 K > 455
BUR > HEE RS P EFUREN 11 AR TR S1E 103 £4.8 ng/mL - H 10-11 A2 REEZE SR 3-7 H
1 (P<0.05) ; B EDEEN 4 HIGESIREE 393.8142.1 pg/mL » H 2-6 HE 2 EEEES 10-12 HfE (P<
0.05) ; f2RER RN 9-11 BB R A 2 EME - HEE AN 3-7 H Z ERFE9E (P<0.05) 5 &ist 1-9 H#19-12
AR R MR > S8 AR E 0.3 202 mL ~ B 157 4.0+ 1.2 ~ BERIERE 17.5 £ 6.9x10° & T8 /mL ~ # T
R 12.9+5.1% ~ HHT{FER 763 £19.3% ~ S2 N R 203+ 1.2 cm B pH{H 7.2 £ 0.4 - {KIF&EE > HEZEMIERENLE
of 52 [ RS Bl 2 R 2 REIMEEML - HIERNEERERERER - SR T U At Z B LR 2 &
%‘ °

REfEsE - ZEMg{CEE (Formosan sika deer) ~ 4FE 4k (Reproductive performances) -~ #%;% (Semen) -

i

RERIEIYIE RS B 8@ —(E = 2R MRV ERE - B RIFTAISYA 40 {EY77EH] 200 (EEEfE DL - AR [E 2=
FEELA > (ERGEEZE 700 A Ay inGeE (Alaskan mooses) - FFGE{E 9 /A THVRESEMAVILTTEERE (Northern
Pudu) #BF o KL - WG EEARCR 2 BERNERE - St EEEE AR AR - i 2 0 e SR E RS
fEFREM @ EERE ] 2R IR - DIEERIEEE M #E - A RA R AEDEYE L (Asher er al.,
2000) - ZJEMF(ERE (Formosan sika deer; Cervus nippon taiouanus) Fy2 &Aool > B0 HBEEGMEE > BE
BB A AR - R AT EE) TR IR - E H IR R S BB RS - @M IR E T 10
AZEFFE 2 H - HEZERETAEFAE 1 2 12 H » (iEEERNIKEEIREE RS0 - 8 ENE 19311.8 X

(Liu er al., 2002) > BIRETEFRFEERE 2 &S0 - AREAIN LRI EAEE S 280 FEEBRERE (Cervidae) 2
E2# (|55 (Formosan Reeves' Muntjac ; Muntiacus reevesi micrurus ) AEEBHEE > ZE7M4E(E (40 > 2006) - HALLIE
KpHoa/KEE (Malaysia sambar deer ;5 Cervus unicolor brookei ) EIEZEEIMHETHENY) » B9E =&H /5 — F (Dahlan and
Dawend, 2013) - “N[E]EEfE 2 BIE R R FR 2 4 8 RIRBDRE 2850 » TR PR - i AL g R b im
BRARIE » EEPERT I RER RS 2 HIRRAFTEL (Jackson ef al., 1989) - 7£ HANVEF A MEAERER R & AJH
TEEHVRIEY) - fR i R E ARG (A T MERE R 74 (Hata et al., 2021) - JRFTHMIEREFEAIEE S FE (American
elk ; Crerus canadensis) » HECTETT R34 aV0FMHE - RIBARZ @S SR E - Y & HicEREHaT - EHEE
I FrERFEIRIATR (Suzuki, 1993) -

IR AEVERIECR SR ERY 2 EMEEREN B /N E SRR  Be - S EER SR - 5 BRI R E
PR REME - 255 2B EREATAIRE AL Z T E/D > BRI B IUIE R R B 4 VB ERE
MRAETENINE - BB & FOE R MR E MR 2 a8 E - B EAEREEM R M A ERE R - B
EH - ERIRE RN TIERE 2 25 FELIR S8 RAEE 2 BERE -

il

(1) B Em A s\ BT Fe e S 55 2767 5% -
(2) EEE A S R TR R ) T

(3) EEEE A B e (A P4 -

(4) #EEE® > E-mail: jryang@mail.tlri.gov.tw
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MR TR

WL DI et o R
B G & oy P SO I 2 (R B MR A =B ERE S B slBeiE T i = e A R T B )
Nz K [ FHZ &% (Institutional Animal Care and Use Committee ) 2 7E 31T (KAPS IACUC, No. 110-16) » £
{ERIEEdEE - FHRERERRE - REF NEEERSHBEERIOK - S & HHTE 500 g 5k} -
B 1 HE 12 T S5 EE 1 ARGERR 1 8 ETEMERRE AR AR M 1 2% R 12 @ H -
DA A REE A 2 A SEEIEE ( testosterone ) EiifEZE % (estradiol ) JRE S - EHPAFIF NI B A RE
FRAR 2 R T AR AT -
1L FEiRPRE
H BTN RIS TR 24 /NFETEUKETE - SRER DL 10% Z¥2E S (Balanzine; Xylazine 10%,
100 mg/mL, Z& ) Bi1£72% 50 ( Zoletil 50; Tiletamine base, 25 mg/mL and Zolazepam base, 25 mg/mL, France ) - L) 1:2
ELBDE & 2 IREEEIEESEANL AT 3 mL - [FRHSEENLADEST 1 mL f[fE5n (Atropine; 1 mg/mL, 28 ) - SEEF{RIE
% E SHEFIRER M - FELLE MRS 28 (Electroejaculator, EJI6GCCGS, CGS Products PtyLtd., Australia ) {788 5w k5H:
AR » RO R LA 15 mL 2@ OV EWERRSREER » R MR ot R e et BaE A -
L &8t o HrkE R MR
R RETT MY MG

(i) *5&E (semenvolume) @ AREFTERE SRR EREETHKECE -

(ii) #EF7ES) (sperm motility ) : EAREZAEREEIAEREE 5 088N » BHSLEESE (Nikon SE) T » DU
FEASET A (0-5) HENES (5% 2002) -

(iii) FERRE (semen concentration) @ Z/ANREEREREEALL 3% AEHIEEI/K (saline) &R HiFE 200 %1% » FFLA
MERETEMR BN EIL &R FatE L -

(v) 5 H PR (abnormal morphology) : Fl| A 4<% F - f# 41 (nigrosin-eosin, NE) H: 1% » [ Rl {1 it
#2 7 LALEF AL (Ax et al., 2000) - SREJLEERE 073 f 378 1 1. 55 — B P A& 52 ¥ (primary abnormal
morphology ) © ELFETEIRTRIR R % | 2. %~ AYEEAE (secondary abnormal morphology) © i
HIFRAERE 3. £ =AIPRESE (tertiary abnormal morphology ) * FEESEGAFAE -

(vi) BETH7E/EZR (sperm viability ) = FFIZEREH - 41 (nigrosin-eosin, NE ) JeEARAL - BIKF 5 ¢ L R
B110 p L NE ZERPEAEMBEIRE > WER 37°C 30 F R B - FERECEME TEE > &
2L BB AL B BRI 2T sHE R S (EEE NG DT RS -

(vi) ZNEE (HfE[a2EFEE > scrotal circumference ) : {Hffa%%& K (Scrotal Tape Metric, Neogen, USA ) [d]
(LSRN ME 2 AR ME &R HEE -

(vii) pH1H : LA pH meter ( Sartorius, PT10 Portable Meter, Germany ) E. 20 &FTHERK 2 pHH °

V. I AHIE
SR ART AT S REAFEL S + 1% 5'C T ~ L1500 x g b, 30 575  DISYBBIILA - 53MEf4 M3 B2 20°C
o DA 2 o 10 52 G R B 2R — IR TR I R e o WA AIE 2 (21T © Lot 640 - JEZR — %
Lot 606 > Immulite 2000 XPi > Siemens > USA) -
V. fAENIE
BB LAET T 24 (Statistical Analysis System, SAS, 2005 ) ELEHESHEIT4EET T - (8 — &R
HFEFE (General Linear Model Procedure, GLM ) #7785 9547 » B LA/ NFEFME (Least Squares Means; LSM)
T e O =R -

R

I SEEEE - iR —ER Bl dm R L
SRBRAE AU - HEEEfORE Z SEEN IR DL S HIFZ 0.4 0.1 ng/mL RyFEERERAKME - 21220 EFF2 11
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R TR LR Y

HEFFREFEE Rm{E 2 103148 ng/mL > H 10-11 AE9REFHZ S 3-7H (P<0.05) (fE1) o MR A
R RE A F 11 HZ 147.6 £35.4 pg/mL > fye{EAVUH 2 393.8 £42.1 pg/mL > H 2-6 HEEEE#E S
10-12 H (P<0.05) (fE2) - (g SEEEDRER 10-11 A5 EREREE 2 SE 5 H 11 AR HEZR i
HI| E RS 7 (R > MR IR E R s E AU A () Z A - [REERER 9-11 BEZFEEEIHER A
JARAE > 775/ 20.7 £ 0.4~ 209 £0.3 81204 + 0.4 > PLEFEA IE42 SE SRR E A R s © 3-7 H A2
EyNEEE ol 167104152106~ 146103~ 142+10281155+202cm (P<0.05) ([ 3)

SEEEE Ry M R B A AR TR E 2 — SRS REUR 3-7 A Z RS 1.3 ng/mL > % 8-9 H AT
HREE Z ME =2 EFDRER BF- - 7 10-11 BT Re{E - FHREEE 10 ng/mL > [H&FTARESE > 22 Gl
AT (B 1) - IR 2 ERE (Wapiti, American elk )+ FEEE 2 1/ o 52 [ HRRE KIS R BT - 4-5
P % SEE R S A m{E (27 ng/mL) (Haigh et al., 1984) - JAEFFER > @hEE (Fallow deer; Dama dama)
Foifn oA v 52 G R B G BT o P EEDRE T 10-11 A€ (< 1.0 ng/mL) » KAHY 4 A A7
HAE (> 12.0 ng/mL) - BUFEEAGEH% - SEEEDRE g T > 7 11 Bg2EEREE (< 1.0ng/mL) -
LA H Fyfefk (< 0.3 ng/mL) (Asher et al., 1987) - —fCRARERIENY) - NEAMEENERISHE T2
FERAEAS » AZ R LI HA IO o 52 (S 2 RS (R - SEEEDRES S MR 2 TIRE o SR RE AR R
EHATEIMEEL - TREXZEDLIREE  DIBEHIERRIIAE TR - R E RN - 8 AT SENHSR L IFR -
TR R R Feli 1 RR 2 THRE T B2 B2 IR SR AT 2 - 8 MR 52 [ RIS B (R - SUANEFESHER - BI=2E
B = i - R R B MR 2 T -

16.0 -
14.0 -

12.0 -

10.0 -+

8.0 A

6.0 1

Testosterone (ng/mL)

4.0 -

2.0 A

00 T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month
1. “R[E A (4t 2 S ERE IR SE & H 21k -

Fig. 1. Changes of testosterone concentration of Formosan sika stag in different months.

500 -
450
400
350 -
300

250 { 1.
200 -
150 1
100 1
50 -

Estradiol-E2 (pg/mL)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
[ 2. R TE A (4 B e e e — A -

Fig. 2. Changes of estradiol concentration ofFormosan sika stag in different months.
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B 3. 160 F (4L B g RERR B 2 -

Fig. 3. Changes of scrotal circumference of Formosan sika stag in different months.

IRHEIREFS -

JEF SR R T BB RS ROER £ - PTG fERERE 3-8 AR - B RIS > HIR 12 H
B19-12 AR g R (EEE R ERGHR - R | &REUR > st 12 HE 9-12 A 5 LR ITERERS
RZ S AR RE RbEiE 0.3 £ 02 mL ~ FET7E7 4.0 £ 1.2~ B TR 17.5 £ 6.9 x 108 K5 T8 /mL ~ 55
FER12915.1% ~ BTFEER 763 1£193% ~ FAFEE203+ 1.2 cm B pH{H 7.2 £ 04 ; f£5 —FE{EEE (1D 04Q-
0003) ZESJfE%H (2.5 £ 1.2) BI{FER (49.5 1 24.6% ) ERNEMERE - Sai I REE AR A5 R E BAiR
ZFSM - MHEZERI T (2003) $HEEE/KBERERGE 2P T GEE © AUTFEATIRE 5 BIAREZ SR
Moikef o Hodt 4 B2 % B IR F AR RIS T8 D SR GE A HEE (2006) Z R REUR LB R
ARG 2B UGERRE FE T BRI BN AR E e AE - NI - AR AR
FERRIRL R HITT 20 - AT RRs o] E R R 5 - RER D RE SERURS IR S 7 ZUS R I IS RRH1% (50 FH B BER AR

(Asher et al., 1993) - (&8 (IR ETT LS REC (53 i - (EARE0E A B 2R BCCRAE R T 3 - BBRER
TREHRFE E B2 e > HELRERIZERRE L@ DBz S| SReVENY) - 70T DURAERE & H A -

LA EENGICRER 1-2 HE#L9-12 HZRERMEIR (Mean £ SEM)

Table 1. The semen traits of individual Formosan sika stag (Mean = SEM)

Items

ID of individuals

525 529 Q-09 04Q-0001 04Q-0003  Mean £ SEM
Month of semen Collection Sep.- Feb. Sep.- Nov.  Sep. - Nov. Sep.- Feb. Sep. - Dec.
Number of semen Collection 6 3 3 6 4
Semen volume (mL) 0.4%0.1 0.310.1 0.310.0 05102 0.310.1 03102
Sperm motility (0-5) 3.8+ 1.1 47105 43+1.1 4510.8 25112 40+1.2
Semen concentration (x10*/mL) 18.9+ 6.8 1731102 15653 18.7+8.1 154+6.2 17.5+6.9
Abnormal morphology (%) 10.0+£3.7 10211.2 155195 143154 153126 129%5.1
Sperm viability (%) 80.0+13.6 84.5%t3.9 74.8+21.1 87.0%8.1 4951246 7631193
Scrotal circumference (cm) 21.0+0.8 21.0+0.4 212103 19.3%11.1 19.4+1.0 203+1.2

pH 72103 74103 7.0%£0.2 73105 7.0£0.2 72104




7 BB TCRE AT MR

ey St R AR R R A B R A R R = S R AR B A= (Lincoln, 1985) - iEHNEREIFR K
N THEER S W 7 I EBERY T B RAIPRME] » BI04 RERTE, R IR B M REAE SE L R/ N RE - EFRATAIAATAR
BRI EIMEE (L (Asher er al., 1987, 1996) - IEIR K ENREIMEELAVIEREE > TEERHEER
MR 2ERE T MR AR ZE - BRERFERERRNES - B OFEKERER IR
BN BTEZR A A TSR - 28T S B AR R AL e I - BRI E B TR 2588 - IOl - RETEEER
— RGN TIERHR B R b2 AR - SR EE RN E ZH RSN = B - HERCRBE
15T iSRRI N A PRIV E (Morrow et al., 1992) « Kt » K&V TIE RSEEE L
% AT (Asher et al., 1993) ° Lincoln and Short (1980) #5HZRENETEMEANEL: » R EICAREERZ ]
T > EM P B H R GIEEEER - RPEBERERGSHCAIT FBAE H MR D B R ER R B R it -
Grapniss R o BUnt 2B CREMDE S GRS B B E & 2 RS EA —2E > EEEEDRE T
ERREEARL > 8 At L&A - HolfERAERRE AN EEEEREIIER -

Z2EXR

F i - 2003 « HEE/KREAETEDIRE Z — NS LEIR 2 2 RIRG - RUBKEEESE 2 » LS -

St ~ ot ~ Bl - FIRAA ~ SN ~ SRS - 2002 - EEHEIEMGfORE R EEKRE Z AR T IR AT ¢ DA
HRGEBIRIESETERMEIRGHE - ZEEESE 28 1 204-210 -

HF97 - 2006 - BEFEZ FRIEEMEBLE G HI T - FRERPHURE B RS £ o MRS -
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Effects of the seasonal changes in reproductive performances

of Formosan sika stag "
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Abstract

The purpose of this study was to evaluate the seasonal changes of reproductive performances including reproductive
endocrine, scrotal circumference, semen traits, and to improve the reproductive efficiency of elite breeds of Formosan
sika stag. Five healthy and sexually matured males of Formosan sika stag selected for the experiment. The semen samples
collected by electric stimulation and jugular vein blood sampling once a month. The results showed that the highest
testosterone concentration was 10.3 + 4.8 ng/mL at Nov., and the value from Oct. to Nov. significantly higher than Mar. to Jul.
(P < 0.05). The highest estradiol concentration was 393.8 £ 42.1 pg/mL at Apr., and the value from Feb. to Jun. significantly
higher than Oct. to Dec. (P < 0.05). The scrotal circumference reached the largest average value from Sep. to Nov. in the
whole year, and significantly greater than Mar. to Jul. (P < 0.05). The average data of semen properties from Sep. to Feb.
were that the semen volume 0.3 + 0.2 mL, sperm motility 4.0 * 1.2, semen concentration 17.5 * 6.9x108 sperm/mL, abnormal
morphology 12.9 £ 5.1%, sperm viability 76.3 £ 19.3%, scrotal circumference 20.3 £ 1.2 cm and pH 7.2 £ 0.4. In conclusion,
the reproductive endocrine concentration and scrotal circumference were consistent with seasonal changes, and the semen
could be collected during the breeding season only in Formosan sika stag. According to the results, these can be used as a
reference for Formosan sika stag breeding.

Key Words : Formosan sika stag, Reproductive performances, Semen.
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Fig.1. The mean temperature, relative humidity (RH), and THI value curve from January to December 2020 and 2021.
The individual average temperatures and THI values for the hot season (June, July, and August) are significantly

higher than those for the cool season (January and February).
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2B o0 0 DL ProCyte Dx IR E2 737 (IDEXX) #E1T/KA4 2 MAAREET % (complete blood
count, CBC) #uk » fl&4LIMEK (red blood cell, RBC) ~ [MZEL (packed cell volume, PCV ) ~ [ 2

(Hemoglobin, Hb) ~ “FH4TMELKZFE (mean corpusclular volume, MCV ) ~ 41 MERIMATL Z & (mean
corpuscular haemoglobin, MCH ) ~ 541 [ ERIM 4L Z 2 E (mean corpuscular hemoglobin concentration,
MCHC) - [fli/ME (platelet, PLT) ~ [HiER4EHE; (white blood cell, WBC ) ~ IE{4£Ef (neutrophils) -
EEER (lymphocytes ) ~ BEfZEK (monocytes) ~ BEREM:EK (eosinophils) K IEERIEER (basophils) %5 13
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B PR S EEE AR REITEAR tRERIIA - REKATSE - SRR > S M B R S R
ZMEFETE S D p < 0.05 HUREE NS R -

R R AR

L N~ BFIRIRS(LHZE KRG EGRE - BB R R AR g 2

ARetpanat 2020 2 2021 G5 (122 H) kEE (6 £ 8 H) /KA4BIREEDREY ~ BE K THIE (F1)
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Table 1. The respiration rate and rectal temperature of Taiwan swamp buffaloes during the cool and hot seasons, and average

environmental temperature, humidity, and THI.

Seasons Ambient Ambient THI Respiration Rectal
temperature (‘C ) Humidity(% ) value rate temperature ('C )

Cool 18.31£3.50° 79.96 £9.21° 64.17 £ 5.46° 20.30 £ 4.74° 38.34£0.55"

Hot 28.77 +2.88" 78.78 £ 8.54° 80.66 £ 3.56" 31.56 £11.41° 38.48 £ 0.53°

“® Means within the same column with different superscripts differ significantly (P < 0.05).
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Table 2. The mean rectal temperature and respiration rate of male and female Taiwan swamp buffaloes in the cool and hot

seasons.
seasons Male (n=5) Female (n=5)
Respiration Rectal Respiration Rectal
rate/min temperature ('C ) rate/min temperature ('C )
Cool 20.86 +4.22° 38.31£0.54 19.73 £5.17° 38.38 £0.57
Hot 30.21 £10.95° 38.441£0.44 34.25%11.89° 38.54£0.68

“® Means within the same column with different superscripts differ significantly (P < 0.05).

IL 5~ SRR E L EE KA MR E R

KA ~ BEMRE S EERER - B MEER ~ SEIELLMBRMATZ 2 M PIALIMER M AL 208 E 2 2GRS #
EENEZE (P <0.05) - ALIMBRAEEYL - HREEK - BERE MKk K IE i PR EUE R DUR R S EE (P < 0.05) (58
3) o NEEIKAN A MBRAEEL B PR R R E S KA (P < 0.05) - BEZEREE M PR EE AR
MEAFEAZEKF AR EIRBEE SN EEKS (P <0.05) » HEpBERRBEEEZR (F4) -

g PR BR B S BRI A4S R (£ 3) BART AMHFEAH{L » Pereira er al. (2020) it o /K4 (Mediterranean
buffaloes ) B [EDRE T EIZH KRS - RGP UEIREEEREDRE FF A Er-EEs - MEIKRAIER -
Omram et al. (2011) SEFH/KL-AYE R MEEREHELE 42°C TER 25C » MEERHIAH L - Debbarma er al. (2020) #H5¢
E[IEEHE B en g B AL R P R s i 7 O 2 ERDK AR R 428 ~ B2 - B2 (THI 3515y 59.27 ~ 70.97 K 84)
Z MREREL » 3R E RAVALMIPRAAEEA M B L ZE RN AR EE > ARl bnss AL MR EELRT AW FEAE L -
Dayal e al. (2017) f5HALIMERGEEAMATZAT T - FlRefs RN ERRREERa R » RIMEELLmkE
B D o FEZAECERART » IR 7K TSR REIfE SO BB BRI E N » /KA MR A AZE I > EfKas &
SN REMEBUMASLL TR > fER /KBTI REA B HEL (Chaiyabutr et al., 1997) » Aagk RN TREL
MLEFRFEMAEEEER (F3) - HONREBEE R &N A REI/KE SRR - (KR EEF
WS KKK o T e 2T A I {E - Park er al. (2021) ER#ER(REA-ELASMA-AEAE] THI B T IR
Bab - PR EEMA RS THIE (79.13) B > DEEEMEBREAE 4 PRk B E T S /MK THI {E (64.92) - {2
RPN EEAEEEER  BURNEALERZER - WHRTS R MK g e ik S R IEE UL - CHAERE 4
R HARE o BVEOE SIS B M ERAINE g PR U [ S - (B R EVE AR RE N A 5 2 BRI » Morar et
al. (2018) WHTRAITE BT B2 2VE0A 3 Atk > HMUREAR Z ALMERGEE - AL - WEReMEEA T hEEEs -
R 2 AN - B RIABEIEEES - TMFHUKFMIALMBR GBS BE BRI BRI T - aTHEM
AEHY MR BB AEVEA NG HEL - (R E R AN E R LR R T -

% 3. 2B - BRI E LR

Table 3. Analysis of the hematological parameters of Taiwan swamp buffaloes in the cool and hot season.

Parameters' Unit Cool (n=10) Hot (n=10)
RBC 106/ 1L 6.1410.61° 5.78 £ 0.53"
PCV % 34.67+3.24 33.43+3.54
Hb g/dL 11.57£0.80 11.97+1.34
MCV fL 57911292 57.45+3.30
MCH pg 19.36 £ 1.29° 20.62 £ 1.27°
MCHC g/dL 33.64 1 0.90° 35361 1.16°
PLT 103/ L 195.80 £ 43.74 211.84 £57.44
WBC 103/ L 10.99 + 1.67 11.02%1.73
Neutrophils % 45.68 £ 8.66" 59.43 £ 6.94°
Lymphocytes % 35.09 £ 5.58° 25.09 £ 5.25°
Monocytes % 2.731£0.82 2.56£0.99
Eosinophils % 12.04 £ 4.86" 9.83+3.72°
Basophils % 3.73+5.56" 0.37 £0.22°

“® Means within the same row with different superscripts differ significantly (P < 0.05)
'RBC, PCV, Hb, MCV, MCH, MCHC, PLT, and WBC mean red blood cell, packed cell volume, hemoglobin, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelet, and white blood cell.
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Table 4. Analysis of the hematological parameters of different genders of Taiwan swamp buffaloes in the cool and hot season.

season Cool Hot

Parameters' Unit Male (n=15) Female (n=15) Male (n=5) Female (n =5)
RBC 106/ 1 L 6.181£0.52 6.11£0.71 5.81+0.29 5.75+£0.74
PCV % 34.71+£3.35 34.63 £3.31 33.62%2.74 33.21+4.43
Hb g/dL 11.53£0.67 11.60 £ 0.96 11.98 £0.95 11.96 £1.70
MCV fL 57.59+3.12 58.20 £2.87 57.86 £3.19 57.00 £3.54
MCH pg 19.31£1.32 19.41+1.32 20.62+1.22 20.61+1.40
MCHC g/dL 33.78 £ 1.06 33.51£0.75 35.66 £ 1.26 35.05+1.03
PLT 103/ L 204.00 £43.10 187.60 £ 45.07 202.90 £ 63.62 221.78 £51.56
WBC 103/ L 11.69 + 1.66" 1021 £1.39° 11.33+1.55 10.68 £1.93
Neutrophils % 5.81£0.99° 426+ 1.17° 6.8611.31 6.0911.92
Lymphocytes % 3.87£0.50 3.92%1.05 3.07+0.58" 2.3810.67°
Monocytes % 0.2510.04° 0.34 £0.06" 0.27£0.07 0.28 £0.09
Eosinophils % 1.1910.61 1.38+£0.49 1.11+£0.57 1.03+£0.39
Basophils % 0.03+0.01° 0.75 1 0.66" 0.03£0.01 0.31£0.58

“* Means within the same line with different superscripts differ significantly (P < 0.05).
'RBC, PCV, Hb, MCV, MCH, MCHC, PLT, and WBC mean red blood cell, packed cell volume, hemoglobin, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelet, and white blood cell.
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Table 5. Analysis of the blood biochemical parameters of Taiwan swamp buffaloes in the cool and hot season.

Parameters' Unit Cool (n=10) Hot (n = 10)
BUN mg/dL 12.41£7.01° 17.62 £2.27*
Cre mg/dL 1.72+0.22° 1.94+0.18"
UA mg/dL 0.50£0.19° 0.61%0.15°
TP g/dL 6.29 £ 0.65 6.59£0.87
Alb g/dL 3.2410.30 3.1410.30
Alp IU/L 99.47£26.13° 81.00+27.36"
TC mg/dL 63.63 + 8.49 61.05+10.09
TG mg/dL 41.79 £ 13.64° 33.65%17.38°
Cortisol ng/dL 36.00 £0.00 64.00 £43.27

" Means within the same row with different superscripts differ significantly (P < 0.05)
'"BUN, Cre, UA, TP, Alb, Alp, TC and TG mean blood urea nitrogen, creatinine, uric acid, total protein, albumin, alkaline
phosphatase, total cholesterol, and triglyceride.

% 6. AEMERIEE /KA IR 2 MR A EER R EEEEL

Table 6. Analysis of the blood biochemical parameters of different genders of Taiwan swamp buffaloes in the cool and hot

season.
Season Cool Hot

Parameters' Unit Male Female Male Female
BUN mg/dL 7.40 +4.02° 1797 £5.14 17.15+1.58 18.20+2.93
Cre mg/dL 1.85£0.12° 1.57+0.22° 1.99+£0.17 1.88£0.18
UA mg/dL 0.590.15° 0.40%0.18° 0.65+0.14 0.5610.16
TP g/dL 6.32£0.58 6.25%0.75 6.25%0.88 6.9310.75
Alb g/dL 3.28£0.29 3.20%0.32 3.211£0.28 3.08£0.32
Alp IU/L 103.80 £ 28.54 94.67 £ 23.89 81.80+26.05 80.11 £30.31
TC mg/dL 59.33 £8.35° 67.50 £ 6.85° 61.00 + 11.56 61.11 £8.87
TG mg/dL 39.50+16.83 44.33+9.27 36.20 £ 16.51 31.10 £ 18.72
Cortisol ng/ml 0.03£0.00 0.04£0.01 0.07+£0.05 0.08 £0.08

" Means within the same line with different superscripts differ significantly (P < 0.05)
'"BUN, Cre, UA, TP, Alb, Alp, TC and TG mean blood urea nitrogen, creatinine, uric acid, total protein, albumin, alkaline

phosphatase, total cholesterol, and triglyceride.
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Abstract

This study was to investigate the changes in physiological, hematological, and blood biochemical parameters of Taiwan
swamp buffaloes during the different seasons (cool and hot seasons). The experimental results showed significant differences (P
< 0.05) in ambient temperature, relative humidity, and THI (Temperature-Humidity Index) between the cool and hot seasons.
Taiwan swamp buffaloes had significantly higher respiration rates and rectal temperatures (30.58 = 10.42 breaths/min and
38.50 £ 0.56°C ) in the hot seasons, in contrast to the cool season (20.24 * 4.63 breaths/min and 38.36 + 0.55°C ) (P < 0.05).
From the hematological assay, the values of RBC, lymphocytes, eosinophils, and basophils were significantly higher in the
cool season than in the hot season (P < 0.05). On the contrary, the values of neutrophils, MCH, and MCHC were significantly
higher in the hot season compared to the cool season (P < 0.05). In terms of blood biochemical analysis, the values of BUN,
CRE, and UA were significantly higher in the hot season compared to the cool season (P < 0.05), while the ALP and TG were
significantly higher in the cool season compared to the hot season (P < 0.05). This survey shows that the higher environmental
temperature-humidity index (THI) during the hot season significantly affects the physiological values of Taiwan swamp

buffaloes. Farm managers can plan responsive measwes according to climate change.
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& & AT M KAZ AR 3 miR-27a ATk 2 it

B EREY EEEY WEEC fEim Y BIEEEC RO

Weff I 2 2023 £ 8 H 29 H - #E2HIH 1 2023 4210 H 24 [

T2

miR-27a & HIEEC A 5E EEFUIME SRR 2 — AT 2 HAYE R A MS-PCR - (mutagenically separated
polymerase chain reaction) % i £4 # miR-27a B (R BY 1l 7507 - DUFI A R R 48 BF RS DR B 485 ) > 0 28 17 28 {E A
SCZEETERMEEAE - (X2 SCELFTH - F]FH PCR-RFLP (polymerase chain reaction-restriction fragment length
polymorphism ) 75 = He i [5] miR-27a ELRAY - i35t 3 A ERFES [ HIEL PCR K EYIAH Al L7 5 R IRF
[l > DAHH T el B PRI YR SH BB RR A o DUt R 7 /A0 9 ZXTE5415; 942 BHFE ALY - 4558
7~ AA ~ AB k2 BB BRI 53 R 57 1 By 88.22 ~ 11.78 2 0.00% = 73 109 5H H 2 (F 8 ARBY RIS EE R A » AA ~ AB )¢
BB B 77 Eb o3l s 88.99 ~ 11.01 J 0.00% » 55 FHEL R BB (FEUEAR 2 AERAME WIS i8R - AA 7 BE R T BALY
e B RIFELL AB RIS YRR - R - BT TEEIE MR Z MS-PCR J77A553#718%E miR-27a BELNAS »
BRI IEARTEFEREATRH] > DUBAHF R0 miR-27a 4 AFEFEE (FIEAREE SR BIATaY - PEFHIESE 2 FE (P IERE -

RRSEE - RN - AR 5K -

i

TR B TEMERE U BB FE B R ] S ReIR S S E M RE - IR D TEAE e RSy - et - B B
YRR AR B RS 2 2 - (/95 2021 EEEFE &R - {ERE FHESIRIFE 9,599 FarVEHE TR - SHEFE
BUEFH7r A1 10.92 81 9.73 50 (WMEVEANFREES » 2022) - BECEEEFE KB EHa AT 19.4 B s » 7=
EEE K (https://danbred.com/high-litter-size-with-high-piglet-survival/ ) - ZEAITZFEFE EFE AR » A feiE EH 54
B8 wBe > BHERAEYLZETHET > HEESEEKEE BEEAT > FERNVEERT > JTREAER
TFHIMERE RN - HEA RISV FRHEE E 5 - BRI MREA PR -

FR#E Pig QTLdb Efe}EE (https://www.animalgenome.org/cgi-bin/QTLdb/SS/index, data search on Aug. 28, 2023 ) &4
o BLVEE MR (reproductive trait) FHEHAVELE MIREAE (quantitative trait locus, QTL ) 6% 3,976 {iE » X EEfF14:
AR (litter trait) KB IEMARE AT 2 — > A 1,609 {#l QTL  {E5LRTVIHSCETUR » BF5E & H & (osteopontin,
OPN) H AR HEEFHELETFEARE » Hp SRR B E TR > 55 4 MBS FEUERE (% > 1999) -
DIFEEE 1~ 6 J 8 SR ais FRYZL (B ERUE EAEC oI ~ SIWE ~ 8w R E 4 ([ fEaSE R FE A
R B R E AR E R (% - S — L B 2 52 H B A (1 MR AR AERAAY (2 B8 (3AEC » 41 SW373 ~ SW1301
K SW1514 (2255 > 2006 ) s KS140 ~ KS141 ~ KS148 ~ KS168 ~ S188 ~ KS192 ~ SW61 % SW1843 ( BE4: » 2013)
MP35 H1 SW1881 Bl B By it R} 58 722 (7 MEAR B ZE AH B > SW1129 814 5% B R}FE (7 MR A T 35 AH B 5 5L TE A8 -
MP35 ~ SW2406 J; SW1881 HIEAT)& 5a R}FEE (FHEARE M 1HRN ELELIEAUE (B55 > 2014) « SIAEISNTF 5T
25 > NR4A1 (nuclear receptor subfamily 4, group A, member 1) Eii GNB2L1 ( guanine nucleotide binding protein beta
polypeptide 2 like-1) F[KIZ REMEELRIFE FE(F IR A BEAERAME » Hf NR4AL g.3952A > G HELHG 54 TNB (total
number born) ~ NBA (number of piglets born alive) ~ NWA (number of piglets weaned alive) ~ LWW (litter weight
at weaning ) fHEf - GNB2L1 g.2373T > C HI¥f K H%% (Large White ) RSERYHAETE(FE (litter weight at birth ) FHEH

(Kumchoo and Mekchay, 2015) - {E#5EELR RBP4 (retinol-binding protein 4 ) AA RIBLRIFEEFE 4 FE TNB ~ NBA Fz

il

(1) e e s BB P ST i 2 56 2769 5% -

(2) RESEEl E AE SR AR (AR B4R -

(3) BB EEEEENY -

4) RS wm BRI T R = -

(5) #ER{EE » E-mail: mpcheng@mail.tlri.gov.tw
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NW (number of piglets weaned ) B4t 88EM: » A BEFIEFMEE 2 AL (Marantidis ef al., 2016 ) ; Wang
et al. (2018) IR EFERSH 2 FUT2 ( a-1,2 fucosyltransferases ) JPAIAY B e { FRORTRE PLBCA B FHRAME - WEE0R
TT Z AR EIETEARTIZEA AL - EXOC4 (exocyst complex component 4) F&[A] - CC RUFLIE TER}5E 2 NBA ~ NW J
LWW (litter weight at weaning ) = CT B TT I3 (He et al., 2021 ) - Lei et al. (2011) #53H miR-27a F:[NEFE
FEFFIMIRAERR - 1 MicroRNAs (miRNAs) 5 FyEgf B & iEies (F 2 B EREI AT > miR-27a B RVELEDIRE Ry oY
JET- (Chhabra et al., 2009) » HEIRERFTENIT&HF AR 5FHE2 QTL - Pang et al. (2019) 43175837 ESR (estrogen
receptor) ~ FSH/ (follicle stimulating hormone b subunit) ~ CTNNALI (catenin alpha like 1) 5z miR-27a Bk 5
FEFHEREAR -

AHHFE B 5 7E (7 PR R AE B 22 2 AR50 miR-27a BRPRURIEE HIDA 7 DACCHE - £ MS-PCR  (mutagenically separated
polymerase chain reaction ) F5{iiFA&EH YRR A » DIEUL PCR-RFLP ( polymerase chain reaction-restriction fragment
length polymorphism ) $ 7172 » SF IH: T 2 ECAS HI i A B 6 24 g ESE e 2 87 D7 VA e P A AEFE B 2 BRI o3 - #5 LA
P EEC Z EFEE I -

MFERTTE

L FEFERE e
fl& & B s EE e - ST 9 RTEFES 942 BRAE E MUK i IS 371 55 (/A2 351 55 ~ 1120
UH) ~ EERGET 41408 (AN 11658 ~ £1298 08 ) R&YTEE 15758 (/A S535H ~ K1 104 58) - Hrb 109 SERIFEE i
8k Rl BAE e 8 B - BERmHT 62 §H K &YSTE 39 §H o ARG SEMZBEZAHESH  (EasyPure® Genomic DNA Kit,
TransGen Biotech, China) #E{T DNA pE4lifL - JHERE% S HRHEH o 2tk ERGE 8= PLERAYSE & DNA
P o WA EFEE RIS ERFE DNA £ 0 #E1T miR-27a BRI HT -
II. miR-27a FERAE 5747
% % Pangeral (2019) M {3 5] T & pt BLPCR 2 JE §f fF M ¥ 31 T ¥ 9 B
5'-TGGTGGTCCAGCTTCTCTCT-3" i 5'-TGAGCCAGTCTGCACAAATC-3' ; PCR |7 JiE 4H % 47 By 20-50 ng
& DNA ~ 0.25 mM dNTPs ~ &{E5(F 0.5 £ M ~ 1 x IELRER X 0.5 U (B ) Taq % &0 (TaKaRa Bio Inc.,
Japan) - KZfEXEESFE B 20 1L - FIIFH PCR %25 (SureCycler 8800, Agilent, USA ) #E{THEAY DNA 5 EEAyRgfE -
PCR [ JEE{: © 2851 » 94°C ~ 5 min ; & — - EEERINE 35 20 » 94°C ~30 s> 55°C ~ 455> 72°C ~ 1 min ;
=R > 72°C ~ Smin » B 10 ¢ L PCR EYAETIRMEIEE 2 UIBIEH - HerdHpkr & 1 x KIEKENK ~ 10U
PRNEE Hpall JAB4I/K » [ZFEHERSRE Ky 15 L » 7E 37°CAEM 2.5 h 1% » HU 10 p L #E1T 3% BASHEAG Bk 04
(Mupid-2plus, Advance, Japan) - BT LIS - WL G175 (Alphalmager™, Alphalnnotech, USA )
B ks Gty -
11 miR-27a FEPRIT 3 A A dcte
27 Kwok et al. (1990) ~ Rustetal. (1993) K Lockley et al. (1996) 2 7 ii72ai 5 » $##F MS-PCR #{fj
¥ miR-27a 5157 BlEe st A R B HERNE —4E5|F 5'-CCTCCCCAGTGGTAGGATACCCAGGCAGGAGGGGAG
AGGTGGCAGGGCAA-3' ~ B R #H E N EH — M 5| F 5'-GGCAGGCAGGAGGGGAGAGGTGGCAGGGACG-3' K
HH LA 5([F 5-GCTTGTGAGCAGGTCCACAGCAAGTCGTG-3" » 5[4 HAG MR 4R E 77 Ry AL N 43 Y
LEIR PR EET - 3" InARHESE 7 R R i BE S8 S RG » DUEEST PCR [EAH B ELR S R4 M - PCR [ EAH T Ky
20-50 ng fE{ DNA ~ 0.25 mM dNTPs ~ A ZZERREFE 4571 0.067 uM ~ B AZFRERFE—E5]F 0.1 u M~ 2
MG 0.133 M ~ Ix FEGEE R [ 0.5 U Tag &1 (TaKaRa Bio Inc., Japan) - [ZJEAEEGHE S 15 (L - £l
FH PCR #2558 (SureCycler 8800, Agilent, USA ) #{THEf DNA 5 ELfyHeilE » PCR [ FEWE: © —Zhdig » 94°C ~ 1
min > 69°C ~ 1 min> 72°C ~ 1 min ; 55 " {EIEMIE 35 20> 94°C ~30s> 69C ~30s> 72°C ~20s: F =3 E >
72°C ~ 5min © H{ 10 ¢ L PCR EVIH#ELT 3% HAEEASE K 7347 (Mupid-2plus, Advance, Japan) > F DAL
W LA 3 #r (Alphalmager™, Alphalnnotech, USA ) fHEUEE & &4 kT -
IV. 78854 miR-27a BL PRI B 72 (- SO BRI o0 A
SEPFE (2013) i EEFUIRE R 2 58 B AN > AHRAM: - DUERISEFT 2R S A sC R R A B
{¥MEgE » FER] SAS (Statistical Analysis System ) EZEMREE 7 — 43 A, (general linear model, GLM ) Eifg/\-
F A (least square means ) #EfT43fT (SAS, 2013) -
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L. miR-27a BRI A/ALERL

2% Lei et al. (2011) HIRRHITT7% - 15 580 bp £y PCR FEVIECEIREING Hpall 1EFIT% - FHEK D HEE R
AT AA BRI ST 319 81261 bp {57y > AB BATURIF 319 ~ 261 ~ 141 K 120 bp & 4 {Ef5k7r ([& 1A) ~ 555h
JE&FH MS-PCR Ayl - Br3& — T AT & TEL A Hia 77k - AR HBH SRR % - PCR EYACEE
TKoTEER - AA FERBIEA 121 bp Y —{E &7 > AB ERAIHAIEA 102 B2 121 bp FEAVNIRT (B 1B) - 55
HiGm b BB BLARIE(E B —(# 102 bp HIFRT - MHEH SR FERE AT > FRWESR 2 B G
AR AR (8 1) - 0% 1 B > BL—R o3 48 {Ekk i F Bl - FEA MS-PCR f Ji;A%Y A]#; PCR-RFLP
EEE 3N (50%) BRI (AN J#RE S IREIER(F IR ) > DURETE RS 540 STt RlA (2R 96
FLo3HrHE 40 JT ~ BRAIEE 480 7T (10 JT/#khn) ~ HALFERM 20 7T) » BEAFHAIMTRCA - IEEENE R 7347 2885
Blif PCR EE T 24 - PRAELRZER R AN G, A BEDES 1 ~ RIESEIRIFERS - R el i st AR (Wang e
al., 2018; Wu et al., 2018; Ding et al., 2021) = AWIFERAZE ZHtallx - (EFEAH M2 PCR e Rkt > H
DU mirfeh A e 5 p & HEf TR A8 SR T RL A - NG A0 AR N B 25 7 BN AR (R AR CE AT R e B T S BbAsll]
AEHRGERBSITFRK -

A B

M12 345 67 8 M1 234 5 67 8

bp

bp

400
300

200

121
100 102

1. miR-27a ELRIBUEE K 73 Mr4s s -

A: PCR-RFLP; B: MS-PCR, M: DNA K/[M&E#E ; AA R Lanes 3,4,7,8 ; AB#%J : Lanes 1,2,5,6 °

Fig. 1. The results of miR-27a genotyping by agarose gel electrophoresis.

Panel A: PCR-RFLP; Panel B: MS-PCR. M: DNA size ladder; AA genotype: Lanes 3, 4, 7, 8; AB genotype: Lanes 1, 2, 5, 6.

# 1. miR27-a FLRAYSE: BT ALL#EL
Table 1. Comparison of miR-27a genotyping methods

miR-27a genotyping method

Items
MS-PCR PCR-RFLP
Cost, NT$
96-well plate 40 80
PCR mixture 69 67
Restriction reaction mixture (Hpall) - 502
Imaging 84 84
Time, h
PCR 2 2
Restriction reaction -
Imaging 1 1

A total of 48 samples were identified per test.
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1. miR-27a FLRAIE®

DUH B 38 2 folE o3 AT 9 RIEFE 5 942 PESE DNA £ fnfy miR-27a FL R » Hofr AA B 5 88.22% » AB
11.78% » ZRIM S5 BB &Y (£2) « #E—H & ~ BIFERNERB A - TR HEE RIS ~ 558 5
AA HIEL AB BIAYE 47 EEST BB 88.79 vs. 90.70% ~ 11.21 vs. 9.30% ; 4Y52E By 81.13 vs. 83.65% ~ 18.87 vs. 16.35% ;
1% 5E By 88.60 vs. 85.00% ~ 11.40 vs. 15.00% o $H#FE 109 JE B E FEE RN ERSE - G5 62 THE HHTE -
39 VAAV TR E AL fe 8 DEMIR TR - M T RSN BB R R AT Easmil - (U B RIS A Ry AA BUEE AB Y
B 5T EEST R B 91.84 vs. 8.06% ~ 87.74 vs. 10.26% ~ 62.50 vs. 37.50% > RILEA A S ERATIER EGIEA B AL
BHEA (F£3) - Leietal. (2011) L PCR-RFLP J7=(73H7 142 BHK H5E miR-27a FLRAY » 455848 2 G35 BB A
i 1.41% > AB U5 19 58 > (5 13.38% » Hak 121 B Ay AA B> [HtE > B SSE R AR K 0.081 » 1f] A X RERIH
2255 0.919 « 5347 36 BEAMAEMGLLFE - B SO ERAAR 0.778 St A AT AR 0.222 < 555747 120 BHE AT
Z DIV 5% » A A RBEFR B 0.850 » B A AR B 0.150 © Pang et al. (2019) 534t 432 BHELE(FMEARE R}
IR A5E RIS - (25T 1,587 fpi&Ektd - AA T 1,138 i - AB 1Y 388 fiz » BB 1 61 i » H.H1 BB 1Y 55 3.84%
H iS22 SORRELA T S 45 SRS > BB BUIFE R AFEIARE S LA E R o HERILLEE Y ol se R R R Aa B Em S AR
M E » R BAYVERENZRETRIRNE - SAEHZIES » miR-27a FRAIAFEE 2 Segvtpl dstpg - HBIFT{ETIT
KTy HE QTL AiEiskRE{% (Holl e al., 2004; Lei et al., 2011) -

%% 2. f85E55E miR-27a BRAU I3 AR

Table 2. Distribution of porcine miR-27a genotypes from stock pig farms

miR-27a genotype percentage, %

Breed Sex n

AA AB BB
Landrace Male 116 88.79 11.21 0.00
Female 298 90.70 9.30 0.00
Subtotal 414 90.17 9.83 0.00
Yorkshire Male 53 81.13 18.87 0.00
Female 104 83.65 16.35 0.00
Subtotal 157 82.80 17.20 0.00
Duroc Male 351 88.60 11.40 0.00
Female 20 85.00 15.00 0.00
Subtotal 371 88.41 11.59 0.00
Total 942 88.22 11.78 0.00
n: number of pigs tested.
3. G RFE miR-27a ARARIEAR
Table 3. miR-27a genotype frequency of parous purebred sows
miR-27a genotype percentage, % Allele frequency
Breed n
AA AB BB A B
Landrace 62 91.84 8.06 0.00 0.9597 0.0403
Yorkshire 39 89.74 10.26 0.00 0.9487 0.0513
Duroc 8 62.50 37.50 0.00 0.8125 0.1875
Total 109 88.99 11.01 0.00 0.9450 0.0550

n: number of parous sows tested.

IIT. miR-27a SEERIEISH 22 (PR 547
D SAS OB — AR SR N A% » 43T AR A S miR-27a BLPREBAE (PR EAR AR BIERS - 7T
SRAEPIAEATS T EDRMET: » AA TUBERAI IR VA9 28 FFROSTTY AB 7 (1242 £ 0.41 B vs. 12.20 £ 1395) - 7
SRAUTERISHT - AA TUBEFTEE T PR AB R (1330 +0.26 5 vs. 1157+ 109 58) + S{EHE#Y]
BEHISMTEDRICh  AA BIEERRIT RIGE TS5 (FRUEE S AB A (14.01 £0.30 58 vs. 10.00+ 1.77 58 » P<0.05)
AA BIREE TR PATEE FRCR s (820 % LITHH) - 4HA7C (8404 04250) ~ FEKR¥IAE (850028 5) -
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B A AB U2 ZE(FEL (9.00 + 1.51 §8 vs. 9.00 = 0.66 §8 vs. 9.00 £ 0.51 §H) 2R AA BIATT H RFE AT ETHR
S (13.40£0.63 5H) si4fa2t (14.53+£0.3508) » =i AB BT (12.00 + 1.85 GEEL 14.43+0.9558) >
MEBEERWIEE R - AA BIAYve B RFE 0 (15.10 £ 0.40 BH) K> AB &Y (1540 £ 1.058H) (F=4) -
Lei et al. (2011) 43#r miR-27a ELRIRYERL 7 (FEUMERATE - £ &AM £ DIV 5% 56 faw)E & RHE R » AA 12 TNB
511214 +0.337 BEEEZE = /A BB A2 8.875+0.772 58 (P < 0.01) > JRE A AB#I22 9.167 £ 0.892 58 (P < 0.05) -
SAAE 393 @ paE kit » AA B TNB /& 11.560 + 0.163 TEEEZ =7 AB %127 10.161 £ 0.494 58 (P < 0.01) - 7E
KEFE S0 fa)EE R EET » AA B TNB & 10.543 £ 0.442 GE{57A AB #12> 11.333 + 1.730 58 > {H= A BB £ >2
10.000 + 2.997 §H » FAF 165 2RaAI S TERL » AA %122 TNB £ 10.509 + 0.231 FE &7 AB #12 10.481 £ 1.188
UHEL BB 117 9.725 + 2.897 UH © Pang er al. (2019) 73K EFERE FH5REL miR-27a FERAIHIMHRRE - 1F TNB i
NBA fJEE#E:H - AA BULE BB AU 577126 0.30 GEERL 0.26 §H > AA %1 TNB Bl NBA 7REE AB %143 71]2% 0.28 BEER 0.16 T >
H TNB-EBV ( the estimated breeding value of total number born) Y/ FIEH > AA KUK 0.45 £ 0.02 GEEEE =" BB
A1 0.3520.1058 (P < 0.05) > {HEEHA AB EI27 0.46 +0.04 58 - SR FIEESHTEE » BB £ 50.50 £ 0.14
JHEE S AB I 0.1320.0555 (P < 0.05) > JREit AAT (0.22£0.0355) - & ARWFTEARHRARI ORGSR
AA RINTEE ST ERL e AR TE Ry R R fEAE BN RE S BT -

F 4. AN miR-27a LN RIERE (P MR ARRE 1 A

Table 4. Association analysis between miR-27a genotypes and litter size trait of parous sows

Litter size (least square means  SE)

Breed Parity No. of litters
AA AB

First 62 12.42 £ 0.41 12.20+1.39

Landrace Second to last 72 14.01 £ 0.30° 10.00 £ 1.77°
All 134 13.30£0.26 11.57£1.09
First 39 13.40+0.63 12.00+ 1.85

Yorkshire Second to last 79 15.10+0.40 1540+ 1.05
All 118 14.53£0.35 14.431£0.95
First 8 820+ 1.17 9.00+1.51

Duroc Second to last 13 8.50+0.28 9.00+0.51
All 21 8.40+0.42 9.00+0.66

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

+=A,
=113

AT RN 3 B TR B TR miR-27a ZENBYERIT57% - 0T BUR miR-27a AA RIZ T E B15E

bt AB RUARGSHIEFE - AR BT A DGR - ARG REVE FEUIT MR EFIBE 2 MUK -
RAGREATEFERE Z A M > BRE8 miR-27a FLARESC 2 mI A I - BRI BER Y (P B RE Tt -

)

AOFOREER (RITEPTREZ RS ) &8 (11 2R -2.11- & -L7 ~ 112 @28 -2.1.5- & -L1)
VRS EE S\ BR AT A (AR F A 2555 7 IMEWUE R B L 2 504615 2 S8 da5e HDh - 2 -

BRI

ZENRK

FAEE NS - 2022 - 2021 EEEFESETFM - £ 9 H - 21 -
BUCEE - RBE -~ REUKKS ~ BUSROR - SR - 1999 - BEFEIEE E OB TR ZPE - PEEIE 28
33-39 -
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B9 - BEENTIT 47 ¢ T1-82
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Genotyping improvement for a candidate marker miR-27a

associated with porcine litter size trait "
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Abstract

The miR-27a genetic marker is one of the candidate markers for porcine litter size traits. The purpose of this study was
to use MS-PCR (mutagenically separated polymerase chain reaction) technology to improve the conventional genotyping
method of miR-27a, so as to facilitate the genotype identification of more stock pigs and to evaluate the marker availability
for the pig industry. According to the references, the different genotypes of miR-27a were identified by the conventional
PCR-RFLP (polymerase chain reaction-restriction fragment length polymorphism) method, and three different specific
primers were designed to test the PCR reaction mixture composition and the reaction temperature conditions for successful
genotyping. The genotypes of 942 pigs from 9 breeding farms were identified by the newly developed genotyping method,
and the results showed that the percentages of AA, AB and BB genotypes were 88.22, 11.78 and 0.00%, respectively. The
genotypes of 109 parous sows with litter size trait were analyzed, and the percentages of AA, AB, and BB types were 88.99,
11.01, and 0.00%, respectively. In addition, the preliminary association analysis between genotypes and litter size trait
showed that the Landrace and Yorkshire sows with an AA genotype had a higher litter size than those of AB genotype. The
newly developed method that saves time, labor and analysis costs can be easily employed to genotype more stock pigs by
using a simple equipment. In the future, the marker miR-27a is expected to be incorporated into the breeding scheme of stock
pigs to improve their litter size performance.

Key words: Litter size trait, Candidate marker, Pig.
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& v63H T 5 e dm bk 2 A 3T PR BN R A AL
Pl e @ IESZE ) i ELE @ B TT A @3)

WefbHg 2 2023429 H 7 H - 2B 0 20234 11 2 H

wm =

e By B T HIE L e MEae A (muscovy duck induced pluripotent stem cells, mdiPSCs) » ifi #E{77K
2/NiE (waterfowl Parvovirus ) BASHIES - AL FEAHREARIE Rz e A2 e 2 78 7 - ilBp 1895 (lentivirus) F
LIN28, NANOG, SOX2, OCT3/4, KLF4 1 C-MYC ZFfE % [N Ty B WE AR fa 48 4 RF4HPE (muscovy duck embryonic
fibroblasts, mdEFs) - ££4J 7 — 10 K% mdEFs 207 %R 5 B 2 F 7 4HREIP RS - Fraghse 35 — 40 RiRANP
R AAEE S A8 - mdiPSCs #3/MT R T 45 #K (380 K) » &M LEREMATAEMESE AP B PAS Juftfg 2
WRGPERIE © (A INEES BRI E - AP EEREE (embryoid body ) B/ 3 BURFTEIL Z BISHELEENE
FrAi R A L R B LVERE - DUB GBS B TR S8 EEUKE/ M E BRI % 2 mdiPSCs » k&K
B Y mdiPSCs 7 [a 4HARE H 5535 /Y mdiPSCs » 45539 251 E - 58 B /K& /Ni 3 T A28 B i 128y
mdiPSCs > W ] DUE HARRE A NE A& S5 5580 - BURAWTFEAT 1LY mdiPSCs FI{E F/K &/ N a1 T 4HAE R 2L
EEENET] -

REfEEE - NS - MERGARAERIANE - SHE L R ERAIRE - KB/ IVES -

i

Takahashi and Yamanaka i3 2006 S5 K332 » FlIFH Oct3/4, Sox2, c-Myc, Kif4 45 8 YRN8 2 /N B IR R a4
4iff2 (mouse embryonic fibroblasts, MEFs ) - sFZ4HH#EI T FE{E (reprogramming) -~ EHIH EAHTEZLEEM 2
HRANRE > 30 H AT DR TAE VR AR (teratoma) YU o Ao B A Er 4HAE ~ &S 4Rt ~ AILAAHRE - RERR4HAE
Bl | R RSN IR HYARRE © 22 SR —BIRYEE B 2R 4MHE (induced pluripotent stem cells, iPSCs ) >[R[t
ZEH IR FE R Yamanaka BASEEFIEE57 John B. Gurdon H:[EJE(S 2012 35 H B 245 2 TR2E - 1245 iPSC 4R
2 TEFT RIS ~ BG4I IR E LT YR RO - R AR R B A B G Al 2 S RV I, -

RS AOEA — - —&H stage X AYMARAHRE T BEIERS Z IRr4HAE (embryonic stem cell » ESC) » 2
AEFRAE TE AT RO ESE T AR AR 2R FEES 4T (embryonic germ celLEGC) (Pain et al., 1996; van de Lavoir ef al., 2006) - Lu
et al. (2012) FIFTA BN R (POUSFI, NANOG, SOX2, LIN28, KLF4, C-MYC) HE5E 458 IR RG4S
A (quail embryonic fibroblasts, qEFs ) » G IJahk 2 AR RGAEAE CRAMA A T FIAZ UL - S s B A U IR S A AT 14
EBATRERVAIRERR - NSRBI AVAHRERSAE B ZEARRG - W E S SR A RS NIRRT b - TP & RS

(chimaera) ° 3225 —FIE A HIEALEYRERETIC R D E R & A E L s MR 4iREnIptst -

REE—ERFESAEY . B TR S AV R B = 2 B 58 (Naito 2003; Farzanch et al., 2016;
Farzaneh et al., 2017) ° 5341 » FF2 95 HIN A L E R Z S IR R UM EFE VAR 4 CF4HRE (primary chicken
embryonic fibroblasts ) £ > {H 7 FHEA HUBEAVEESR - FIA0EEERRHEE R - RS AR A FH ZEAR
ERE o B > AT E RN - 2 BT L ARSI RS - BYMNEE R O SRR E B
RAEVREBARETIREAE - DUREVE A 2 Ffoll - ARREREE A4 R B it 2 Bt i i R 7% » Rk > 2T
FEATINVA R R FH TR ER4HAE. (EB66 4lifEik ) 1FRfamEiE '8 A E 5 (Olivier e al., 2010)

H K&/ N i RS2 DU /DR (minimum disease, MD) B 1E (Muscovy, Cairina moschata) 2 Wh8&
HEATAEEE - 281 > BINEEA TN - NIEEEFELAMERIERNE 2R - MR RNIEEEZREIFH A TR

ill[

(1) s E A BRI e 5 55 2770 5% -
(2) st Em e bR P (AR A -
(3) #ERE% » E-mail: rchen131@gmail.com
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SHET AR E BB A P TR IR EE - 28T B N EPAZUKERIS S - A SRNAGIR S R E IS SRR E B P B e
HEMAEREIY RN R - AU EeE A INAE st - IR BINHE L aE M duis IEDH“STM T’E
R RS A EFE 2B » DURESRITUIRE A EE S 2 0T« 59 - BISFEL R Airtkey R R o]
RALERA A Bt Ba i A - WREZE T E (reduction) ~ HUf{ (replacement) -~ #F&{L (refinement) 7 sXEnE)Y)
EHERE -

MR TR

I FHIEPLAAEAELEANNE (muscovy duck embryonic fibroblasts, mdEFs ) 4 BEELE:E
i HUAWE 9 REVEIGAERG - RAIMURBLERIEHE - AR R 5 —IFEEH 10 mL DPBS HYEF & I RAR A HYEE
G N

il FFEFREEE B BEHIIL AR TS 2225 3 mL #Y 0.25% Trypsin / 0.02% EDTA JZKHY 6 em fEEEFE ML - DURET]
T HARY) Rt HERE R - DR~ 5 mL JFEE{E R Fall 2 4H8%RE A 1Y 0.25% Trypsin / 0.02% EDTA AR AJE
SIfE T P LAHEL - EETIEEIOR AR 4B -

iii. A L2 AHERFE R #Y 0.25% Trypsin / 0.02% EDTA 7571 A 6 em SEEEFEILF » £ A 38.5C 8y _ & ChixiEE
FEEEE S 8 -

iv. S tHARE #Y 0.25% Trypsin / 0.02% EDTA 775G e 0E > IIAESE R (DMEM + 10% FBS + 1%
Penicillin / Streptomycin, Sigma-Aldrich) %] 10 mL » &40 E&% B E B EE TR S j}ﬁg

v. DA358 x g Bl 5 oy > MR EIERIR R TR - EIDAREEIRE] 10 mL - DUHEGRIFHEEEL—

vi. TEFARREE I ELY 1 x 10° /mL B 10 cm AYEZENLH » # A 38.5° C Bl & 5% CO, 225 S AHENEE 100% iﬁﬁﬂﬂ—
iz EEE e -
vii. PRS2 — 3 REH—TEER - SiERFEZ 70 — 80% ZEPE MR - T RIE TR EE0E
TR DRI A 43 A46E
II. 2L (reprogramming ) 5K -#E L BRI EE 220 GE MR 4TAR

FI R ERYE RN FE4] (set of lentivirus : EFI1A-driven LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC,
Cat. # LV01006L, Creative Biogene, USA ) #:{T mdEFs 4HUFEFEAL o A5 BN 1R R 7 B U (F i FR B ot
AR - S 6 EEEREERA T (3 wL/ ) B -80°C (RIEMHF - BHEE 2 — 3 {42 mdEFs Y 6 x 10°
/mL HY4HPE B HA R 3 N\ oAy S FLEZEE ( Thermo Fisher, Nunclon Delta for adherent cells, Cat. No. 140675 ) #EfTi%% »
IEZEHQEEE?J 50 — 70% ik ESERISER o [EIRFEH T 3 2 BFIVEESEEERA T BN 30C Kaig
fiz  TRAIIACH %2 1 mL fYEER - KEORGRIAZIREEILF - Hi0A 2 mL fYE&ER » &5 PUETT
mdEFs BZLRE 5 FER RIS A @460 37 C BiE 5% CO, fiRfF MEE » 24 /NI ERIEZIRFAYES
TR W R R mTeSR ™ 1 Medium (mTeSR ™ 1 Complete Kit Cat. #85850, STEMCELL Technologies, USA )
TR AR AR - 4 30 RIZFHRIATAELE 43 A @3 (mitomycin C) FUE(LEHL /N AERS B4 RHATAE

(STO mouse embryonic fibroblast, CRL-1503, ATCC ) #E{THE5E4Y 30 K » FHE4MEE STO HErEtomE » &=
HrEHREILE 0.1% Matrigel® JRH > 4 FLANHRSE M THEE -

o5 25 RE MR AR R e 3 A

WA i 5 A% B SRR A B B v 2 SRR - 288 FH 2 0 38 2 T 2R R R % 8 s A REL Y R 8 A R ASE 15 o 2 gk e B

(alkaline phosphatase, AP) FUE E ML S Schiff (K24 (periodic acid-Schiff stain, PAS ) 4 &34
SR AEITHRREES T MRS (alkaline phosphatase, AP) FilFUEME3 T ¢ T ERE VAR BRI bR - D
PBS JF7E—X ﬁ?‘m/\ 1 mL & 4% 18 EMAVEE/ KIS E E 40 5 7358 » DL PBS JEE — K& > fILA 1 mL SZfE
7 (alkaline phosphatase detection kit, Chemicon ) » FAZEJE NRJE 15 47881200 PBS JERE X - BHLIBEMETETE
B BiEE -

M Schiff [Cufs (periodic acid-Schiff stain, PAS) AHREZL B 50AT @ B2 &8 4T BE RS 2 R L s - DL
PBS JE—R » FHIIA 1 mL & 4% 1RE MOV EEE S 400 5 4388 - DL PBS JE%E —XK{% > A 1 mL Periodic
acid (Sigma-Aldrich) - AZJE TNEIE 5 588{% 0L PBS JE5E 2 » FJILA Schiff reagent ( Sigma-Aldrich) > A=
i NI 15 538z DL PBS JEPE R > FLAEMERETE B EZ Bz -

IV RRAS (embryoid body, EB) JEZEHIE

III.

—
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BlcsE sRzsE  HEGH BRIZA 100

MR EN Y FEEF mTeSR ™ 1 Medium U FREE/IVE - B84 20 L - BEEIERESHIA SmL PBS
DU HERIER (F/NEZESE © 1649 2.0 x 10° {435 mdiPSCs B A B —R03 8/ NE T - BEER 38.5 "C BlE 5%
CO, 2 ZERHEEFEY » LIsA# EB JPK -

K&/ N B R R
K&/ NRFEEEAKS VR ETEE (BIYRIEESE 08212 5F - el - 28 ) EITREE: - 1R
T2anr
i. % miPSCs (2.0 x 10¥mL) B 10 cm JEEEZE M ( Thermo Fisher, Nunclon Delta for adherent cells, Cat. No.
150464) LL DMEM + 10% FBS 2 38.5 ° C 814 5% CO, = 22§ Rsafarihsss » 24 /NI%/% - Fiffip DMEM
+2 % FBS @8 12 /N TR HE -

ii. RHRFETEEE R 10 — 10 TCID50 / mL » BY 500 1 L §GHET AR ss 8 MU TR s WCER 38.5° C 5%
ah Lﬁiﬁ§

iil. HEREERERE 36 — 72 /N\IF - KBS MIE A S MR E(E A (cytopathic effect, CPE) BZETHYERE -

Bl

K& i3 B AR % ZE 4 80 — 90% CPE BRI » BIRFAHAR R gl NUXEE R 15 mL B0 » DU YD ER
TR EAEL
i RERER YRR SRR (€9 2 — 3 mL BRI E N -

ii. DAHREEIFYE] T 4R / R a g - AR TSR a9 S -

iii. RAEE{E R MAVARRE / i B S RIEEF R M B Y 15 mL BB - 12 -80°C /2R =2 1% » DL 805 x
g AETTHEL 20 7788 o YL BRI AERFR -80°C KFE

K& INEEE R

K BN R e AR B o A 40 » U RAR S A 3254 ( Xpress Virus DNA/RNA
Kit, Cat# K1361-4, BioVision, Inc. USA) #£1T DNA Z£H{ » B LU Sl ash S fE ) = Tl - $HE/KE/ VR
e oHl B 2% 51 2 5] F + 5'-CCAAGCTACAACAACCACAT-3' (sense) il 5'-TGAGCGAACATGCTATGGAAGG-3'
(antisense ) ° PCR SZJEMRAE © 94 C o 1 4788 5 21847 35 { cycles HY denature : 94 °C » 15 ¥ ; annealing :
50°C » 30 #b ; extension : 72 C » 30 #b » £ 72°C > 5 47§#%7% (final extension) > #EFRF(E 4C - HAIEMEE » &
kTRl IERE 1 ERRE 539 bp DNA H EF ( Zadori et al., 1995.) -

AR

NG 2 R A REIRR oy BB 28 20 R PR Al i

mdEFs 4HALE 5 B FISMELE 9 RAVIRARHELR > BEM 15 - HUS 2 mdEFs 4f{AEL DMEM+10% FBS (& 100
U/mL penicillin 5z 100 g/mL streptomycin ) 7 BEFER#ETERE - HHZIBIRAGAHARAT 70 BERY mdEFs A& 24 /B
% > RETRIEIR R » DISERARAEITHISE C AR B EAVAHERRE /o &80 2 — 3 RAVEFERE R - BIRTREARRS
FHYZE T 4HRE B AV AR AR 7 A5 EREZF - (NBEEI RIS 4i LAY mdEFs - 2 & Efif 2 REHRER - &0 48
/NEFERE R T b, mdEFs BRAAS4E -4 6 — 7 REFHEITEA » B EAYIBE /@92 mdEFs £ ([& 1) MR -

HUBS#5E 3 {0y mdEFs #{TEBNFEGEE - (T 6 TR EFUELT 6 x 10° AY4HAE - FEFIFEH#EE
~ iPS Lentivirus-LIN28, Lentivirus-NANOG, Lentivirus-SOX2, Lentivirus-OCT3/4, Lentivirus-KLF4 #{1 Lentivirus-C-
MYC PR LB R R A TR - 24 /NIF IR B PRI » WK TR £ mTeSR1 stem cell medium © 353 HAR
JEH R AR B - T2 mdEFs 2P AR L - B2 2 )0 mdEFs 48 7 — 10 KEFER; - 4ifTPREA
HMOINESR A 2 F R AIRIPRE 5 48 35 — 40 RIFEABE FIYANBGETEE - TP RERAIIEE (colonies)
AR ([E 2) - HEHEMEEERE AR E RN T EAEST iPSC sFE 5T RAFTRIE - ZERRRaSE
R AR A L E BN L - 5 — 6 RATELRMPRRLEE - 49 9 RIB 4B GR £ B4R
ZEE&IVEER (Liou et al., 2019) ; $RIRAVARARARAERIANNT - &R LR - 4y 24 /IS5 ] LARAEIE RE
HIE - 6 RigRIP RS ERA 2 BRETZRE (Lu et al., 2012) ° Fuet et al. (2018 ) DAZEEINS IR RG 4 4E REAH A
FIFHEE LR T8 - ME(TEENE iPSC SRE 2 ITHE Y - REBNS 3 RITEEAL%4Y 5 — 8 KRB 30 — 40 R4S
EIP R  BEE R RS » ISP RSB IS R A B Y 2 52 - RN A BIS [E) & B )78 (avian
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species)  {HAEBILAEFEHY 6,000 BAERTHHEAERN EESEA T 77 HISEERTEL -

[P
1. AWML 9 REBIGIEAG 7 B IBARAR4EREMEAE (mdEFs) HYIPRE -
Fig. 1. The morphology of muscovy duck embryonic fibroblasts (mdEFs) collected from a 9-day-old embryo. Scale bar =100

[m.

[E 2. FEHE 2 IRABRAEREAHRE (mdEFs ) &R EEREET (LIN28, NANOG, SOX2, OCT3/4, KLF4 fl C-MYC) {#Z%1%
ZHIHEIPRE © A - mdEFs FARZEEREIN AT 0 B - ELR5E 9 K CEIEHEE 11 X D EELEEE 32 K -
E @ ELFiRE 45 K -
Fig. 2. The morphology of mdEFs infected with reprogramming factors (LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC) >
A: mdEFs prior to infection, B: Day 9 post transduction, C: Day 11 post transduction, D: Day 32 post transduction. E:
day 45 post transduction. Scale bar =100 ¢ m

Auge s it i 2 L E R A T8 Y4 1% 2 mdEFs B8 BRSSP el - BEE I RE > T
ﬂ}qﬂ’ﬂ%}ﬁéy%‘%ﬁﬁﬁ AR RELEE A PR FAE S LB HE R 71 28 AT P S AR R Y B R T U S T AR S SR T R A A
% HAERRBHIRMAREIIAS - Wit HEEERNVARERRIK %A EZE (mitomycin C) AIE(LREM
STO fE Ryt &= 4Rt THE S - BRI STO (g B4t iE i MY A RIS SRS - (HE
HEAMMPRREEEN B AHE » R NAIREEES A G — ARl AR AR AR T DU R R B T ey 0%
TEEMAIREEE S 258 - BSR4 108558 iPSC 1UsEH » (EERERENVEREE iPSC B STO 155 » EHER
FLL 0.1% Matrigel” pRFH > B2 » A6 B E G F#25L mTeSR1 stem cell medium FY 32T 4628 iPSC (Lu ef al.,
2012) - AREEISIRERE > (FE4IMEE STO HE274Y 1 {1k » BRI E B STO HasE o
B EHFILL 0.1% Matrigel® JEH > 4 FLANFERSEMN - EERL4HANIE STO S iifk B b e  H/A R ACRIFRANE -
if EL8 2B Y AHRE & AH B B SR AR B AR RS (& 3) -

3. mdiPSC 34 4= R IP R HIRERVATIRL AL -
Fig. 3. The mdiPSC proliferated and aggregated to form distinct colonies.
Scale bar =100 ¢ m.
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M4 AR R LR, - #ET mdiPSCs sFEEE T - WIEATA mdEFs HHp I, - (ALt 1255
gy gied > oIy T2 2] mdEFs AYFAE - MR M & A (U a Ry i 2 e -
YIELIRELSHE 8 4 gt VAR  FEEE 12 — 13 BB Et2E % mdEFs (Y7EAE (@ 4) -
mdEFs &ESHMEZ MM - AN BRIMRIS RIS » SUL SR ER RSN T 2 mdEFs fEEREY
GFEE G RIFRIAVRE IR - R E R N AR EEEAY mdiPSCs 775 - £ H Al mdiPSCs A8/ ME
TERERERMET - B 45 810 (380 X) » WERFIIRREEH - 2 HIRTHY mdiPSCs fHI% PR E T
trA ﬁ#?éﬁfxﬁ+,\$5x&?

4. mdiPSCs PX A [FIE A E - HERBSRARZEREPE A F 6B HF 120 C: 526 {0 -
Fig. 4. Colony morphology of mdiPSCs at different passages. A: Passage 6. B: Passage 12. C: Passage 26. Scale bar=100
[ m

1L 5FEZ s AR s AT A

TEARAEJE4HAE (EGCs) Z 4SS A RTEE (glycogen) FEAL » TE4HARZE LA PAS Ly At iy (&5
SBE o WHHE B SR LI — (Meyer, 1960) - 4RGSR ol fgt AP 2 S M 380 4 A 2 88 2 R RS 4R
(ESCs) ZZREVERVRHERIEGE - AWt 7R S A iE U LER B R P R D AR A v = 4R - 2B Rt wiag 2=
FH A A6 HIERY EGCs ( Guan ef al., 2010) #1 PGCs (Chen ez al., 2019) #5{EZRE ME4MAEIESE PAS F1 AP #E1T45ME
2HeMOHIE (Jung ef al., 2005 ; van de Lavoir et al., 2006 ; Liou ef al., 2012) - &5 RAEREHEEREA LEER A
Pl AHAEEE AT/ AR 2 mdiPSCs KDL PAS (5238 20 48(0) B AP (23 25 %) WIS 2 ERIE (8 5) >
R B AR S EZREE

5. mdiPSCs D/ periodic acid-Schiff (PAS) F1 Alkaline phosphatase ( AP) Jat5 2[5 M E A @ PAS Fufa (5 20
) BT AP R (FE258) -
Fig. 5. The mdiPSCs were stained positive with periodic acid-Schiff (PAS) and alkaline phosphatase (AP). A: PAS staining
(Passage 20). B: AP staining (Passage 25). Scale bar =50 ¢ m.

L ARSI AR

HA {62 REER ESCs f1 EGCs [ T FIFF & BH— LRV A REEEE S - JP R EBs 752 ESCs (Evans and
Kaufman,1981) 1 EGCs BA &7 1LZ%HEME (pluripotent) HYHRiE 2 — o MRERMHAENTAZHY EBs B (BIP = 1E
IR F@ I BE 1 R o Bk &8 [E B BE Y 4H B BE ( Doetschman ef al., 1985 5 Shen and Leder, 1992 ; Desbaillets ef al.,
2000) - Ht EBs BYIERGE T T RIEER 4Rk B = IR 4R (78 JIHVFEEE © Guan er al. (2010) #5HITS
EG dHptETRIFHEIENES 8 RTEIZ2F] EBs HYIPRK o AHSTHETE 20 4 Y mdiPSCs DU EMEITER
FIEIRRE NI - 455 8UR » mdiPSCs ARFHIE 7 - 10 R12EIZE 7] RAAR SR EIBRIRGE1#E 2 JHiRaE (B 6) >
FURAIEE ARSI M T ERVRE
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6. I F 78 v] 5 %% mdiPSCs JERUSHLAS -
Fig. 6. The embryoid body formation of was mdiPSCs induced by hanging-drop culture.
cale bar =100 gy m.

IV. /N 35 B A

Ryt R T AV AR R S AT AE Ry K&/ N S Y 18 - ARG 18 S s Rk - DASTAL #E — PR iU e B 2R
EZ AT - SR E AT £ ENKE/NEEE B mdiPSCs 41T /K& /N 58 BRI -
mdiPSCs L DMEM + 10 % FCS £2%& - {F4ifE4: E 712 80 — 90% - f&HraE iz DMEM + 2 % FCS 448508 12
INEHE » FETTIREEEE o ARSI R 48 — 72 /N R B2 R AV AT SR B i . CPE B3R T
HyERSe (& 7) -

Saleh and Khodier (2020) DLJE H ¥R 350 B A4 #E/NE 55 (goose parvovirus, GPV ) AYIE & 738 ! GPV ¥
T R R IS IR AG 44 RR ARG - TR ERE 1R 72 /NI Al 22 31 A7 UL HY AR BY RE SR B G 45 /N 2 CPE 4
F] 96 — 120 /NEf > F2{E B JZ (monolayer) AR/ NEER R A MIEHTEEE - RHVEZ% 34 CPE
FY HF ] B AR Y R Y LB T A B R N B ZZ FIAE VB © Zhang er al. (2019) F #8473 # (indirect
immunofluorescence assay, IFA ) JE#{T GPV {£ DFEs 825 » GPV (FFL1% 24 — 48 /T Al 225 g Sl
T 48 /NP FEDRE RN IE 96 B Z R B S - Y 120 /NIF 2R E CEINRE -

7. mdiPSCs /K&/INHHERGHE - A MDA RREUKSE/ VKT - B MRERAEKE/ NRFRETE 72 /N -
A= AR EEER] (CPE) -
Fig. 7. Morphology detection of mdiPSCs after waterfowl parvovirus infection. A: Control cells without infection. B:
Cytopathic effect (CPE) exhibited at 72 hours after waterfowl parvovirus infection. Scale bar = 100 /# m.

AIHGCAER BRI %4 100 — 120 /\B% > BHZ2549 80 — 90% mdiPSCs ¥R CPE B » E[I4 mdiPSCs [ Hoiz
BREIT RO HAFT -80°C o FFEIU AR R AR 3 Y -80°C &8 / 37°C ffsR » SUF MR R R &
SRR - PRI TEREC, (805 x g/ 54788 [MULEH RN Y BFER « 10 DAL EER - FF20EST mdiPSCs 2 4HREREE: -
DU B R K & N B 25 0] AR mdiPSCs 2 AR T 5 25 T 1 18 B T o

FIF RO BRI % Y mdiPSCs » 8 PCR fy 7 =VETTROH] » S5 i HRBUKE N B E— R AN
539 bp F ERIPS MR IE o 4SS B AT LY mdiPSCs 4HFEIRRHEE T (E R K&/ NR 375 400 - EKE
/NEBIRARRE TR E TR S H TR SRR BRI A RS o pEAt - AW R A DATEE
HHEIT/KE N5 BRI FAVE HE4H mdiPSCs 4fiAfl PCR il 2P tE L E 2 4558 » BURAERE. 2 mdiPSCs 4
Rt By parvovirus free (& 8) -
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700bp
600bp .
500bp 4 Parvovirus: 539bp

400bp

300bp
200bp

100bp

8. U &y it ol S B AR R SEK S/ N B2 IRIEALHY mdiPSCs 4] M : 100 bp DNA ladder marker » A * DUKE/MiEE
RN 4t © B A C  DUKE/ Vi3RI % WA EB R R 2 4R - D @ AT /K S IVm B R 4 -
P IUEEIEEE o N o R PR -
Fig. 8. Polymerase chain reaction (PCR) analysis of waterfowl parvovirus-infected mdiPSCs. M: 100 bp DNA ladder
marker. A: Cells infected with waterfowl parvovirus. B and C: Cells infected with cell supernatants isolated from the
waterfowl parvovirus-infected mdiPSCs. D: The mdiPSCs without infection with waterfowl parvovirus. P: Positive

control. N: Negative control.
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Abstract

The purpose of this study was to establish duck induced pluripotent stem cells (mdiPSCs) lines from the muscovy duck,
and to evaluate their potential for vaccine production. The results showed that the morphology of muscovy duck embryonic
fibroblasts (mdEFs) transformed into colony type from spindle type 7-10 days after being infected with lentivirus, which
was constructed with reprogramming transcription factors of LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC. The
transformed cells have been maintained in vitro for more than 45 passages (380 days). These putative mdiPSCs continuously
expressed pluripotent markers of avian stem cells including AP and PAS antigens. The capability of embryoid body formation
of the putative mdiPSCs was excellent when induced by hanging-drop culture. These results demonstrated that the mdiPSCs
line established in this study were pluripotent. The specific 539 bp DNA fragment was recovered in the mdiPSCs after
infection with waterfowl parvovirus, and also the mdiPSCs infected with the cellular content recovered from previously
waterfowl parvovirus-infected mdiPSCs when detected by polymerase chain reaction. These results showed that mdiPSCs

cell line with the potential for production of the vaccines against waterfowl parvovirus.
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FHE IR R R R E R ST B AV E BERET T (B E I E R AR R R BV ERE R
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HZWPPR 50% foda o PETER SR EE > AR 8 ) 0 8 A 9 HELEREL | (B A AR EIT A TE LIRS
TP EAMEY RS ML - BEREEENERERIR E o DA R T7 SR E A RIS R 24 8 < 2 mm B9/NFL (6 6%
HiT 740 > ZFELO0Scem (E 1) -
(i) pERHE @ B5 2 THEER| L% (acetic acid) ~ PI%$# (ammonium propionate ) Fr ¥R (2R ) 3 flpEi > K 4
{EEFLIFR - 0 R ~ 1R ~ 3 KRR 7R SEBEAPETILEZ 0K ~ 1K~ 3 K 7 KEFTRIERE » AKX
475 em’ (YIEHS (PVC tape, K. K. Converter Co.) SPEEEHEEC - 7R - R0 T - $E (B
FEEHFL) ~ 2 (FHFLUEE ALY 1 ml 30% ZfgieEffl) ~ NlgsE (FHFURRE ALY 1 ml 30% ANfgizgE L) -
SRRIEASE LT TR 2 HE (217) c T4 LA 4EEIIFR 0 R~ 1R -3 RRTRK > HEET
FPHErT (8 1) - HEhEHE 1o FaEE > HfURERR A8 H9H ~10H ~12H& 16 H -
II. FEEREE

() 1EEEE - NEFLEEEETR 42 ~ 90 K 231 ROTHIGAE 4 ~ 4 & 8 {ERBFHEL - HER S EHEREEY - 2 H
EEA BRI R OB R ERENEY » 885 0%  Hrb | BRI IRREIR S » SO8BIR L 50% » &
2 BEERHIRIRIIEIY - AR 100% « (A SE R R AR T2 i AR » BEH T IERE S FH—ER il
ERENFITmE
(i) FR R E T © F2VER Py T0°C T HEZ 48 /N 2 HZEFER L © BRAR(E Ry 20 g #rit Ak K 180 mL » T
WA g% DRI 5T (Toa pH meter model HM-20S, Japan ) JHE - FLB& ~ T W S L 2 HIE LURAS @ T 68
( Shimadzu GC-2014, Japan ) {{< Jones and Kay (1976 ) 075 54T - HiFaFsT (Flieg's score) Ak Hrftf
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40—60 73 Ry RTHE5Z2 ~ 60—80 73 Ry dfayFE T ~ 80 73 DA B Ry 35 T (E RAVF YT (8755 > 1995) -
L &55t574 - slERss R L SAS #Ug (2002) 2 GLM procedure #7553 » FXUA T FEEMEH (Chemical ) -
EIFLIFRT (Seal) S AT(FIFR] (Storage) - & FRUMES Ry[EER - S pRIE(E P LIERE I 2 Z50HER (Duncan's
Multiple Range Test) #E{THRE » PLEC & EHEI(E 2 MR B 2= B -

/ —

¥ = L 7

1 FHZE BRI BEESE S - 2 - EEECE (<2mm) > o SERIEEE BRIl > 45 ¢ BAESFARREER -

Fig. 1. The damage improvement experiment of pangola grass haylage. Left: poking small holes (< 2 mm) on haylage surface,
Middle: reagent treatment and sealing, Right: investigation of damage situation.
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Table 1. Variation analysis of damage rate of pangola grass haylage with different treatments.

Source DF SS MS F Pr>F
Chemical 2 2.11718750 1.05859375 10.42 <.0001
Seal 3 3.95182292 1.31727431 12.97 <.0001
Storage 2 3.98046875 1.99023438 19.60 <.0001
Chemical x Seal 6 1.21614583 0.20269097 2.00 0.0694
Chemical x Storage 4 0.27343750 0.06835938 0.67 0.6116
Seal x Storage 6 0.49348958 0.08224826 0.81 0.5637
Chemical x Seal x Storage 6 0.49348958 0.08224826 0.81 0.5637
Error 156 15.84375000 0.10156250

DF: degree of freedom, SS: sum of square, MS: mean square

R
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B 512 R RE LR H B A 22 AR W)
AR E— DR - & EEEE T s R
BUR o BER ~ B FLEF R R S =8 R Ry 0%
Z 2 HZHTFE=ZHFZXEEAEE - EEmNE
I R A TR T 535K B 62.5% » BAEEE N ZBE R 129 1 pcetic acid
PN & 5% i PRI 39.8 K2 40.6% > e SE7 pE ] 75 52 100% -
R BFLRILEIEFL (DO) HYEIFEZ 26.0% #
ERPAEAM =R - EFLR | REFL (D1) AR
22y 45 8% BB EFLE 3 REHL (D3) HIREH
D3 BB B 65.6% =55 DT Y 53.1% » {H
TR ERAEE  BEITER A R E R
H7 5 PR AR R T B F 231 RAYSES1E 0% -
1A By 62.0% HH2E = YT 90 142 KAy 31.3% K¢
35.4% - 777 90 Ko 42 KRB E AR (B3) - 120% |
%2 A AT EE B A RFREEEE 100% 1
HIER S - SRES > BEAEEZYRNR
46.2%—52.7% R » pH {& /1 1 4.44—537F5 » 9B
BEMN 1L.11%—2.53% FIreEa#8E 77 Lk > &£
RTINS R B8E R - BEfUERA
B R - M 0 1

Storage period (days)

2. (] SR Bt FLARE ] S B L B AR [ P B B L 1R 5 Sy PRS2 2R - DO« BURET& 17 BIE B0 B T

D1 : 2% | R ETRE R E T ~ D3 @ UK 3 K ETEEALE ~ D7 © BUE%R 7 REETRMRE T -

Fig. 2. The effect of reagent and sealing time on spoiled percentage of poked pangola grass haylage. D0: process reagent
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Ammonium propionate
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treatment and seal immediately after poking a hole, D1: process reagent treatment and seal after 1 day of poking a
hole. D3: process reagent treatment and seal after 3 days of poking a hole, D7: process reagent treatment and seal after
7 days of poking a hole.
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3. 887 (B) ~ EHALSME () REFFE OF) HEFUEMER E R F BRI R 2 - C: HWiR (K
SR ~ A LR - P ARE#EEEL - DO~ D1~ D3 ~ D7 & EffLEEE - SiIHA00E 2 -
Fig. 3. The effect of reagent (up), seal time (middle) and storage (down) on spoiled percentage of poked pangola grass
haylage. C: control (no reagent), A: acetic acid, P: ammonium propionate. DO, D1, D3, D7 description as fig. 2. Means
with different letters differ (P < 0.05)

B S iR Pz A s BRI A BV E R — » RO B R ER KVEZIR A E R AR > B
Coblentz and Akins (2018) HY[OlERERe: » DAABAERBRERIZE 0 ~ 1~ 10 2 50 {lE/NfL (B 3 mm) =7 1 ERA (EK
21.2 mm ) MfRFE 155 K » DA S B AR B0 ARt Baad B » FLIIE AT AR B0 B AR S B R (BB v A1 P R 4R 5%
MEREEEBLELEEE (Agriculture and Food Development Authority, Teagasc ) FVER} » —{ 3 mm fY/NFLA |
RE 2 B EHZ A IRt 8% HYHESR - 1 —1{E 24 mm By ASE BB RE 1/3 /Y FRZF i AR (Forristal, https:/www.
teagasc.ie/media/website/rural-economy/farm-management/BaleHandling-1.pdf) - {HEZsF4HAYITZRAIIE /D -
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Table 2. After removing damage part, the fermentation quality of panola grass haylage used in this study .

Item Dry matter pH Score Acetic acid Propionic acid Butyric acid  Lactic acid
% % dry base

Mean 48.93 4.83 89 0.33 0.03 0.04 1.57

Min. 46.20 4.44 77 0.18 0 0 1.11

Max. 52.70 5.37 100 0.42 0.07 0.11 2.53

A ERGE R - ZRE B NG SR T B R R RAR R - AIRE BRI — WV BANEMEARE - B (2019) BmE
(2020) HIBIFERUR » RIAETE 3% PIBESA BRI B 7E BV B S -F R B iR m M a3 4 - Pfd B AL s )
DA 75 T B e A T Ml ek ) I B B B R B . B SR LB 3 I ] DUE AR s Y L & B AR (Tabacco, et al.,

2011; Auerbach and Theobald, 2020) - Moon ( 1983) AYR4EEEIH Z BEEE « FLHEEE & NS B B Elo R & E0 0] DL
TRl A SR B B R - H A G AN BRI RSO At - A ERAVASE S £ W B PN B S RCRAH AT - (HIEHE
—EERAS SR ST ARRAT DUE— Bty - IR o] DIB R TIE R AR i A LAY BT FLORGERIBR 3 -

2 AT B (B R AL I B 3 B B AR At U AR PR s ) - IRl R R BRI R i R B IR E
% (Rotz and Muck, 1994; Ohmomo et al., 2002; Coblentz and Akins, 2018 ) - [HRI| &I IEEEAY E H EELZE E a] DL
AR RIELE - FE 3 4558 - 0 R—3 REAIFF & RTZURRA] > B 7 REHFLAVIEIZ R MR 3 KRG -
VIR - T -

B R 22 231 RAVIREERIAEE S - [t &R REERI R YRR « ARHFZE i P snHE 5 (BT 5T -
#pHEEN R AERI TR E —E R E IS 6 — 8 g PE IR - HEERI(K - BER EIVBEa
AfE (Nath ez al., 2018; Borowski er al., 2021) - BEEME » WBRBEEAE SRRV - BIEEE N NYFLURED
A REE R E A C YR - TEE TS LB B IR AERE » e op UM BI AU - 16 BB AT
B0 SBRHETIRMEM » RIFRE L ZBEsN Bese T - [FIRHEEDBAEAIA - DR ERAEL -

w A

HEH B RAT AR [ R A IR - BIEE < 2mm BY/NFLUS AT RE S B AR R RER - (HANREAE RO R ] P 3
BAEAL (LEN) > AR EIERVER @ FlpE LSRR (L0 - PEgH ) ZIBSHEHIRE I (B H R4
Bl s o ptoh - BHERBREEERIEEF AN - LUK REF RS A HE R E b -

ZEXR

F4PRE - R - BRFER - 2018 - SHEEREETE PR A B M E - |ENTZE 51(4) © 286-292 -

PRFES ~ FATPRE ~ R © 2020 o 3 [ S P RZ 5 R ELHNAKER Sz 2 LR DAY s 2 - BEEIRIT 53(3) © 141-
148 -

PRfGTE ~ B2E5% ~ TRAER O ~ SBEOT ~ S - A5 HE - MG - BIRE - ha - BEEE R - BIEE
F4PRE - BHFES ~ THANE ~ BEFE - TRIFZR © 2019 o IRINFLEL B 7 BN B AU AR (S 5~z A iy S A B i
EHB TR - PREEEEGEIE 48(1) | 1-15.

EIEFR - PR~ IR BUhT5 - EEEE -~ BUETE ~ R4APRE - BiFESA. ~ TRIRZR - 2020 - W ERIF NI~
FEETE - BEFEEZETWE MO TAERB 2 - PSR EEE 4903) 1 197-222.

FHER - EEUE - BOFE - N - MR 0 1995 - FRHEYIB IR - GBAEEGBITEESE 41 5% -
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Abstract

Haylage is an important adjustment method to reduce the interference of climate on hay processing, but the film damage
of haylage during storage is very common and almost unavoidable. Therefore, in this study, a diameter of 90 cm medium-
sized pangola grass haylage was used as the material, and each haylage bale was artificially poked 24 holes (< 2 mm) to
simulate the film damage that usually happened. A total of 16 bales were used to investigate the effect of different reagents,
seal time and storage on the damage rate of these small holes in the haylage. The 3 reagent treatments were control (no
reagent), acetic acid and ammonium propionate. The 4 seal times D0, D1, D3 and D7 were sealed immediately, 1 day, 3 days
and 7 days respectively after poking and reagent treatment. The storage periods were 42, 90 and 231 days after poking. The
results showed that the damage rate of poking holes were different by different treatments. The spoiled percentage of control
was higher than the other two reagent treatments (acetic acid and ammonium propionate). The spoiled percentage increased
as seal time and storage period increased. Generally, the hole was sealed sooner and stored shorter the result was better. Using
acetic acid or ammonium propionate then seal was better than control. After removing the spoiled part, the fermentation
quality of these haylage was still kept at a good level which means the treatments used in this study were effective on haylage

conservation.

Key words: pangola grass, haylage, poking damage, acetic acid, ammonium propionate.
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FRE) R B AT AL ILR A B8 B A

LENREZ X B

3

EEm Y B Y RERY BN RS

Wb HE s 1258 H O H 5 B2 HH : 1124 11 H 24 [

W R

KB B PR ZE AR EA A FIAR AR Pk - B b LR AL AR S MY R L 2 528 - PR L2 RONFL
R ZOBAA ST 10 55 2%y R EEH (Pa) BT FEZEMH (BA) - FEMAH S BnsLd - SR
21 K AERBAAG 0 — 18 RAAMEIER » 28 19 REAMGHE 3 RAETAEUSE - WHNEBE RAREE TR - S
SAEH - P4HEL B 4HAABFREE Rl EA 2,071 K 1,974 {E5EF AR VIV 2 SRR L B (RUS 71T - P 4HEL B 4H
PR S WA YIY HH Bacteroidetes ~ Firmicutes ~ Proteobacteria J. Tenericutes VO{E{EEAE Y 1 & - [HIBEAE PI/E T
& pE ERAH B A B S E AT [E] > Bacteroidetes 1F Ry Sf—1EEARFIE P 4B AR HVHE S EE R 69.81% » =it B
4H 67.22% - P 4051 B 4B A BEE AR AR B E S S = & Fy Prevotella » 5 EE 53 7 Ky 49.45% e 50.38% - DUEHIAR
AHELT 153 734 (principal component analysis, PCA ) DAs¥Adh iz BH4H > 1968 5 (W AR W4E R 72 52 - 45580 PCI
F1PC2 73 BG5S (e AR VIR FAH BB 5 5y 22.16% 1 19.73% < {F PC1 SR EF BRI o = 09 M E Fy Prevotella » M
Pseudobutyrivibrio ~ Kineothrix ~ Butyrivibrio }% Alistipes Rl| 5y PC2 S E S RAEI S 1I4HE - P 4HEL B 4HF B HEA = -
FLAERG® ~ ERER - AR - WEEIPYR - REEMEEREE SREZETZE - B2 > PAHSEATHERK
RIRERTEE (0.98 vs. 0.75 g/100 g of milk ) ZEHZ S B4 (p < 0.05) - &7 FalBpsi R - B AARIHAL BT
BREA A [EI SR AH ECHRE S AR Y L - (EERBIARTE] » IR [FIARARHCE e 2R & RSN AA B B % 0
RV AR B A BT B S R B iR B AE SH A At 2 Bl ZE 490t nT RE i ME FHEL 3]

RHfiEGE - ERRAG HE - REMEY - ARy

&

B PN B8 2 FE PR R SR AT 50 S /e H P B R4 22 — 25 BN 0 G EE Ry 50% o I DAEN T R ] 5
( Digitaria decumbens ) ~ JE4EE. (Acroceras macrum ) ~ 5 E|GAEIVIREE (Pennisetum alopecuroides ) H1E K (Zea
mays) N FORFIF T EOREELY 20 HilE > HEER 40 — 50% @ FEHELIETE S (Medicago) ~ E#HHEZEE (Avena
sativa) ~ E5EEF (Cynodon dactylon) Ryt (TTETREZ BT REESTFHR > 2021) - BENEZ RERS
EFEFEER > FEARPTEEKLERBRE RN  (EEEENEERAEAR - (HLTRAHERA EHVRS -
%It BATE B2 7RI R R S S R BN GREREA A  (ER[E RS 2 SR E R - HEE s H L
REERAE R hORY) - FIHBESCEE BIL A S 2R ety - IR B AR S (5 FH EL & 2 8 e R H
YRR — o FENVEAENRBEEA RATFNEAMRERR - BFEReERHTEEALE - f8E - LA
Y - MEBES ENRERZSEYE  EEFAHRER - FENREE TS BEEN 75% NEZFK - 356
TR AT e84, (neutral detergent fiber, NDF ) &85 » BN EREENFEE F AIHE - R EFEIRE
FLH NDF 498 70% - ELETERZEHY 45% S1R% - A RE MEY R RaV s - B E S bEZERATR -
At R E g B SN RE R (£ 02010) BEEEHEEZE 2 HEHE (crude protein, CP) Bt 484k (acid
detergent fiber, ADF ) &&457 5l Ky 5.9% K 11.0% B2 42% K7 33.2% (§74:) - MiMESEAER S AR ZINK - M
BT ADF #f » Spfifisf S DL s st (2% > 1999) -

(1) e E R T s R 5 56 2772 9% -
(2) B EE\SRAT L&A -
(3) #EA/E#E » E-mail: shwang@mail.tlri.gov.tw
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FLAHR S ] R — (R E ST - B EY R A R R R T R S A Y e R
P eE A= EE MR, (volatile fatty acid, VFA) » BRI ApEEHEE P WE 2 2B AIBEY) - BEMAEYEEIEE
SRS TEEE - MR BRSO ERNMEYRFEEME - HiE - A ERES - MRS L5
R A E > 50 — 70% - RS EKEE (Ruminococcus ) ~ 1 MEI\E & (Butyrivibrio ) ~ L E & (Prevotella) -
AR B (Fibrobacter) ~ FIKEE (Coprococcus) FUNFREHIEE (Porphyromonas) 5 #&{EY)tE - EHERHE
HAEYIRIZ L (85 0 1997) » H SR EE - T BRI E S AE 5 KR 8 5 < FIedlE4H 3 L7228 (Henderson et
al., 2015) - JFH hifEEE 2D 7,000 18 > A4 S AMELUREEEFT (Firmicutes ) JEHRFEFT (Bacteroidetes) Fy
B EEAVER Y o Lt RS 73 A 5 AR 68 K 12.8% » DUFMAEEZ A EEAN A S &
SRR E - HAE 20% B MY AT A H LR ERE (Krause ef al., 2013) o {HITFEAREEE 77 A ViHcio e (i 1S
T E AR SE I R HE R - Wilkinson er al. (2018) FI[FH 16S rRNA ELRIEIE - o 4T T i A= Pt S EAAH i 5T
B B A AUE P (next-generation sequencing, NGS ) #E{T & FHIREEAG 2 (MU AE Y RO S (MAE VIR BE 2 b 98 7]
BEME -

S R IR E P R B P 2 (A VB LRSI E & 5 R fHRE (Jami er al., 2014) - ([HEFERVHEE EE
(relative abundance ) 2 G #ifY » &EEERFPIRVAHE S E EiR S0 - A MTEZREHEEPT N > (tIFA i ER LF- -
Bainbridge et al. (2016) W5Ef5H - EAE - AEABER LI EERE ERUEYIGEEAR - EHsAMEY g
BTE T AR - ALAEEMERECL BETEE (dairy herd improvement, DHI) & & £l FH{# 17 FEEHALT /MRS A (Fourier-
transform infrared spectroscopy, FTIR ) #E{THLE 7347 » WALAERG ~ AEAE ~ AMKREERT > BEERNRMAE
TR AR 2 RIS » R ZHER R - BB Al R B BN FL AR 2 EERIE - BEE FTIR J3frHeify
HuHES o AR IR & B EEEAINE AN, ~ RNERFIAEANER © 5 - P A REAEIRR EEIE - EEEE R B IR
Tt 2 2L B8 - ARG HIRAT & #1 DHI AgoflER & (Gengler er al., 2016) - ARekhs 5 I ARG [H]
AAR R A RN LRI AR S Y AL 2 2 2 R Bk E - BWEMEYEB LR AR T E
w - SRR E SRS B A Pt AT RE A A FE FH LR -

MR TR

AN e AT L&y Frb A 4-2#T - g2 - AaEHE BN ESEEREATILE Y
FrEsmEry e N BRI 111-14 SR EEROETES -
L sy eaE i
AAER AR R 2022 42 10 H = 12 H > A1 RE (Holstein-Friesian ) JRAARIHAFGEAENTTEHEEZES
s EmAT & s Fr > SUEREA K 21 K - shBaBeR 0 — 18 R AEIERH - 25 19 REAMAHEEEREE 3 REHEREE R - &
Epbatant > PkEEEILE FOBALREHEE 2 OBFLAFET 10 55 - @B 0 RdH - SREHEEAE 5 BURALA - o REEEAH
(Pangola hay group, P 4H ) BT %5340 (Bermuda hay group, B 4H ) a4 » BRI ORI BEAZ (28.712.4
B129.0£2.6 kg) ~ IMFLREL (323 £45 81330 £ 41 days) - DAEEEA FEROL 2 FRstER B DAAIGERETT - b3l
FEARE(IE NRC (2001) AAEEEEERB r SE4R & HAE (total mix ration, TMR) - 4H Al EL & 1 Flz S sl &
B EHIEZE  KERO ~ FoRFIT ~ KM FRAIR AT 288k & H ARG 2 > 533l B4 5
00 FC®Y 1/3 EZERET K N 2+ 30 ol 2/3 EAFERET > FCBERYBIR LR R EUEFE 5 — 10% R A4 - 5SPIHE
Bés K it EEZ S EUK IR T & - BRI 2B ER (A254 du ) RoARARL Digitaria J& 2% F A EVEHE UL
TR Ry g EE s BRP JE & 4 P& o UEIHA By 2022 F 6 22 8 H » SeDIEIEMUIEIRGHEZERE (65% 2/K%) >
AR A ETTRIRE 2 57K 10% DU » e U FE B TUE a4 © sl B RZEFERIE K
EE - AR 2 B E R R RER -SRI ER AR | for - B3EF 2 CP - fHA5H5 (Ether extract,
EE) -~ NDF K ADF & 8{F A 4.10% ~ 1.17% ~ 61.37% kK 34.19% ; HE5Z5 > CP ~ EE ~ NDF § ADF & =K%
F59.39% ~ 1.89% ~ 58.10% K7 31.04% o
IL. AL iafsa B #1774
() EABRKIAL  BHIEAMK SRl RER 5:00 BT 4:00 - HALESHCsERFEEAR  Pellniis
19 K2 21 K #HEE 3 RERE[ERFE B AN  Rend&H E T rPAER - AesEainr
dbl& 5y P Ak ba = s b — R LA Y -
(i) ARG AT EEES © BEHFTE FOSS 24H] MilkoScan™ FT' K Fossomatic™ FC #EfT4EFLE 5347 » SHE @A
FLEEARE ~ FUHERER - MR - mASEIYIR - IRES - W50 R AIEHRRAHRSE « W24 Fatty Acid
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Origin HERFIE S HisaH #E T ZLAERRIZ 3 1T -

(iii) Fatty Acid Origin FLAGHHIE /3 HTIE4H R RCE #2 © ¥ U AERIE (de novo fatty acids ) i #i[E Fy C4:0
C6:0 ~ C8:0 ~ C10:0 ~ C12:0 ~ C14:0 Fx C14:1 f5frils ; SEATIFSHHTE (mixed fatty acids) Sl #iE Ky C16:0
K Cl6:1 Bghnlit ; THEIEIERANE (preformed fatty acids ) i dn&E fy C15:0 ~ C17:0 ~ C18:0 ~ C18:1 ~ C18:2 ~
C18:3 ~ C20:0 ~ C20:2 ~ C 22:0 & C24:0 f5Hiil -

1 RIE R R BB T
Table 1. The analysis of Pangola hay and Bermuda hay

Items' Pangola hay” Bermuda hay”
Dry matter, % 91 94
CP, % 4.10 9.39
EE, % 1.17 1.89
NDF, % 61.37 58.10
ADF, % 34.19 31.04

" (%, DM basis)

' CP = Crude protein; EE = Ether extract; NDF = neutral detergent fiber; ADF = Acid detergent fiber.

II. TMR £R45% R oA
PERERIHEE 19 REF 21 K> #4E 3 RERGEH IR SR TMR > B{F -20C » ARG HE 4 K
Bednt% > DL 5S5CHEEZ 48 /B » EFESHZYIE %1% - ik AOAC (1990) JA#ETHZY)E ~ CP K EE 4347 © f{i#8 Van
Soest et al. (1991) J575457%7 ADF K NDF o
IV. & SRR E B
() FEE RS - WidHE B Rkt 10 BH B alBsd i 21 R TR SRR & - PREEFALGIS R Ry B4 8:30 » DAL
AJEE*E oral stomach tubing (OST) B0 EZZEHVRMTEREE < JE B KA ERIEAE (8 FH ATA B /K el %
Ktz » BB REEH - LA O AR ALY 180 — 220 cm 7% » BB E & mE
TS R - TS A &4 250 mL > T7EILL pH f0filET (WTW pH 3310 Germany ) JHIE & S & pH {E
FE& BB RZKP IR - EHTRBER HUE S 50 mL TR ERFHE T -
(i) BE 2 IRERRS AT © FIFHRG3E{LE4 (QlAamp PowerFecal DNA Kit, Qiagen ) {76 'S A1) H 26 JF A A
5 DNA ZZ£H] » DNA EEFH S EEET Qubit 4.0 Fluorometer  ( Thermo Scientific ) 4377 3828 & 1 ng/
ul »
(iil) B HAME LT © 2R 168 BA (VI-VI &) HE 16 S HRE—M:5 [ FHETHENY > WifkiE Pacbio Jit
T2ERF » R fEFH SMRTbell #E{TEBHE T

V. Gt or AT
SREGFTSEE R > (HH QIIME2 [L¥f MAFFT B NCBI #IE[E#E1T ASVs Z NP5 I ERPFILLE o
T o HERCREEI AR AT E 553 734 (principal component analysis, PCA) 1557 (A& - DLaF sl Enp Bl AR S
AR ~ HEEARIS34H - FIIF SAS B (SAS,2002) - B[R ERIEAASR Y EAE R AR T
P8 > WA R 2 EE ST (ANOVA) CLERAARINY 22 > F mean + SD IR DL a = 0.05 Kl@ e
EKAE

e

FEATE —EH AR BRI BLE - SRS R B R B R B R  MAEYIThRE UL ERE R AL AE
Ko YN EEERSHEEE LRFVEMZRR I - SR EHVZYEREENREERNZR (Buxton ef al,
1997) - ERMCEAIE EEER KEEREZ NDF S8 57 A4 By 25% 8140 — 50% : MAARRE M REFER K&
.2 NDF SRS AIKIFy 50% 8170% (Buxton et al., 1995) - MEHERHEY) - K E5EVIFE ZCE S THIE K SLB9HF
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IR AR MR - AN & P SRR R R T I R P it (MeAllister ez al., 1994) - /NFERLABAERH
BN ARTRLH T ERAG D - RE/ NERARZ IR IR - AMNEEMAEYETHE - Sk E S S e
b B LR R - BB R N Y B R RS R

% 2. BitHERBLI e RS R 2 AR S BRIy

Table 2. Ingredients and nutrient composition of the total mixed ration for two groups of experimental lactating cows.

Ingredient items Total mixed ration (%, as DM basis) group'

P B
Corn silage 22.96 22.90
Bermuda hay - 12.96
Pangola hay 12.72 -
Alfalfa hay 14.38 14.34
Concentrate’ 29.31 29.23
Soybean hull 12.72 12.68
Soybean meal, 44% CP 533 5.32
Lipid® 1.58 1.58
Sodium bicarbonate 0.80 0.80
Premix* 0.20 0.20
Total 100 100
Calculated values (%, as DM basis)
DM, % 44 44
CP, % 16.4 17.2
EE, % 3.40 3.50
NDF, % 36.4 34.5
ADF, % 21.9 20.4
NEL’, Mcal/kg 1.52 1.52

' P = Pangola hay group; B =Bermuda hay group.

? Concentrate included ground rice (29.4%), ground corn (29.4%), soybean meal (28.5%), fish meal (3%), molasses (5%), salt
(1.2%), limestone (1%), dicalcium potassium (0.8%), sodium bicarbonate (0.8%), magnesium oxide (0.4%), vitamin premix
(0.03%), and mineral premix (0.02%). (as fed basis).

* Lipid: Energy Booster 100® dry fat supplement contains 98% total fatty acids.

* Each kilogram of premix contains Vit. A, 10,000,000 IU; Vit. D3, 1,600,000 IU; Vit. E, 70,000 IU; Fe, 50g; Cu, 10g; Zn, 40g; I,
0.5g; Se, 0.1g; Co, 0.1g.

* NEL value is calculated according to NRC (2001).

T (1991) ¥4y BILIR EIRGE 2 8 B E LSS R T - BE RSB LR bEE S 15
FE RGN D » B EE RS 50 — 70 ApUElRE - 2F R EIZYIE 8 BB Bet - BUEE R EIERIR
AR EIREZENE - ER - O EEREE - BERHREE R B VENEEIRAE ( 5> 1993) - &5
(2011) FFEEERIET 4SS AR R R A A5 - HIERRER (F25) CP 2810 6.0 £ 68% ; EE&
17 1.8 2 2.0% : NDF £ 8112 73.9 & 74% : ADF S8/ A 433 F 443% - F4h > HEEESEE (85) CP &
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Fig. 1. Effect of different grasses TMR for rumen microbiota of Holstein late lactation milking cows. Each ellipse represents
one group. The overlapping regions between the ellipses represent as the amplicon sequence variants (ASVs) that are
shared between the Pangola hay group (P) and Bermuda hay group (B).
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Fig. 2. Effect of different grasses TMR for major rumen microbiota at the phylum level relative abundance of late lactation

Holstein milking cows.
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Fig. 3. Effect of different grasses TMR for major rumen microbiota at the genus level relative abundance of late lactation
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Fig. 4. Principal component analysis (PCA) plots of rumen bacterial communities between Pangola hay group (P) or Bermuda
hay group (B) TMR.
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Table 3. Effect of different grasses TMR for milk composition of Holstein late lactation milking cows.

Groups'
Item P (n*=5) B (n=75) p-value
Milk yield, kg/d 29.58 £2.90 28.28 £2.46 0.59
Milk composition
Fat, % 4.14%1.55 3.55+0.31 0.07
Crude protein, % 3.2410.30 3.481+0.35 0.95
Lactose, % 4.7210.23 4.9110.54 0.08
Solid not-fat, % 8.6710.42 9.011£0.34 0.63
Urea nitrogen, mg/dL 13.78 +2.04 14.53+4.16 0.30
Citric acid, mg/dL 15521 141 £27 0.76

Mean * standard deviation.
' P = Pangola hay group; B = hay group.

? n = number of cows.
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Table 4. Effect of different grasses TMR for milk fatty acids composition of Holstein late lactation milking cows.

Groups'
Item P (n*=5) B (n=5) p-value
Total saturated fatty acid, % 290%1.30 2.2710.23 0.06
Total unsaturated fatty acid, % 1.01£0.30 0.98£0.13 0.33
De novo fatty acid *, % 0.98 £0.44 0.75£0.06 <0.05
Mixed fatty acid, % 1.55+0.57 1.33%£0.10 0.06
Preformed fatty acid, % 1.361£0.44 1.23£0.15 0.20

Mean  standard deviation.

' P = Pangola hay group; B= Bermuda hay group.

* n = number of cows.

* De novo fatty acid (C4:0, C6:0, C8:0, C10:0, C12:0, C14:0 and C14:1), mixed fatty acid (C16 and C16:1), preformed fatty
acid (C15:0, C17:0, C18:0, C18:1, C18:2, C18:3, C20:0, C20:2, C 22:0 and C24:0).
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Abstract

The objective of this was to compare the milking cow's microbiota profiles and milk composition by feeding different
forage total mix rations. A total of 10 late lactation milking cows with similar milk production and lactation days were
selected, and five lactating cows were in each Pangola hay (P) or Bermuda hay (B) group. In the experimental period, cows
were pre-fed for 18 days. Milk samples were collected in the last three days, and rumen fluid samples were only collected
at the end of the experimental period. The results showed 2,071 and 1,974 DNA barcoding of unique microbial species
in the rumen of dairy cows in groups P and B, respectively, and between different treatment groups. At the phylum level,
the rumen microorganisms of the P and B groups were dominated by four dominant bacteria, including Bacteroidetes,
Firmicutes, Proteobacteria, and Tenericutes. Nevertheless, the relative abundance of the dominant phylum in the samples of
the two treatment groups was different. The relative abundance of Bacteroides as the first dominant phylum in the samples
of group P was 69.81%, which was higher than that of 67.22% in group B. The genus with the highest relative abundance
in group P and B cattle samples was Prevotella, accounting for 49.45% and 50.38%, respectively. PCA analysis indicated
that Prevotella was the major bacteria with higher contributions to variability, Pseudobutyrivibrio, Kineothrix, Butyrivibrio,
and Alistipes were major contributors to PC2 variability. No significant differences existed between groups P and B of milk
yield, fat, protein, lactose, solids not-fat, urea nitrogen, and citric acid content. However, the content of de novo fatty acids
(0.98 vs. 0.75 g/100 g of milk) in the milk of group P was significantly higher than that of group B (p < 0.05). To summarize
the results, the composition of rumen microbiota in milking cows fed with different ration compositions was similar, but the
proportions differed. Understanding the changes in rumen core microbial composition and milk composition of milking cows
with different forage complete mixed diets will help to develop the most suitable ratio of domestic forage that is stable in the

rumen and capable of utilizing production capacity.
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TERECRE AR EEE N SRR RIS s Ry 2 (Burhans eral., 2022) -

REREEGZER BV S (1) 2AGHERIES A ST BRI PRI - (2) PRETEHE AL ECEHIRREAIAERE
FERE > WEEH (3) BB BB ER S - K& (4) BiPptEut BRI K4 -

I BZUOH4ENeE

BB E UIRGIFERHEEL - 08 FEDRE SR EIRERE - SUSEIIE HAYRS ES R 20

TR EN YRR E B RAVEE JT P RE & 2 B4 (Dikmen and Hansen, 2009) - 228 aa Ay VU{E T 2IRIE R Z 2

|

(1) B R PThFT R S 2 2773 9% -
Q) T E AT e -

(3) BT BRI £ o

(4) #EEWEZ > E-mail: ycl2019@nchu.edu.tw



125 RN T A AR AR BCP I TR, - [T

HZERORE ~ JRIE ~ SRS 22 Rois) - 5 SRR R IRIIREE S R B2 P & (thermal neutral zone ) HYJR & #[E] -
B R B A A A 2B (heat stress ) ( Buffington ef al., 1981; Dikmen and Hansen, 2009 ) -~ {FRZE IR H
JEMELL R AL RAGRNT - B LUR MR - LA BET DR SR EPR Ry 25 2 26°C (Berman er al., 1985; Kadzere et
al,2002) -

P8I » BAEOBEE IR IR S5 EAV A IE - I RFEEYEEAE - 287 (heat load) —FaHI4E
& TEYIERR R Z IR R EY)RY R EE (Hahn, 1999) - LLEEENVENA B0 (7 S S HE I EY) RV BT (Lees
etal,2019) (fE1) - BN EEAGREEEE - BHEAEE FZE AR FIFE (Nordlund ef al., 2019) 1T
R4 FEE T S LEE - FTLEFRVEGHIIEIE (Lees eral., 2019) -

L 2B ERNE A RIIRZES RS T - BiERRRED R EE R - BIRNTE SRR - RY - BUf
HI#E 2 ( Dikmen and Hansen, 2009 ) ; B147){EEE R Z 62 infE ( Carvalho ef al., 2018 ) ~ FEEZHIFE ( Gebremedhin
and Wu, 1998 ) ~ A FEIEESF (Kovacs et al., 2020) ~ {#EEHIRAE (Gaughan ef al., 2008 ) ~ #EFEME (Hammami et
al.,2013) BAFEZEA ( Gebremedhin et al., 2008 ) HIEy L 2ER BN E 1] 5 BRI ERAY HIFE (West, 1999) -~ [#
JniEE (Levitet al., 2021) DURFGEHRRE (Gaughan er al., 2008) &g BA-E R -

Fig. 1. Factors influencing the internal heat load of cattle encompass environmental factors, individual animal characteristics,
and husbandry management. Environmental factors include ambient temperature, humidity, wind speed, and radiant
heat (Dikmen and Hansen, 2009). Individual animal characteristics comprise breed (Carvalho et al., 2018), fur type
(Gebremedhin and Wu, 1998), production stage (Kovacs et al., 2020), health status (Gaughan et al., 2008), adaptability
(Hammami et al., 2013), and fur color (Gebremedhin et al., 2008), all of which can influence the heat load. Additionally,
feed management (West, 1999), cooling measures (Levit ef al., 2021), and litter conditions (Gaughan et al., 2008) of
husbandry management can impact the heat load of cattle.

LA TE R BRAT 38.3 22 38.9°C 2] (Sjaastad er al., 2010) - EIREBOREHUREFREM IR - HAERAEE
RIHIRZ G gl (West, 2003) - fEEAVEEIAR - RGEWYEBSTERE > B EEEEFEMAEEL > DL
UEFFIEH #SE (Bernabucci ef al., 2010) o E4EAR G HFIERE TS RAVEVE IR NG - S0 EBERB 2
REEN > (e afEpi B aniVNIE (Burhans er al., 2022) - EFERIRE 2 CHA TREESE (Sjaastad er al., 2010) -
BEGERVERR L K ENYIRE N 2 2 DI PRI St - B B ARE A - A IRERV MUK pH E A1 S B8 = i A 4 5
(Burhans et al., 2022 ) » FE AR BGEEMNEIUE “FRARKMIET (Lim, 2018) - ZAFMW K HFEGHSHER
B FE AR AR A L LA R A N B E AR SR HY S M BVUTIERDS R N B RIE - £/65EF - BUIIEN 25 RIE
% o IR E DB HVEVECEIRES - FER —E G ETIRE RERIENIET » SEFTAEY—IESET (Burhans
etal.,2022) -
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FofESTRGHEINAVEL » AFEE&7H —HHLERRE - Polsky and von Keyserlingk (2017) jif A4 B A EUEIREEH R IE -
REERAT R AR R - (T R NERIERIIPOKE ~ B RB ENSNE PR RN - FHF2RE « B TSERIE I
UEITHFETS § AR E I ME LRI IR ~ T AR R AL B « AT B GO s e A A s a2
A BRI B AT Ry S ME B A R R FESE A T -

() 1T IE
I RefEE

BGOSR B (Hahn, 1999) - 36 HIR/VHZY/E B & & (dry matter intake, DMI)  (West,
2003) > DMI NERYSERE AR T (Spiers e al., 2004)  E3ER ~ MR TEERIERERE - Hb—
EFrEEBRHE - st DMIEMFEEALNCR (West, 2003) - FAVEUHIRET [ DMI MEZLARER > Wi
[ DMI 2 AL 4R OB R AV EE T2 BES (Lees et al,, 2019) - 287 > ZAEAAEL(E DMI 5/ 5 AL 2 iEHY

35% > HAtl A TR EAHEEZ(EAR  (Rhoads ef al., 2009) - {UHE LA & NS 22 1E IR DHE T 02
AR EEITEC - IR G AL AT & HESET (Bernabucci e al.,, 2010) ~ZANEUAIRNFR TS RE R AT 2 -
AR B ERS M RE B I SR R R B I T ] > RERRERELIZABEIEHE = (Lees et al, 2019) - £
BT RHEREEFRKARAGIRL T - S48 S H Ak F Rl PR -

FE Spiers et al. (2004) REFFEOEIEAHERT > DMIEREORETHE &S | REIZEHDH] - {5 DML A &
WRIRFBEAEFIREE A ATIRIE (Spiers et al,, 2018) - JREIA GEA FEEM SRR AEKFEIIHREER - &I
AEUOIRET T > DMI RERUVER S AL HER QPEHREE > 2FUHE HE(ERAYAERERFT  (body condition
score, BCS) (Rhoads et al., 2009) = Jy T 4EfRf 7L/ EE AL B RIS DML T - [0 RIE nks kA i H i

MREE R B/ DAV H AR 2 A REES  (Renaudeau et al., 2012) -
2. gk
I B &8 T BN YIRE N /K 3 2k ALARERESEIRGE T /KA E & 7+ (Hahn, 1999) > &HE LT 1C >

FUKEIINLY 1.2 AFF (West, 2003) - HEBERAZAE R T » B0 UGS #2405 [REAVREHIREEIG] > &
TEIE /KGRI EVE IR KX (Ganong, 2005) - 7K EEEUR B GBI ZVEHESEN AV #ERE  (Burhans er al.,
2022) o
3. HHEAT Y

VST R R DAL AR R T B2 — > Allen et al. (2015) WHFE3EIR » FLAFERAEGEHART S InvE ISR » [H
BE Rk DB BN > uET7 o DUEE LA S SR AEER BN ZE R - IE S BRI S E T 2481 - EEAEA
FERERANN - S5 H BREARE TRV D - (2 H SEREAECN & IR SR 2L (Zahner er al., 2004) - YETLEE/N
FF o] DB/ D EER 0.25 £ 0.03°C > EEARTE 8 IR0 0.5 £ 0.02°C > FEZE THI L7 BEARS hIse m ) 25t e s
(Nordlund ef al., 2019 ) -
4. HAth1T

Schiitz et al. (2010) WIFREIRN - FHEEZER T » ZVBGHERE Eriv 4S8 5 8 (aggressive interactions )
W hnpzs2 EfER AR A R0 VI B O 8 o ARG EIRR - & TEEHORIRAYLTT - I EFERIIIZE (Tresoldi
et al., 2016) - FEEPNAHBEKER - 48 B2 FUR S AR EE(RAY &2 Wk e g AR S (Chen er al.,
2015) - NEEEMEENAFTESERENT RRE  KEd R ES T AR Y ESS (P <0.05) » 24
i fitsm & B R WA -~ FEALE RIS T BEE N 2T THIE (Pilatti ef al., 2019) © [LAh > TEEEVE
EIBEY - #EEIUSEIEOY IR R e S5 NI RENTERTE N E (Polsky er al., 2017) - FEE
HEVEOE 2 T R FEAHRIMTFT 0 1 -

(i) ZEFE S IE
LB~ HOTERE
TR R BN E BSOS N RBL L AW 2 H £ FE (Lees er al., 2019) » HiTHEEZERHEIATZA

SE(E RIS > AN SR o BN 7Ky PLZESRHIIE SR BE A 7 (Gebremedhin ez al., 2008)  E PTG A
Je ABRAE IR AR LORE RS - P4 & G ol i g inn i 2N R/ D e 22 U BCIE# R (Silanikove, 2000) - [
EmfETH R AR EFF (Spiers et al., 2004; Li et al., 2020) - {£3RBVNIRZERAVERBEFR(T T - HZRAGRSLE (Bl
K ~ SRR SR ) §94 - IR AT R BRI F A S S AEA (Tresoldi et al., 2016) ° {H7Z Zhou et
al. (2023) WFFE3EE - WP ATE RN ZERLE N A AR TGN - MINMZEEE F Sk B HIT - HiTiE

FRAEZE AR R, » PR T ] DLRHR B2 - i 005 [REBOTAVEDR I - (B2 BT i il
BEGIRRE T - tIT AR o] DUR DAY B E RS A HRIR (Burhans ez al., 2022) -

BT PRSI B S R IR RO 2 IERIH (Bouraoui ef al, 2002) - THI A
1 68 SHANE] 78 15 - BIZEEVEIBE RN 0.5C » LBRAIMERGEAHIEE S i) BN 6 R 5 K - 3 SN
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FERNENELORE B - e g R (Spiers et al., 2004; Mader et al., 2006; Zhou et al., 2022 ) FIEGEE (Allen
etal., 2015; Zhou et al., 2022) EFf ° Lietal. (2020) BHZE853H » IR AT E GRS 2 MR F 58y
FEREME - SRR HOR A S S 0 4.8 X > SEHERGRE RGN 0.1° C » 1l 58 4 B S FE RS JIRny BVEHER B »
FITiEt R ERG R By 38.6° C ~ SERgUTIR SRRl 2 B 57§ 48 2K -

EAFEARS GRS > AN EERELT « W DU EERREE  (Burhans ef al., 2022) - {HEAMALLBE
HAR - R ERE S N EER RN R E RN EE SR FEEHE (Garcia er al., 2020) - BEFTEARE L
FEPSEY B E AL BN 22 S R E (Gaughan er al., 2008) & ERENVAEERIR - HIAEEESHERTRITEESR
BWEdE (P <0.05) (Pilatti e al., 2019) - [ S 7E A4S 8GR S E B PR RESS (Purwanto ef al.,
1990) - MANERDREEZMARE (day in milk, DIM ) BEAT2ZH8 T (Bewley er al., 2008 ) -« 4~E2 ¥ EEL
EZ I~ Bk~ B R RRCRE R FEMR RIS 2 -

2. mR41b

WFE LBl 17 R I T 08 P 4 SR S T 7 I R AT PRS B- ( Tresolldi er al., 2016) » 55— & B 2P 28 » ELFEIFIR AR
RIMATE R E R 55 ZFRELRANZ PR AR o MRS RRET - {1y o] B B o Nk 2RI /AT Fy - (HEE4G
PR 2R AHEL > PRI R AR AR > TR EM A B 2888240 > BEAMIIE T CO, SRS RN E BT Mg 5

(Burhans et al., 2022) > ST MRS 830 R G AE 4 IR R T AVEIE IR R By NI Y L (Schneider e al.,
1988) - [ pH 1B fm A REE T &R E EHEE P S8 (HCO,-) DAGERFIMIK pH (B E » B AREMEAH
YERgH 3 (Burhans er al., 2022) - EfEREHHE - @ ENEERIERL M EAAFRE pH BIVERE(L o TR
BN pH EFE » ARIEE S IR RS B pH EEF(K (Schneider e al., 1988) o (EERE 52 e —
R E R > FBIE pH E FFEA DMI R RIFAEIEARE (Zimpel ef al., 2018)

I Of R B e B B e i 22 L > i T S B P E M R - TR 4 b KREM KT (Kadzere et al.,
2002) o TR KBS R S A BN R R RS G o 10 Na™ fERAENARR T A& E i fR R
HERBEHASSS (Burhans er al., 2022) - Hiusg & 7 HRIMURFAIEE pH ER HCO,- » R ANIE T H
Mg PR -

SRR O] RERE K T MR ENEAIRIR N AL S INAOKE |, o (HEPEETIII - W RELRUE S R K 3 7
BRI RIESR - DURAERIERRI/K 48 » B e SR/ S B 8 - —HEKER B LUER /K318
FEFAERIK s BKgHMATEEESTE > [T BEGHNThREERN - FIRFIEIYIVEDRSRETRE S - —fE %
i T BB EESENE RS (Burhans ef al., 2022) -

FUAEEEEIZEIG T - SNIR WS [E 2 7% slEE SR SR VRN EE » IR 2808
{EBIR W% (Silanikove, 2000) - &R ERFIBIVAE S ~ FEEMIEHE S/ g > NMESEE(EEH
FOERHTIIREIE S » BE G e E RIEN FEREE MR (Bernabucci e al., 2010) ©

2 MR A B E IR Ry BB BVEATE S B N 8 (Koubkova er al., 2002) - 41 © &Z25@CHREHE 187 C 84
F]32°CHf > MEAED (albumin) FIfHFRZEE (blood urea nitrogen, BUN ) &8l ~ 5 7 FLA-HY PN fir i s R
#F4EY  (alanine transaminase, ALT ) JEMEREE 22 FORE B I FEAK o 2WEEVIHAMR R S EE & - AL

(hematocrit, Het) FI48ZEH'E (total protein, TP) {EHEE L7t > &AM L IRE FA-& PR T -

B T MR AEALES - BB EYRTEEH (heat shock protein, HSP) & FEZVEAM MG N » H05> HSP & (re& 4 A
NZGE > FlnBEaT  bFLF LIRS HSP70 & L7t > X HEA T REARME 2 ZEEE (Huer al,
2016) -

3. BJH
B E TR RCERY A E AR - PAEHIRETE (AR (Polsky and von Keyserlingk, 2017) -~ #4E2i0

E AN D EAHEERE > LHEEAE RIS BV 2 20HRAVE Z (Baruselli ef al., 2020) - &
IREORENE 29.7 C =5 33.9° C 1& » BHRECHENZH2%0E 25% TFEE] 7% (Cavestany ef al., 1985) - TEZFEL
BUHE R 2 2R N RIS 20 2 30% (De Rensis and Scaramuzzi, 2003 ) - & Z34 THI 2 73 DL F > SZiGREE

7€ 31% TREE 12% » fisma o mE 2o - A EAREAE e A A E - MEcHER 21 K27 1 KA
BN BB B K (Schilller et al., 2014) - A T##HE (Artificial insemination, A1) & KA E RS R IE

e TEIEIE o E ALIHERRE SR 39.1 C B - 55 60 REYZZLRAE 21% TIEEF] 15% (Pereira er al., 2013) -
B ESRR MEGEECZERN - W EEHE RNt T - EREAEOHIROLIL TS L ERER N RIER I ERR S
ZHER S B P BATAVAE T th G IBEIE(K (Baruselli ef al., 2020) - FEFRSRION T35 5 2 T ON BRI E B S AR
HEUIHEATIARE (Roth, 2017) -

11 IRBEEIRAEY) 2 28

EER LR (IREER) PR 2R BRI A S REie ft T A EEREN > (HiEmEEHE
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TERHE A ES R RIAHEARUIERE > A0 BB " IFRR e R (e R RIRVRR (R — & A
(Bewley et al., 2008) - FHEIREIIEIE » IREEN O DUE B EROGE 48 SR ES > W B IS IR RS -
FE S BERIREIRIIAS > T DME R S A R EERE RVEE > Br T BEURIEBRSN > 20 DU E R RS o
KRR BFEREE RIS DEE PRET - s (1) E—IREHEA - (2) WEEREEE - (3) BIRHERERED K (4)
RS E A -
() H—EREHEE
1. JRE

i fE N BAE AR B AT — BT o BEARFE BT ERRIRIE By 25 22 26°C » AT EREIR J& Ik 2R
TR EEREHRET 19 2 26" C VPR B HER (Zhou et al., 2022) < RZEIENT » BEEREAHS
MRS ~ ERERIE ~ BeFOREH & T (Gaughan et al., 2008; Li ef al., 2020) » FLAYIFIR AN T 2
FEE RS hnmEg o - R AL AEAS 2 MV Z B K (Zhou et al., 2023 ) -

REOREMEZE BRSPS ERa g EEAE (Chen eral, 2013) - MG I4-ERL
T7HEE (Zahner e al., 2004) o EEEORE S| 25 2 27°C B - DMIBa4A NF &SRR 20C EFFE]29°C B >
FARIEAERK T 23% (Spiers et al., 2004) - {H2 » DMI B4 T FAVIREDR S~ HESERAIAHR R 2 - Bl
WO E ETE - FRIERGIE R HfE DMI T st (Beede and Collier, 1986) -

2. RE

BN 2 W TR RO S A B R RS R R AHRH - (HE S ERIAEEEEIRIE (relative humidity, RH) St
90% HYERES - BRI EEN A2 nfEHIEE E - Shiao ef al. (2011) WFZEEEIH » AF(FEET/KELSFL
FMERERIBES - BERRE - fRE 2 ONA S LR = RER (% THIBoKEESS ) 4R
HIFR Ry @S INGIFRVZAREN » BEFERAE BTG » RECESEMERER S THI
FEEHE > [HEEEE AR SIS - T2 R BEE R B E R (Kennedy, 1995) » {54
FEMEMAARRE T » A EHTEPEEE T % (Gebremedhin ef al., 2008) - “NELISL » RH FIEZ SR HHVZ25 8535 2 BT
TR LR A » (R EE RH B ERE » &35 5a0oh30 e isy ( Gebremedhin and Wu, 1998; Gebremedhin ef al., 2008 ) -
EREGRIRET T S RS REHIH LA ie 3 BN % - B e RS IRIEA R ENNURERITHEASRE

(Zhou et al., 2023 ) -

Zhou et al. (2022) WF5TE83E » RH S5 2 m i LA HNEI %R ~ EREGRERULALMERE - BEERE L7 £
BEESRE (60 —90%) BIET - TREAVIEERT (45 — 70%) ~ 1K (30 — 50%) JR/EIREIHE (Burhans
etal.,2022; Zhou et al., 2022 ) » INFAIMEREMIALE A E IR EEZEE/) (Zhou et al., 2022) -

3. ZEROREIRE (JEZE)
R7 8 HY 75 5% /% Al 2 BAER IR TP BV E TR 4R PR I Y 1 A S 2R S8 S Al ME F g e R A BY 0 — 20 1 e
( Gebremedhin and Wu, 1998; Gebremedhin et al., 2008) - K [&] 4~ fdi ¥t J&| #E A9 2 FE t °K [6] » Gebremedhin et
al. (2008 ) T3S » EURES B @AY RS Rl AEEREGRREE (0.1 m/s) AYRSFRRERIE R R
EEHEEEE T (1.0m/s) ~ 5 (1.5 m/s) FEUEIERES (Zhouetal., 2022) -

o 71 SR A 2 S P SR PR LA BLATET » LAARER 2 1% > B S I 2R R A SRR B T R bt
5 INBIEAE TR R RS F (Tresoldi er al., 2018a) - ffi] ELMOA %W JE Y B2 7] DUAE R AR A8 R AV Fr G ]
EARBRPNE 6 1.3 L REWEREZREN 1 m/s > T R0R IR IE(E LU T4 27 538% (Chen et
al.,2015) o
4. HEHEL

FEERE ~ JREFEE - g A ERENHEEE D - RTASSZEASEEE S FE TR
BT g EEmERE (Tresoldi er al., 2016) > KiER/ VIS FE 4 SN E » RItTRSHAEFIRESTH
BB A4 - Gebremedhin er al. (2008) 75853 - FEE KIGHES M » A ERRE 7 i HEEHN g
B ERERILECR » EEEHT B 600 W/m® BF 0 RS RAVAEBUECR B E (KA RS VIR ST o B EVEaREE
B - ARASHE S B FL AR SHERRIIE 1T R @ H B 722 (Provolo and Riva, 2009) -

(i) #HERIERE SR
1. {#%: THI 4515

NRC (1971) 9 THI 5+E AR H AT N4 E 55 ZVE8HI5EE - (5141 Bouraoui e al. (2002) #7353
& THIZ 69 D\ E L EEIFAREE T - 1 TR DA B vk Ol A =R > THISRS 0 1 AL - L8 T F%0.41
NFE 5 R ER T > R0 1 (& THI B4y > ALAFUETZAYBSREIE 0 0.14% » 1755 ~ BEENFISZ 81T B ERE 47 51
Ji/ 0.30 ~ 0.04 1 0.70% ( Morales-Pifieyraa et al., 2022 ) ; &<Exts THI &34 00 1 {EEEAL » A4 EARFE]
/1 18.1 434% (Nordlund ef al., 2019) - & THI K> 68 1% » BYEA\AERG A & /) (Heinicke er al., 2018) - ilE
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= THI L7t > EEPRRE - SRR RFIZL iy B BB & 7 (Zahner ef al., 2004) -

Armstrong (1994) fEHUREIREIEHEEAEBEARE /T4 - 32 87 AR Z ARG A0 R E
f2F% (Dikmen and Hansen, 2009) - {F Armstrong (1994) HY4PEE R » & THI < 72 B34 B4eTEAYMEVELAIR
B8 5 72 < THI < 78 EEREEESGH 5 78 < THI < 89 AhfEEELH ; 89 < THI < 99 AEEEESH ; s THI >
99 Blgr tHERSET - THI $5AEFTH MEAYENVE A2 S 0] DU 2R e VA B AR 2L AR Y AR BB T Ry e 88 > (Bil°& THI ZE 5
69 DL I > AL.ERAMA TF% (Bouraoui ef al., 2002) - [fij&E THI 2 72 DL EWF - TS fBHEE > THI 225 80 SLL &
FLE TR T 23% # 28% - it AYE H 745 THI ¢ 68.5 # 1% 79.0 » 94 H MBS RITE AR 9.5 /NER R V21
K 6.2 /NIF (Nordlund et al., 2019) -

£ THHEIR VIR - B LN 2 & 5 IHE (Polsky and von Keyserlingk, 2017) - [h4k » B
FA[E—ff& THI A > fEREIRVIASCEREE T & (A FIRVEVEATEE 735 » 140 De Rensis e al. (2015) j£ THI <
68 TEF Ry FLAHEVERRE 2 F) - 1F THI Fy 68 %2 74 BFEIEL SRV ENE PR » & THI 2 75 I - AEEMEREE =
BN CGEA T —(EEREIEEE) -

2N THI GEFEREFL 4 ERGR S HYEAL - H THI 2IRBRESEHIER - @EIHS2 54 E8A (Dikmen
and Hansen, 2009) - [ffj -~ [G] e THI A =05 [G] Y082 & B2 300 & I LL 2 > m] DU R MR R (R By BRI R 1

(Bohmanova et al., 2007 ) - {45 THI A= > JRFEECEEFRGREA - Rliit THI S S0 BLES R oY TRHE S8 S 7
JEENEZER B (Dikmen and Hansen, 2009 ) o SjAR[ELEEBLZELLER THI 24 > Bohmanova et al. (2007)
DIEAEE NSRS SRS SHUIE L RDREREERRHY THI A=UERF SRR - MRS REEERKAY THI
AR HEERE SR EIE -

2. HAh#E GAIEHE

bR T EGORE BRI A AN - GG EEARRA B S e TR AR - I R R BB A BB (T 5T -
fil40 Gaughan er al. (2008) DAl R FEEF R EHEHIIT RHIEHRE - $1¥ 17,560 ERFRBANRAGIRE » 458
JEVRELEE ST I3 Y heat load index (HLI) A - &R - 4E &80 /KaY &8 HLI AHRER M & 72 THI

(Garcia et al., 2020) -

Hammami et al. (2013) DL ¥ & B4 55 4 B 88 (0 70 A S R SR A VRO A2 B AV IR SR 45 1% - BL 6 THI (NRC,
1971) ~ adjusted THI ( THIadj; (Mader et al., 2006) ) ~ HLI (Gaughan ef al., 2008) ) -~ equivalent temperature
index (ETI; (Baeta et al., 1987) ) -~ environmental stress index (ESI; (Moran ef al., 2001) ) ~ comprehensive
climate index (CCI; (Mader et al., 2010) ) » Hh THIadj ~ HLI ~ ETI f1 CCI A =UE& E# » i THIadj ~ HLI
ESI fl CCI AN B ZHRETEL - NEFE IS A SRR LA AR S HREBE - S5—(piF9eLhE T THI ~ ETI A1
predicted respiratory rate (PRR) =FEIRIFHESIEM » —fEIEAENELB LA AURE 2 1EAHRE - {2 PRR REETE Fy
HAARERZAEERTEE (Carvalho et al., 2018) -

HRIREEE S A E BN R EGER G - BT AV RRE GRS, - AR E ST IR il —
ROTEEME » HREATFAM A S A E (Li ef al., 2020) - G40 © BLERGR A i EREG Y R B > 2 DL
HZERORPER RH 0 743 A ( Dikmen and Hansen, 2009) © Li er al. (2020) W95853 - 45 EFALE - i
ECRIEREER EHY — X718 TR IR 80A ST AV RERERE /T - BB IR A e sa g ny Al
AR IREOAY - RH - FUE - IR EAEH A B E S L BRI = R 76 ~ 3~ 5~
8 1 8% o {E55—(EA = MR I A » FTDEHR M EIRE T - BEREH 1.7 m/s 7] DURE R 03800
0.1C -

(iii) BRI SRR (E

REME 2 B AR Ss E FAE S LA FER(AY(E - Heinicke et al. (2018) & THI 3¢5 X {H ~ AT RES & Y (H
ARFEDRE 7 BB T B AR I ER AR - DR EHE AR (Akaike information criterion 5 AIC)  ( Akaike, 1974)
SPRHA R/ MERVE B SRR - Il Fax A FEETRERY X (B BRIE - & X BhERE D - - FrEfEry
Y $liE R —RERRIRE(L - DL AIC $EHCETEE 3 HT » Heinicke ef al. (2018) Z¥FGHEATT FAY THI RR{E f 67 » H4h
SREL Allen e al. (2015) BA5TH THI 2% 68 DL A A-BE VL ELBIREZE 1 Ay 45 5L AEDL -

Hammami et al. (2013) DAFLE - FLECTFIRSAA MR HEE » EhEONTEA R E SRR 2 NEARERY
A& HIVALERME - AT EALN T - A SNt AR ERREE -

A THI EZHPORAHEAYEVEATERE - (HEVY ~ an2VE Rt oS R IEGR I TR REE A A [HE
F{E (Hammami et al., 2013) - SEE F - #EFR Armstrong  (1994) FHEHUR SR E SO EF S HEOEREE
& THI 22 72 DL EA @A 20808 » (HEF 2098 B » RIS(ESA A SARE ST BB - "TREmE{h TR
RHYEVEHRR{E - (140 © Bouraoui et al. (2002) BT8R E THI 2 69 DL F » AL EHE NE - WIFEP AT
Hammami et al. (2013) B55283R » & THI 62 DL b > ILEFLUOREZRE T  EifdiE 65 0y THI FE{EE - i85
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SRIERIER NN > & THI 2 70 DLREE » i 8500 & s — 20340 (Ammer er al., 2016) - BE—¥5fEJ7TH > Li et
al. (2020) W7EEEER - EIREDOREEE 20.4° C DL E > ERPRE LN ERYZREIE N - E0REIEFMEL (Zhou ef al.,
2022) BFERVEREEDRE 197 C DL SRR A AR B0, - HR(ER 25°C - 4~ SR Ea R & R (E 2 AHRATH 5T
W3 -

S EVEERERY TR S ¢ SREREM IR B AR RZEVRE TRV A4S (40 THI A HLID) - Haa s gl
AL AAAFTRE - HICGR AR ERS B g o B B BURLM: - Pl AR R A TIMEES 5 /N
AR AR THI RR{E F 82 ~ He0 THI BE{E Ry 88 (Kovacs et al., 2020) - b AFIRE S EEF2% - BRIEEZ A -
BRI B AL F R 2 & 2 R E - Gaughan er al. (2008) WFE 3B R4S - W@ 580y
HLI BEARIE > NMERE4- SR EERIERE  MEEhigIRR R R EAaERE - BERH g g
1B B PIR RAR RS L Y R (PP S TR BRI R R B ORI T R (Zhou er al., 2022) » R4 AE
HIHRRERVA B TE - I FORE (Zhou et al., 2022) - iSSbERHAGEE - BHADIIRRISIEIE RSO RERE
& 2 —(EEE H A RETERN 7388 (Burhans e al., 2022) » {ERSEEAEIREEERE » I 28721 52 (LHA
ESZ
(iv) fERE4S G R LSy 28

HEERBRIRIE R T EBEA MG R4S ES - T DT RBIIRIE - eSS R E B ERH - R T 55
—EHE SR E R TRV T2

Gaughan et al. (2008 ) FF7E17 HLI AY[E]F » 2777 accumulated heat load (AHL ) fE%] > HRERFEE IR ERRE
FOIFFEIFRETER - BREEE T HLI K 86 F » AHL AJRE/NA 15 [ » BREEE T HLI /A 70 BF » AHL AJRERTR
50 o £ 5 HLI 4E AHL ~ BG2AE HLI 45 AHL BYARGCT » & o] DURL S A& @ g hn - Ml A L AHL H#x
EHVMERAN: - BT LLE B AR R S AR TR 2 R S - MIEREWIERT - TEREDRERE S R E PR
S R > T AR EHEOREREE T AR R R A H A &R AE & (FESE > 2009; Li et al., 2020) -
FEAh - BRNIEREE THI EFH1zBl 7 (Chen et al., 2013) - [2H #E/NFAVIER - EEEERMEA 28 S
{6 (Allen et al., 2015; Li et al., 2020) - K[t » AR FE RGN RAVEZE - AHIEE RN AT RE &R AL

(Gaughan et al., 2008 ) -

WIS BT RARE » - FHERT—RREBAVEL > (155 K HLIBEE % (Gaughan et al., 2008) - Spiers et
al. (2018) WHTa8EL - IRAAIREBRALEVEOEIRIE T » JAIFR (3 X)) AREeEVUNAEH GV - (HEEIRE
B R (72 10R) > IREEZHEFEFRY - HE2LAEFILEREREFEHFRL » REF—XIwALL
Ky EE o IRAN > FEFLE PSS 0 KA THI S Re 2 - (HELFT = KAy THI 2 8E 4 ER (% (Morales-Pifieyraa ef al.,
2022) - EEERIIREAIREFEAVREAR -

F 7 S NG S B R Y VA FE » Heinicke er al. (2018 ) HEH VA fERF4EIFE] (heat load duration; HLD ) AV
BE > Kre BRI E R ZET I E 28 f HLD » 63 WAL AT B3l - IH9T4E R38R » {F THI 68 LU T HYERER
BIfsE H P35 THI AHE - 5 HAEENARF g BE=E HLD 8§kt - SR dsmsE - PESRER AT -

TIL. 0% fre e S5 S

PEE RIEB B LIRS R TS (Lee ef al., 2023) » BMEMRSRISTE BHUEE A P EEMAKES - F
HH Ryl VERVESH T AL AP B R A E T e S T, - TEEE, DUk TEEERE ) =HE (Beede

and Collier, 1986) < [fij Lees et al., (2019) HIFRHARMIAY " faspabitsg , ~ T ERAHEHE ) DU " @8 H |, =J7m -
Horp B B R P G B b R DRI R TP KAV BV (e R - AT BRI IER SRS 0 By - (1) 1%
Hig - HEREuEES TEEH ) ~ (2) sHERSEEEs R g0 T BCHEER |, > DU (3) B
Mtz ENEEARNY " kEKE ) -

() fEEH

FEETH  HESELAG HEBEEYHRETE RNKERE - WREHGE - e UG INAAFaVEF EE - 6]
D EVE T SRS 5 T fy (Pilatti er al., 2019) - HEZWRET#EAVER AT DU/ DA E R EVA S RIE (Gaughan er
al.,2008) -

(R ERELE T RIMERL S (Gaughan ef al., 2008) - {HERIABNGUER 5 E I A A & & P BUHE
HiEFEA T E AR E  HILER M EaRka2— KR - S EE IR DMI A DR A S B iE
HIIRERY D » RS IEREEAr H AR R aT e S B HY RS LUR e HE T2 (Lees er al., 2019) - FHFSHHETRE (BB
ELplE ey H i e84 & DMI T EAYE R (Beede and Collier, 1986) - 2S5l & FHES DMI [F{KAY &I 22
— BRI (Polsky and von Keyserlingk, 2017) - [fiEZAE B BEIVIER &8 2R - EEERE R U
%8 (Brown-Brandl ef al., 2003 ) > A AEEANEBGFEEE% 3 /NFZF|S0% (Purwanto ef al., 1990) » RILEEE
A S AU RAES - A ORI RS i 1 2 -
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ERAEBCHIEAEOR N - RIS E SRR R EHIE (Lees eral., 2019) » FERGHIAEE
FEESRIEE AL BHVE A RIS TIR - BRI ZSL > G B EAVERIEED nl REEM G REE ST - PIAD © ErmERs M- EauK
EWI0 - MRECKEE A 2 DB EHUK > QIGG TSN RESNAmTE - [tHh - AR kY
Refi] > B EL ISR EE PR RF - 2 UK - AR (R BB R EFRF A S & -

BIHEHETH - MASIHEEN A B EEEN A ERAEL BT REFEFEER  EELH AN E
FERRRRECER AL ON T2 — (A XUV E EHEME (Baruselli er al., 2020) o {EEAHFPEZRETERIUR 2 20 Y = oo B U &)
HHAE - AR EAEAZRETEI TRIERGISTE - SEBUNRIAHREAT AR AV EEURRES A - B R S A RN B AR A T
=222 (Baruselli et al., 2020) -

(ii) ZA-PHrE

BEAE EE H BB IOV IR g DL — 2T R S ERIAE B L > ARG 4% FRAS N FFE R INA 2L > (B EEA
SERRER ERERFFE BT FTDLA R A EN R R R —THE S - S2 A4 FIIR A IR AR R
38.0 £ 38.5C ~ WAL A IEHEHE A Fy 38.3 22 38.9°C (Sjaastad er al., 2010) » fx RABRE/ D AEFE B 39°C AYRFE -
= EHATERY EAE (Levit e al., 2021) - AREERFEHAGRLT » B &EEEE B SREE W LAERAHLIKE
(Chen ez al., 2013) A B EREMIERERZEERE RS B RS - H B )7 A DHEE -
SR EEER Fs 1 (Lees e al., 2019) - FrAMHIEIHUATORERTS - BERBOAET S > SR HVAa0%S]E
RS > BITE IR S Rk S5 EAR (West, 2003) - M4 EHITIHREH - BERFEIEE RN —E
BT AR e E A\ R E N AP S > W AR EERAEL TR RS RS , B
PINEES RO | —FETFEL S RIEEET -

1. 4EmE

EES N REE AL BETRAERT - AR AL BRI 4 2 e 2 B R -

FARRR T DR R A BEEEE - (MR LEAENBRE T » A FENGER - FERMERIAZE K
7 HfE (Mundia and Yamamoto, 1997) » [RIFE7& [EIFE 06 Ay 0B © 728 FL 8= A RES01E VB AIRE MS 4R -
brTEEEECARS  BRIAA-REREOIE T R R(EARE (Spiers er al., 2018) - TMIER R = EAFE
EREAER  DAFRELERETGA N ENRERIE  HILESESIVLASLE R EEAREE
BR E R EAY OB o PhAL - WRTIEE Y - Bt~ FREFEERE AR ENEARRE (Gaughan ef al.,
2008) - DIHEIRVEEEE SRS S > TR FTA4ERK -

EESAEANIRET » FERGIFERRETTREE LA « bR TETT AR EEETTREIRY B KRR S| LA
A > BEIT RV G2 A o VAT R AR R — T > (H2E THI 2 80 DL & > VETREA S A
PR > T THI 2 85 DL RE » nhE A AREEER > B8R EE A (Nordlund er al., 2019) -

DRI HH 3R Y A 68 2 FE AR BRI R e Y AUB ST » M RE & s B IEMERY R R SR B 2R 45 5% o DRI HHER Y S TE
fl4n - FE (2009) 5EEEEE - RERSFRORAE A HERSFRRE - 2 (Zhou er al., 2022) S8R FAER
% RH #2428 (B2 BB 2 BIR DR 2 IEAHRE o 35 DIFIRE ER G ERa A28 HERFRFIE
REIE - FidRIFEELLBEVE A A FRE IS SR > SRR | /NS R FF o (R IRER
il 8 /NERH% » DRI 2R M ELERER 1 /NFE(K (Zhou et al., 2022) > WP E T RERIIR Mg~ B (B A
8 (Burhans et al., 2022) - RFAE DA 2R ARG EAL BUEATE S VIS S0 SR - NME R RS BEIR R - 17
BENFMH - BIEERIG RIS R A AE -

S EFHBEVEHEHEGERA —ERE - DIEET ARG A SR80 S ReFR e n] IR A 1T 2

(Turnpenny et al., 2000) > Zhou er al. (2023 ) LL#A4~E %8 5 H0 R G FI4E 57 7K 57 H 28 35 |HURA G - & 2R
HrefEAEm o B4 EEEEREEARRS B TRAE —ERE B8RRGSR - H4ER GO RS
AR T BRI IR AL » T RE g R AAGE R Im Bk THER -

WL E 2 /K LA EEA S B NEVE S (Chen et al., 2013, 2015; Tresoldi et al., 2018b; Levit et al.,
2021) o PMEHVEENZE  EAREHET AL  FEVE RS LG REMAEMEE (Levit er al., 2021) >
WFE 24 /NEE /KRy SR EEREE - BEZA T DI H AR (BRI ES R a4 R = {E (Chen er al., 2013)
e/ KaH 2 Hiy s i R 4R (F H [ 50 -

HEEAT R AERE - SRR RERISH @284 SR8 0 PR ERRE LRI T - 4
ERCRB(EA —EfaTER - NIt e AR N EVE TG - [ES R S8 n] e S MEELAUE - 1T FH B s B R ity
BT B o] DVE BSOS A i R R B BURASR (Levit e al., 2021)  REERAVE » BIERF R i 580 f -
HRTEBD - ALZ A ZIE D ARIFAZR/KAE (De Rensis and Scaramuzzi, 2003 ) -

2. D REEE A
FUAEERRE Mg TH=HEE (Tresoldi e al., 2016) - BHENERH IV E S KiERD - byMLAE T
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B ERSRRAYE S (Chen et al,, 2013) - F5iFEEFERIRIEDRIT - 0I5 M7 ARG EVEE 22 22 F DU D A8 A
#\& (Silanikove, 2000) - {f THI Az 80 HYIRER » & 0] AR HEETZ AN - R PR AL TS KR RIRIROR S
A1 THI ‘2 —{EEAEHY B AR -

EREIRE T » FEiKFERD 43 THL 25— 0]{THY 7774 © Calegari ef al. (2012) WHZEEUR @ FEilE7y
FEIEE 6.8 — 0.76 L /KN _FJEURZERL - THI LLE M2 @) 2.93 Bfr (82.27 vs. 85.20) -

A PR AR R B IR E R E - AR IR h1&E (Nordlund ef al.,, 2019) - BiEAEA
I/ NS A AR B8 THI B B o iS4 R EEORE - S0 M PRIZHLESS » TTRE 2RV RSy
HOATA RS -

A&7 - DB LRI EARRIIAGE - HILEE S HIREEE E B0 A B B RAY & FRERE 0T D24
ORI THVASEME D (West, 1999) -

3. IERRSEUE D

TR DA SRS B IR T-EL > MIZRESEE DBy T AR E 2 » TEEE AR - fREUEK (EHieE
BIEEK) DGR EBEREL - USSR R TE = AU E T E 2 -

WnEEEREKESE > oT DU IN SR EAEIRA - FHEASRFIIGEE DMI (West, 2003 ) - $J4/Ki% 3 438 > 4
P HRA e HIR B AR - BORANZY 15 S gEte K IRBAE 22 (Chen et al., 2015) - {EHEFEMIZET - REA
EHYREKELR E BRI o #00] DR SR8 R a4 (Tresoldi ef al., 2018b) - EEZUMA M REMA 0.5~ 1.5 -
3R 13 oy IR IS IR A G MR 1% 30 43 B[O S IRAH/KSE  (Tresoldi er al., 2018a) > JA4-E 4
BIFAETT 3 K ~ 12 JrEE (T IR R/KAVRE R - 3 iR 1% v R RS R (R B IR 4H 2 /NIF (Chen et al., 2015)
i /Ao (9 Wi 0.5 S38Mn 4.5 s8R ) DR ~ SRERALENIRIERNSR AL =I0R B AL (Tresoldi et
al., 2018b; Levit et al., 2021) - FEAMEYLEKE 58.8 L #EN » /KEMAIEEFERARER LT (Chen er al.,
2015; Tresoldi et al., 2018b) - JEZEEF) 4 m &1E RN - BB M BB R RS 4T (Tresoldi et al., 2018b)  1fij
/KR 7K SRR B EZ R DA AR RAYZES (Tresoldi er al., 2018a) -

EREESIENT - RRZABEAWHNS] (Gebremedhin ef al., 2008) - {7 FHZEHE A SRS 55 8 & HL I i
FUAFIVER A Fak > Bl /K BERR 2 e A KR PR (RIREE THI - {H RH 4 H4EFF(E 93% DL I > BEUFE58
R S A IR #i[# (Shiao er al., 2011) - RLEREIREE - (EREFNY HIEZE SRR 54 & 250U = (Zhou et
al.,2022) o

BEE RS EFHIPR ARAR E A - AR o IR R BRI R EAE 22 5 (Zhou ef al., 2023) > EEHY
ER VAR [ BA R EBUER] o FEEAMEIIILEKE 15.6 L BRI T » EEEEREN 1 m/s A (A B{R R F LR DT
27 5y§% (Chen er al., 2015) - [b4h > 7R BB RS H R ESRCRIVAUERE (Spiers ef al., 2018) » 152
R Ry iR & BEAE 1R e (o B 21 TE s B R (E A R -

HEERNE » ZEREKFERITFEAERE RS HENT » M4 B BLZEREMERADRE 75% DU RgE =
5 (Zhou et al., 2023) - FFEFIIMHENRIE 80% DL EAVARENItE ) » S R 2 RIREE R /K L R R
Fradl A G o e SRS RA A -

SR ERlRLAR IR o] DLR M PLA-E0E0E » BIEE R S EY) - HIRh e PRI E B EY)(E 139 THI B
FERELAMIRIE T » vl LAY i DMI Wi 4R A8 88 (Zhu er al., 2015) - Wik I EAE A5 (Bruno ef al.,
2009; Zhu et al., 2015 ) - EHATG T O] RERER R [0 IEF R ER (Zhu er al., 2015) > HURG A RER S ME 75
R IR = BVE S 2 A1A R (Salvati e al., 2015)

(iii) BN FEBK EK =

WEREY A EIR PR B E S22 M IERE IR 8 > EPTTREHIRA I IRE R (Fraser et al., 1997)
H & HA S 7S 8 o] 5E R 6 DAFE BHE BANY SR 808 DU Bl SR (e - S22 29 B8R - A EE A i
HIYBNN A2 S A [E -

Gaughan et al. (2008) WF9TE53R > R REME BB MIEHEER - EREEENEE - £E2E
FE LU a2 s B 7538 2 AR ZE (Gebremedhin and Wu, 1998 ) - “R[EIEAC EE I A-TE H 5 [EIHY ENIR <2 M

(Carvalho et al., 2018 ) - BI{E[EfR/ZE {15 (Holstein) P4 » FEAN[E] MG FIER IR H BVE A HY 2 T 25 1 t A [5]
(Hammami et al., 2013 ) -

TEREEET NSRRI EE ST EEAV R E RS - BT 2 MR REE T 2 BN 7 RS e A&
HY—TEERES (Baruselli ef al., 2020) -« AT » BT A EBEES | ASLFEEERA (SLICK Gene) -
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V. RGBSR TR
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REA RIRAZ i -

15 TEkffr, b BOBEBIEEFHIEEC)T - AR RS YA AR 5 HERRE R - DRSS IR R
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FEl& (dead space) -

ERH TR, b Wk RS B o bR T RE S SR il R B PR A E R AR s > DUt
SeErEHEATRERNEZEIN - S EE S e RRRENFE L AR EEES ERIATNEZE TF 2 — - Kk
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Abstract

According to the investigation report by the Intergovernmental Panel on Climate Change (IPCC) , it is estimated that
the average earth surface temperature will rise by 1.5°C in the next 30 years. The temperature increase in mid-latitude regions
could reach approximately 3°C, while in high-latitude regions, it could reach 4.5 C. Heat stress has become one of the most
significant challenges in the dairy industry. High dry-bulb temperature, humidity, radiation, and low air movement in the
environment create a heat stress environment for cows. Environmental heat stress affects the behavior and physiology of
dairy cows, leading to a decrease in milk production, energy imbalance, increased risk of hoof diseases and reproductive
disorders, and even cow mortality. The heat balance state exhibited by cows, influenced by environmental conditions,
exposure time, individual factors, and breeds, can be described by the term "heat load," which more accurately defines and
describes the heat balance status of cows. Cows exhibit similar physiological responses when subjected to high heat stress
environments or high heat load conditions, including increased respiration rate, heart rate, body temperature, and water
intake, as well as decreased feed intake, activity, and lying behavior. When environmental indicators exceed threshold values,
cows' physiological responses will vary to different degrees. Different regions, cattle breeds, and production stages have
different heat load thresholds. Both single indicators such as temperature or wind speed and composite indicators can be used
to assess the impact of heat stress severity on cows. There are two main methods to reduce heat load in cows' bodies: reducing
heat production and accelerating heat dissipation. Under climate change, a detailed understanding of various responses and
adaptability of dairy cows during heat stress environments is beneficial for developing strategies that enhance cows' heat
tolerance while maintaining productivity. Through breeding, heat adaptation in dairy cows can be fundamentally improved.
Combined with cow-centered heat balance management measures, optimal strategies for environmentally sustainable

management can be sought.
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(1) Contribution No. 2773 from Taiwan Livestock Research Institute (TLRI), Ministry of Agriculture (MOA).
(2) Livestock Management Division, MOA-TLRI, Tainan 71246, Taiwan R. O. C.

(3) National Chung Hsing University 40227, Taiwan, R. O. C.

(4) Corresponding author, E-mail: ycl2019@nchu.edu.tw



BN 57(2) ¢ 142-149, 2024 142
DOI : 10.6991/JTLR.202406_57(2).0008

AR B G 70 B Bh 7 G A R 4 i B A
A R A A

REME O A O BIERE O BIRE Y RO © RER O R O

WefbH s 11259 12 0 #2H - 112412 20 H

w =

EVRTEE A0 (heat shock proteins, HSPs ) 241N FEENE A RERAVRHSE AR PITEIE « R4S BVEH B
FERIEREE T > BMARTEEE 70 (heat shock 70 protein, HSP70 ) J&4fEH5F 1% & 1 H 45 S B AR AH AR5 m Sy 3%
R« RKIH5E 5 TP 15 ~ BP LA EHEEEFORNEE HSP70 BN C667G R IT - TEFE

K 4 25 RE M A HI it (polymerase chain reaction-single strand conformation polymorphism, PCR-SSCP ) Ei%¢5 |1
W20 SR AT R R B B AT B SE S FE (kompetitive allele-specific polymerase chain reaction, KASP™) % 2 fii
FRE G E - I THEE HSP70 FIRELZe85 2 881 (single nucleotide polymorphism, SNP ) FLRIFIGE:E - 45 BB
2 e EE R R MR il 734 HSP70 55Kl AA ~ AB 2 BB EERIAY 100% FH7F (P <0.01) - Bgig bt 2 flfe i o AH 2R E A -
T KASP™ B8 ] 24 B DR R MBS T B PR AN B F o P FHALSPI % ~ SR L2 R S B 20 HSP70 FERIN A28 5
ABEEST IRy 0.40 ~ 0.35 52 0.04 < K2R AIKIBEEA A #E i HSP70 BN 2 AR 5 » PRETEVEIHTR
T HSP70 AR EEH NSO MR 2 28 -

R - #E PN PMRSEE AR ~ BRSO AN R R SR E -

i

BURTE R (heat shock proteins » HSPs) Z{E4H 5 2 NS AV A & R 7 (EAVE 2 1 E » HSPs
N trEdi e T SR MWIEEEMEE > FlEE = BEMIGREE > & HSPs #5:l R YREZE AR AR
HRESEAE Y451 (Tang ef al., 2011; Balakrishnan ef al., 2023 ) - fFEVELOSEABR JAVEREE T » HSPs LA 4ER5E H
BAERETR - DUREERAHRIAGHYINAE A (Gething and Sambrook, 1992) - Zi{kFe&EH 70 (heat shock 70 protein,
HSP70) 55 HSPs X EE MR 2 2 — © Liew et al. (2003) 75 FHAMR G BEVEEAVEER IR T » &K 2 /N2 EE
1£38 £ 1" C I 80 % ¥R ERVEREEH » 408% 192 /A A%E (Cobb ) #YHSP70 2 1HE S HHEYLMEEER FE 3R (infectious
bursal disease, IBD ) {1 /7 4 RIEFREFRI ’é’%@% HSP70 2 '8 & B#E [ HAH 4N 155> (Bursal Histological
Score) RHEEEAER (r=-0.33, P=0.0008) - IfiHEk HSP70 & ('8 & 150 (4 A #E S BVESaAI I 2 M B him /T -
Yu et al. (2008) FEEFE0~2~3~5H110 /J\Et*PKHHTFEﬁLQ%EE’Jﬂ%L 22+ 1" C BT 37 £ 17 C HyEREs
—F » 100 £ HAZE (Arbor Acres) /[ MigaH %% 5 HSP60 ~ HSP70 ~ HSP90 %Eﬁ%[{ mRNA FH & » FZEEGAAY 2 /)N

1% > HSP60 ~ HSP70 f1 HSP9O HY#&E H/E & 81 mRNA & B 7 - WAk 3 18 HSPs 2 SRR T4 2 s
[REEHE T - Gabriel er al. (2002) §H 41° C 51 44° C SUSHEBERATRS HSP70 mRNA HILRAIBIGHIE T - 458
HAE 44 CHIMALIRIE N » HSP70 8 KIE FJT » H mRNA REEZFEEMLFRAGT (37.5C) #Y15£% -

PREE (2005) {ic45 25 B B 22 A= )+ il & sl 40 (National Center for Biotechnology Information, NCBI) /5 #
HSP70 3R 7% (GenBank J02579) - JEF 2 & i 38§ 7 FE B BRI A T2 22 HE M (polymerase chain reaction-single
strand conformation polymorphism, PCR-SSCP ) #1ij » #E HSP70 F:RNHY SNPs S8 5 » 2255571 84 A&k ~ 48

ill[

(1) el A e B AT ST 2 56 2774 5% -
(2) Rl A B PR (AR A -

(3) AR A IR A E

(4) BT R AR YR Bl S R

(5) BT B BREHY KRB IR R B A A o

(6) #EEMEZ » E-mail:lin0429@mail.tlri.gov.tw
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EHAEE ~ 104 SL0PIT2E - 99 EFl THTRM A L7 ~ 174 M A L9 ~ 155 €M A& L1 K 162 &30 i
Z L12 > 5 826 5 HSP70 BN o GEREUR » 2KFHE - HINEE ~ 40013 ~ el L E#ash A L7 - L9 ~ LI
K L12 09 HSP70 7[R A A2 F:RFEZ 43 B B 0.03 ~ 0.09 ~ 0.37 ~ 0.93 ~ 0.59 ~ 0.62 7 0.63 - A+ #fa g T 2T
it 2 S AL SP) L HERY SRS BRI HSP70 A SRR EEE S S YN B 2 ZE 2 Fe ) A BERS R (P < 0.001) © Tamzil er
al. (2013a) 78 PCR-SSCP fi HISE =47 MT Ayam Kampong ~ Arabic Kz % #EF8 2 3 ([ ZEfERY HSP70 Z£ R %1 ( GenBank
J02579) - &55LEEIRAE Ayam Kampong Y HSP70 FRACAERRAL (44 ~ AB ~ AC ~ CC ~ AD ~ DD H1 BC E R ) »
Arabic 1 HSP70 F:RA NEEERE! (44 ~ AB ~ AC ~ CC ~ AD #1 BC £:RAY) - w6 €efdly HSP70 £ KA —1lE DD
FRA > T AR B MR AR M iR S FR A ZAEEANIT BB B S 88 HSP70 FRAVA R (Tamzil er
al.,2013b) -

PCR-SSCP &7 H A 150 F fiff B B AR FR (B BAMY BEAZ H R 20 RE 1 (single nucleotide polymorphism, SNP) i H]
Fefty - EJRFRELS DNA FP3i884E SNP Bhfir 52 ~ Gk Bl AN PSR BE R DNA H45HE V2R nEIEEME
PRI A S Bk AR 2 R N EIRZ FE UK BN AL A% » #5722 AE R RN A HE IR - AR R AR R (6

TN ) HEZEAORE ~ EARENRORE ~ BIBRE K HHREFEIMERZFE (Konstantinos ef al., 2008 ) -

KASP™ 2 LGC /45| (Laboratory of the Government Chemist, LGC, UK ) B> #r—{{ SNP g HHz ffr » HEL
KIEFF 2 #E WAL 5 I 2 B %75 FAM/HEX-labelled f2508 Y B 3" Ui 73 Il GE e 28 S Bhin A 2 5 [ F A —BE e 115
F-HTi#R 2 primer mix - 3G F A RIE AR (G EER SRR quancher {118 YEERET master mix > $#f SNP i BT
PCR IS [ JE - 25— ERL2EHY PCR b 2 &% > FF ] Real-time PCR WS¢ {EHIE A FE PCR FEY RN B L 08E
DIHEFRA (Semagn ef al., 2013) - LT EA SEE - REERE « (KA R RBHRCR S SEE > #iEZ
JEFAAEE K (Nair ef al., 2015) ~ /N2 (Rasheed ef al., 2016 ) Bk (Shi et al., 2015) Z%/EY) » DL T4 (Zhang
et al., 2020) ~ EEGFEAHE (K% > 2022a) -~ ZEPGHFAME (RS > 2022b) BAGHESEE  (Liu e al., 2020) S5H)
VIR oy TR B BRI 5% -

AW FE 5 1E 3 KASP™ E R ARl - BEZER CANHEIR T E G 70 B K 2 B RAGHEE - DL
KASP™ B0y At MR N A E R FE 00 2 (88 $R S o TAZRREE B S ey -

M TR

A B s B E AR A T EREN Y HSP70 ELRAGHIEL AT - SEREhta & RE s
AEEY 2 A ~ 8 AN E B KB EER R E R EE N U 2 S B RETT  (TACUC &l
B 110-38 57 ) -

L HEEY

DRMEHSERER S 15 HARLLPI 2 120 & - 55 4 AP L2 120 &5 13 tHUSF#E 120 5%
& RalBganyy - 51 360 & -

IL £ SRS DNA Z£HY

AR ER B EER THRREMRL 0.5 — 1.0 mL > & A& §i st Mm% EDTA-K, (VACUETTE" TUBE,

Greiner Bio-One GmbH, Austria) 7 £ [fll & H1 R & 1% FL K #8 DNA (gDNA) ZEHU A - DL gDNA PR ZE B &40

( EasyPure Genomic DNA mini Kit, TransGen Biotech, Beijing ) 47 FIZEEGEEREZE ¢DNA 18 » 4XeZ 7 A& T.E.
4EMEDT (Tris-EDTA) /A% » FAIHME Y% (NanoDrop 2000c, Thermo Fisher Scientific, USA ) JH|E gDNA &
B BESE R OD 260/280 ratios £ 1.8 — 2.0 Y gDNA FELGE R £ 100 — 150 ng/ ¢ L » f#E/F PCR KZJE > 15tk
(Semagn et al.,2013) -
1. HSP70 #:[N 2 PCR-SSCP ELRAIfg I = i B

DL Ak & (2005) & 3= HSP70 % [ PCR-SSCP A (A B f M| ¢ 2= Z 5] + & % - DL IE [\ 5] F 7 %1
5" TTTGATGCCAAGCGTCTCAT-3" #i 7 [a] 5| F 5'- ATCTCCTCTGGGAAG AAGGT-3' # {7 PCR X JfE ( THZK < &
94°C , 5 sriEt% o HAEEETT 94°C , 40 b ~ 62°C , 30 Fb R 72°C , 30 FhHY 35 (EEER I IE > (R IERZIE 72°C , 5 388 ) ©
1 PCR #% 1% 4 Ef DL GenePhor 25 Jk % f# ( GenePhor Electrophoresis Unit from GE Healthcare, Amersham Pharmacia
Biotech, Sweden ) T SSCP E:[RAIS34f » B 5 1L PCR KZFEBHYEYEL 5 1 L denaturing buffer FAEECVES - JEE
HEERY 95°C , 12 rsE R T E A KSR » i PCR ERAVEYIEME - Bl 6 nLIEERE A GeneGel Excel 12.5/24
Kit (polyacrylamide gel T: 12.5%, C: 2% ) &kiER » LL 600V, 25 mA, 15W, 15°C HYR{FEEK 120 73§ - BEIKEAS R i%
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L GeneStain Automated Gel Stainer ( Amersham Pharmacia Biotech, Sweden ) #E{T5% (0 30 474% » 17 2 1% FE R
IV. HSP70 7R KASP™ ELRAU I 2 i

¢ NCBI 2\ B8 %t HSP70 2: [N F¢ %1] (GenBank J02579) Ei Ensembl (https://www.ensembl.org) Red Jungle
fowl (GRCgb6a) ¢ ¥l &k} (5:53,059,707 - 5:53,060,326) th %ﬂﬁ , gﬁng KASP™ R R B A HI 5] F - A &8 &5 £
A guanine IF [A] 5] F 5'- CAGACATGAAGCACTGGCCG-3' 1 52 FAM %% ¢ ~ B %% # £ [A cytosine IF [ 5] - 5'-
CAGACATGAAGCACTGGCCC-3" # st HEX 2 ¢ ;. 2 | 5] F 5'- TGAGCACCATAGAGCTGATC-3" » i DL BT A 2%
& T 8 $84 [ [ % (Applied Biosystems StepOneTM System, Thermo Fisher Scientific, USA ) 17 KASP™ %t (K AU i
SHI - KASP™ f7 JiE 45 &6 B0 %% DNA (50 ~ 100 ng/ L) 1.5 gL ~ 2X master mix (FRET cassettes ~ ROX ™ passive
reference dye ~ Taq Z2& M 2 MgCI12) 5 ¢ L ~ ddH20 3.3 ¢ L B assay mix (—{f1F 7] FAM ™ GAEE0E [ ~ —(E
[ HEX™ S56AERE5 [ ~ — (B A G5 1T > DU FRET cassettes) 0.2 L > #5110 4 L - KASP™ ZFE{FF £y (A)
95C THEEME 15 73 (B) 10 {EfEERAY 95°C 81 20 #h8L 66 — 60°CRL#E 60 ) - ::{I{Efaﬁﬂﬁe 0.6C; (C) 261
TEERAY 95°C 8 M 20 FPEL 55°CHh 60 7 » W LAEERS N StepOne Software v2.3 HRASHES TR RIBLH ] -
V. HSP70 N5 EF?

¢ NCBI A\ Fa#t HSP70 Z: A% ( GenBank J02579 ) EL¥f Ensembl (https://www.ensembl.org ) Red Jungle fowl

(GRCgba) FFFIIE&ER} (5:53,059,707 - 5:53,060,326) 1% > sxetEla5] T 5'-TGCGAGC GAGCAAGTGACT G -3' £l

K 18 5] F 5'- TCCAAGCCATAGGCAA TAGCAG -3' » DI H ik B ) 7€ F¢ % (Applied Biosystems 3500 xL Genetic
Analyzer, Thermo Fisher Scientific, USA ) #{TEFF °

TER TR

AHtFELL PCR-SSCP £ AR M i B AL P L2 ~ BOPI -2 R S8 8 HSP70 BN Z B AR - SR AL PCR
fr 155 bp HERR BYEYI. - #E1T SSCP AUSERIKEGER - FR{EEL NS B B SRR s, > AR RIA Y TE Fh SR A s ik
2HAAEDTER B AT AA ~ AB K BB N (fE 1) -

single strand

double strand —— | . W S —— == - —

Lane 1 -3, 6, 8 : AB genotype.
Lane 4 -5, 10 : A4 genotype.
Lane 7, 9 : BB genotype.

& 1. LL PCR-SSCP & HIF i 43 #1 8k HSP70-C667G 2 Bk -
Fig. 1. Genotyping result of HSP70-C667G by PCR-SSCP.

AT B & T 2 KASP™ EL R A i HISEEZ L T #E 1T HSP70-C667G BER IS » DL PCR i FEME (A HEEE 119 bp
BER EREY) - 455A0E 2 - KASP™ @EEac vl ARERNE 7 =R AR » Hoohar X @l (HEX 26588 ) By HSP70-
BB & FHRA - 37 Y Bl (FAM E5E58E ) s HSP70-AA SiaFRRA > dhiijsksh (FAMMHEX JE&& 8% ) &
HSP70-AB & THNAY - J5HEBREH Ry Zs (50T
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AR B T 5 M — 5 B 58 KASP™ Bk R AU I R Al 2 2EHEME » ik NCBI A Bf HSP70 A fF %] (GenBank
J02579) sxatEFF51T > WAL PCREIERE Ky 619 bp AW - LUK E IR B BIE P EIETERES - FEFERE
Ensembl ( https://www.ensembl.org ) Red Jungle fowl (GRCg6a) [5IIE& K} (5:53,059,707 - 5:53,060,326 ) #E{Tr4I/ELES -
GEREUR AA GG TN HSP70-667 ik fs G (guanine) ([ 3A) > PCR I E 7515 330-339 bp 2 DNA
F£%1] B TGGCCGTTCC ; BB 4l & 7KK A% HSP70-667 ik 5 C (cytosine) » PCR #i E FE 5155 330-339 bp 2
DNA 5% TGGCCCTTCC ([& 3C) -

Allelic Discrimination Plot

®
ol 1]
L1 4
- AA
] | -
[ ]
=
=
.20
E or
- AB
L
"
0.2 BB
o s %2
HEX signal

2. JEF KASP™ rfilz il 53 1 e HSP70-C667G 2 BEPRAIE - A4 &i& RN 25 FAM 8560 RSt - BB 4l
G AR 2 HEX BHOUREE0 Rék e » 4B fiG T ARA 23 FAM/HEX 8 ARa0 bk th - 28 IR DLUREER
e
Fig. 2. Genotyping cluster plots of HSP70-C667G by the kompetitive allele-specific PCR (KASP™) assay. The genotyped
samples marked blue are 44 homozygotes; those marked red are BB homozygotes; those marked green are AB
heterozygous. Black is the control.

A B C

T G G

T c c T G G c

667-GI 667C/ét o o

6‘67 c I

BN R RENENN |HENaw.-=«00 | HENNRENRNNNIN

3. % HSP70-C667G 2 (A) A4 (HSP70-667G) ~ (B) AB (HSP70-667C/G) } (C) BB (HSP70-667C) 2RI E Fr &
Fig. 3. Sequencing profile of (A) A4 (HSP70- 667G), (B) AB (HSP70-667C/G), and (C) BB (HSP70-667C) homozygotes of

S (2022a) BRI KASP™ KL i 17 2 6 PRLR F5[K SNP BEfir C617T 7 FRAIHIEE - EFHELLER
KASP™ Bl PCR-SSCP K&K AU i HIBE [ &5 87 KASP™ {825 %2 PCR-SSCP (1Y 1/3 B - Bl v 58 gl KL R AU $8 7E T.0F >
i BL DNA FF 315 FF PRLR ZE[K PP ~ PR} RR ZE Rl {% » 568 KASP™ « PCR-SSCP Fz DNA 731 E [7 75 5 = Tl i
LA E RN > G5 R HARRA M9 %E 100% —%{ - Chang e al. (2021) i KASP™ IR I 4E F A B8 ALEE AR
@l A (lactate dehydrogenase A, LDH-A) ~ fiéiadlifi a2z B (mitochondrial cytochrome B, MTCYB ) F1Z% iz f&
D4 (dopamine receptor D4, DRD4) %5 3 {[& KR4t 4 {lE SNPs Ay & » Al #E1T KASP™ Eil PCR-RFLP JHI3E T FiF
BLEFRIRERS 2 LRl o T - SR 2 FERL R AR 5 A 188 2 BRI 51 100% » 211 KASP™ TEREfE % 7 2.5 /)
I - 17 PCR-RFLP RIFEZLLY 7 /N A RE T2 Ak [R5 B AR B E AV AR B o3 47 o A5 A B TAE ST A A A4
KASP™ (y# B8R AR LE PCR-RFLP ALY =% -
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KA BRI IER PCR-SSCP Ei1 KASP™ 4 2 TEAER AUl » PLIRAL P15 ~ FROPIL 3 K S B4 360 fElEAER
AR HSP70 BNAREEAE R - 2 FERERAGHIE T /54T HSP70 KR A4 ~ AB F BB FERAI 100% MR (£ 1) - B
AUt 2 Ry AT AH I O - PRIALPI L5 ~ BRI 2 RS E BEHY HSP70 ZERHI SRR A SR 5T 1] By 0.40 ~ 0.35
2 0.04 -

W A

ek 2 A E R AR AT AL - 3850 KASP™ ERAUAAIT 22 b B B N AYSE E Y= IERERE SN - Rl A %Y
4R AR ] R (R BB SR A > BT S IR B S S B3¢ e DL SNP 73 TR Bh B 2 75 - R > 40
WA EEF CAZEAFELE (£) HSP70 FNZ AENAERER - FRETBEIHRE T HSP70 AN =8
AEHECRMIRMERERIR S - b TEREERCANMEHEESNSEEN -

B &

W R ARG T (110 2R} -2.5.3-F -L1) &R - RESUGEE AR - &
T BT BRI S S i%  FILEEEH -

ZER
RHELE ~ ISR ~ BKIE - RdE - BRZ ~ $I57% ~ RFE - R - JIRSC - 2022a © FEUNA R PEZ AR AN R ZE

RME ~ EEE ~ fEAkAE - R -~ TRFFEE - 2022b - RING I S RGHESH I FEAROAISE UBE3C BLRBEZE B L Ret ~ KA
BIoHr - hEgst (W) S51:94-

PEE ~ SEFR - HIERE  mEE > MRS BT 0 2005 o HEREAVEVATEES 70 BREEX - hEEE (W)
34 1135
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Abstract

The heat shock protein family (HSPs) is a critical biomarker for organisms responding to heat stress conditions. Under
heat stress or other stressful environments, the heat shock 70 protein (HSP70) is an indispensable regulatory factor for
maintaining the proper protein structure and mitigating tissue damage. The purpose of this study was to analyze the genotype
frequency distribution of the HSP70 gene in Taiwan colored native chickens including red-feathered native chicken, black-
feathered native chicken and silkies. The single nucleotide polymorphism (SNP) genotypes of the chicken HSP7(0 gene were
identified by two genotyping platforms, polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP)
and the fluorescent primer marked kompetitive allele-specific polymerase chain reaction (KASP™). The results illustrated
that the HSP70 gene genotypes A4, AB, and BB analyzed by both detection techniques were 100% consistent, confirming
that these techniques can be interchangeably used. Furthermore, KASP™ can effectively reduce working time and economic
expenditure. The allele 4 frequencies of HSP70 gene in red-feathered native chickens, black-feathered native chicken, and
silkies were 0.40, 0.35, and 0.04, respectively. In the future, the influence of the HSP70 gene on economic traits under heat
stress conditions can be discovered based on the differences in the genotype frequency of the HSP70 gene in different chicken

breeds in Taiwan.

Key Words: chicken, heat stress, HSPs, KASP™

(1) Contribution No. 2774 from Taiwan Livestock Research Institute (TLRI), Ministry of Agriculture (MOA).

(2) Genetics and Physiology Division, MOA-TLRI, HsinHua,Tainan 71246, Taiwan, R. O. C.

(3) Quantum Life Biotechnology Co., Ltd.

(4) Department of Biotechnology and Bioindustry Sciences, National Cheng Kung University, Tainan 701, Taiwan. R.O.C.
(5) Department of Animal Science, National Pingtung University of Science and Technology. Pingtung 912, Taiwan. R.O.C.
(6) Corresponding author, E-mail: 1in0429@mail.tlri.gov.tw.



BRI ZERRA "TEAEAME, BY

(REY 944 3 AEET)
(KT 108 4 12 H{EET)
(EREQ 111 £ 11 A&ET)
(RE 1124 8 AEET)

L AFIREMMETY) - TIEA R AR R Tt d S R il M B w2

L AFIBEF - HE3F 68 9 AR 12 AREHH -

L SO HESINERF B ~ % - 4  FPRIBUNE (ISR E TS ) - 50 - 3 (EREERT BB —
i) - s (T8 ) ~ SR (OB ) B30 - LA SCBREs S o NHOCIEEE (Abstract) » DIFEBEET% » HIKS
O - ISR EINEIE T R IER - BRSO E L 3 2 6 (ERHEE -

IV. YEEE > F3L3 Journal of Animal Science -

(i) SCHEEE ] Word 18 A4 (GRS - NSCLL 12 SRFIGEST > SCErdliBAG - B3 F% Times New Roman »
RENNLZ & - (THERMAITIE 1.5 > IRAEBCEHFER (£ 2.54cm > /24 1.91cm) > WARISHEITHT -
(i) CFREZ R L > ()~ L~ (1)~ A (o) - BEDUE 1 - % | SIEFFR - Pooil B
sitam PENEA o BIFRNSCFER LRI o RO SR - B 2 SO BT -
(i) AP E BRI R A - BB SRENRE nE R PHER » Ts5AERG4E R > DIFIBER -
(v) B R
L BB E AR B R 25 SRR N S S - BT AGE R S AL AR L -
2. DU 2 4855 v B R N A IR A H S5 R ES
() EE km>m>cm > mm > pm °
(2 EE kg g -mg-pug-
G)BERE L mL - pL -
@) B cwk~d~h->min~s-
(5) HAf 2 °C ~ pH ~ cal > rpm ©
(v) et iTEREE B AL MR > SRR T TR -
Vi) SFEE -
L IES /R E 2 O R R IR B
() PO FEE— NE > F— A 2440 (Johnson, 1991) ; fEE B A% » F A\ Z 441 (Johnson and
Hobbs, 1991) 5 1EE R = ANELL B3 > FE— A Z 1% E er al. 41 (Johnson et al., 1991) -
Q) PR AEEE—NE > F— AR (8 > 1990) : fEERAE » E AR GBS
1990 ) 5 fEE R = ANBCLA B - ARYEE— ANERAR B II—F40 (855 > 1990) -
2. 2F RN S B BIR - IR F BIEE - £y - BIH - FRTERE - 68 FERERIGE

55 0
(1) #EFE
B B 1991 - BEWET - WE - B BTEE RGN LI - BETIR 24 13
140 -

HH G ~ FIEAE ~ FHEAIE ~ 7BeoK o 1991 - LIRS M R HEBEE L A RIE 2 & R KB MEREZtE
Wy o ZEEMFSE 24 1 141-148 -

Ayub, M. and M. Shoaib. 2009. Studies on fodder yield and quality of sorghum alone and in mixture with
guara under different planting techniques. Pak. J. Agri. Sci. 46: 25-29.

Hsu, F. H., C. J. Nelson, and A. G. Matches. 1985. Temperature effects on germination of perennial warm-



season forage grasses. Crop Sci. 25: 215-220.
(2) F4XH
ﬂ%@iﬂt ° 2001 » JKEFUNFHE AR Z 0 FEENGURTES T « BILPILREEYRIE 2 - Wdim
=T
é%i‘ﬁ: ° 1979 » AR - EEREHSENERE > 2407 0 55 300-322 F -
American Oil Chemists Society (AOCS). 1980. Official and Tentative Methods of the American Oil chemists
Society. 3rd ed. Am. Oil Chem. Soc., Champaign, IL, USA.

Association of Official Agricultural Chemists (AOAC). 1990. Official Methods of Analysis. 15th ed. Assoc.
Off. Anal. Chem., Arlington, VA, USA.
Tai C. 1985. Duck breeding and artificial insemination in Taiwan. Duck Production Science and World

Practice, pp. 193-203. University of New England, Armidale, Australia.

Wang, Y. C. 1985. Regrowth ability of Napier grass (Pennisetum purpureum Schumach) in the dry, cold
season in Taiwan. Proceedings of the XV International Grassland Congress, pp. 1239-1241. Kyoto,
Japan.

(3) HAAH
EEEEED - 2023 o LRSS o https:/agrstat.moa.gov.tw/sdweb/public/book/Book.aspx °
EESEE - 2023 o ESEHEFEERIAEETAET o http://agrstat.moa.gov.tw/sdweb/public/maintenance/Announce.

aspx °
SAS. 2015. SAS/STAT® 14.1. SAS Institute Inc., Cary, NC. USA.
SPSS. 2008. SPSS Statistics for Windows, Version 17.0. SPSS Inc., Chicago, IL. USA.
3. HMOUR LS —F B R ESHZ D B > IS FE R 2 HFE ety - difahsc - B30~ 7
XZRFHA -
4. TEHITIATEEE RS - MR 2 IRER
and documentation) 45%5 °
5. 2F LR E 4wk -

V. KTREEZ B GRA BRI 2N - A TREZE - FEET I TIRER - AEE ENE R
% -

VI FafHEATZ B GEGEEREE
TEL - AT ftieg -

VIL T8 TIREZ 1% - st 2 ey - AR AT - DIAERE SR M YRR - ATIRR
JBRRRE - TS REBR TR SERBITE » JFSAMERFEE - AMEEEEEMEER - 0F LilES -
MHEEREEREREE S - ATIAEEREZHIER R -

VL H KR 93 SR st » Him KA R (E A B ETREENES - FERERIZEIEEE
Y B E T NI T 2 S

ﬂ
e

\

| 5 B2 2 [ EfE 4% &R E (NLM Catalog) 22 10S (Information

ot
2%
g
A
o
g
i
S
il
Tl
H%}

ARRBEARREA - EEERZ T - SURBSIREH



JOURNAL OF TAIWAN LIVESTOCK RESEARCH

Vol. 57 No. 2 June 2024

CONTENTS

Page
Effects of the seasonal changes in reproductive performances of Formosan

sika stag

Hsin-Hung Lin, Ting-Yung Kuo, Shann-Ren Kang, Shen-Chang Chang

And Jenn-RONG YANG...........ccccccciioiiiiiiiiiiiiiiiii ettt 75

The investigation of physiological, hematological, and blood biochemical
parameters of Taiwan swamp buffaloes in the Hualien region during the cool and
hot seasons

Pei-Chun Chen, Pi-Hua Chuang, and Liang-Yuan Wei..............cccccccccvevvvvencneannne.. 82

Genotyping improvement for a candidate marker miR-27a associated with
porcine litter size trait

Ren-Bao Liaw, Si-Ya Wang, Yu-Syuan Lu, Jo-Ching Chen, Yung-Yu Lai,
Kuei-Juh Liu, and Mei-Ping CRENG ...........cooevueeiuenieniieiieieensieiesinenssasssssensssssesssens 91

Establishment of induced pluripotent stem cell line in muscovy duck and its
waterfowl parvovirus infection test

Jenn-Fa Liou, Chia-Yu Chang, Fung-Hsiang Chu, and Lih-Ren Chen.................... 98

Discussion on the preservation of pagolagrass haylage by manual poking
simulation of file-damage

Shu-Min Wang, and Chia-Sheng CRem.................cccccueveueeiieeieeeiesieeeeeie e 107

The effect of different forage on rumen microbiota and milk composition of
Holstein late lactation milking cows

Szu-Han Wang, Hsiao-Han Liao, Chia-Xin Lee, Hsiao-Ming Chen,
ANA JEN-WEI SHIQU...............ooccoieeiieeeeeee et e 114

A Review Study on Environmental Heat Stress and Heat Load Management in
the Dairy Cattle under Climate Change

Chia-Jung Lee, and Yi-CRUm LiR..............cccccooiiiiiiiiiiiiieiieeeee e 124

The establishment of a genotyping platform for the Heat Shock Protein 70 gene
and analysis of genotypic distribution in Taiwan native chicken

Chia-Te Chu, Yung-Yu Lai, Hsueh-Chi Teng, Tsung-Lin Liu, Ming-Che Wu,
Hsiu-Luan Chang, Der-Yuh Li...............cccccoccciiiiiiiiiiiiiiiiiiiieeeitee e 142

ISSN 0253-9209

DOI: 10.6991/JTLR

531920004
GPN:2005200015
ERE: #EB-OOR





