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NERTER ERE) 'Y & Sy SRyl R NI
S s g 5 gpagp O

GBI Y B FHEEY ERC BsY Afne O

Wl H3H - 11354 H 1 H 5 82 0 : HI34ES H 24

W B

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

R - PIEAENLLE ~ BEMREEE D - BEFEE -

4

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

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

|

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

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

M A

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

wm &R

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

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

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

PAG threshold values 95% Confidence interval

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

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

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

Sp: Specificity

AUC: Area under curve

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

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

¥ &

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

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

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

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

A

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

AWTFUR S Z BT 5edlsr (111 R - 212 — & — L1(4)] > HHEEIA N P EEREIALE B G e b R 8 R
sEEBRIBIRIEAE ~ JLE 0 Tl s s R R NE R BB T R 2 B - BEsERIS DURASE R - R EE -
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Abstract

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