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RHICEERCESE M (TR B s SR (T D BEE L » AATT S Aie (S RRabl b ) - SHfa R BRRa
B R EREE N » M R e R I A R R LA B > LU D B SR Ol AL
FEARFLAE (pregnancy toxemia) » K FTi/D PRBMBEHME AT A TR P01 - ACRBRIE oM A FE PR 2B 2 5
AL o B2 BB R (1 (pregnancy-associated glycoprotein, PAG) JFE » Jfi BLEFIE /- (TR IE - FELLHIBT I
TR R M R RIS Bl - TSRS SET o BRI (1922 10 — 94 [ ) PRI ERIRZRRIE4: 97 PAG i
BEE BN (S HIM © SRS ) 2B (P < 0.05) » BIZERBAIMMNERRE (22 10 — 43 B) R
] (1502 49 — 78 ) HEEE M (P < 0.05) - B A FERUEE B BOTLrh PAG R TEMIRE - BLEL RIS
BRI PAG SR SRE B H 2 IEARZ SR8 S BRI IS 15205y R R LR
HE R R Y S T PAG BT A - HIELIEE AN 4 LR TS IR o o B RS >
I o RO TR S L TS T I S B R T el » BB TPy = (8 A P S LA A R
ST -
Bg ¢ FTRFRILEE - AR E S - AT -

4

RIEEICHECETHZZE R BE SRE NI M T HER - 87 > Marai and Owen (1987) if5%
fEHERN R BN B8 LN R 2 - AiiifE & Ry I8A 2 AR 4R F A R AR HANS TE M R Al R
o HLFERRSN 2 8 57 o Alkan et al. (2019) 2R 2 R0RG ~ BEHEAR MoK 2 RSB HEREEAE - 1 SR
Zete i BRI AR S 2L FRa s T o BEE - AR R SR B AU R BL IR B IME - R A A RS EsE TR
(Karen et al., 2006; Yotov, 2007) - [K[It » FHEA ZZHHG - ARG SORPRH T ETHHE R » WA FEEEI T2
e - WA H M o

WrRlfcfE R S FE R B A AR EZM IR R0 75 — R E R ET2240 - IVA e HE MR A S (54 )
B UNEFT IR Z 4 22 RS 2E (7 (pregnancy-associated glycoprotein, PAG) ~ BjZ2Z% (progesterone, P4) K1
IifERfE (estrone sulfate, E1S) FI{E Ky b & (420 & KR AR IR ERAR S 2 1556E » (E18 R & S A IR Aa s E 2 e
K2 HEF AT AT S5 (Fukui et al., 1986; Karen et al., 2001; Yotov, 2007) ; PAG 2 K95 GE — 8 » IRRGHY %
FEJE (trophoblastic placental layer) Fiy53ih » &% IR IR il 2 2 LHEg AR 1 > R vl FS Fa sl BEAS #8E Th PAG
TRTE HE R A S e BR fE BT S (Wooding er al., 2005) = [Nt » Aatba 2 DAREEE PAG {1 Ky or FIEsE LA E
PR R RRGEE -

|

() TR R Z By w A B i T 5 55 2717 5 -
() TR B G B R BT 1T «

(3) HEFE AT ERBF EEETE -

@ TRt R By wm AR L EEE -

(5) #EA/EE » E-mail: tpa@mail.tlri.gov.tw ©
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Tl Z LIE RS 1 PAG B » TEAWE A 73 BRI & 53474 (radioimmunoassay, RIA) K % 2% %
FER [ 53 #fr72 (enzyme-linked immunosorbent assay » ELISA) » Fif ¥ FH AR E B A = HZRFFRP 45 i - (R R
W R EIR - BAEATEEE S > 77 B4 AL K 2 78 > Singh et al. (2019a) 35 B DAEIGEAYRE H ELISA 5%
> EAE T PAG JRELTRFLF 2 % - ZRIMHAEREEIRSN 2 H5F AL (93.3% vs. 94.4%) - Ziit - BECEALLEED
FUAE HIBAEE - RO AR NN SRR S SR HENY) B TR R EE - AU H I AL ME IR
Ry AR S ERIAE A SIE -

2B 2 B A= FE A (Alpine) LI EL B 48 67% 7L LLIFETHEL 70% DL (5 > 2008 ) » (RIEE A S A
ELISA 7 77 =g IRl B FER LI AR 2L PAG RS - 6 3 B (R B 2o s i R BRET ROl 1% R 8 ~ ARG Bl 4= L
PAG &% FHBEME -

M A

L EREYRI B IE R H] E
Kt B EnN 28/ NILTES > BV A EAERKERT (3BRESIR) 775 2 #IEE 348
UH > S EIH LT A TR - BofE{&(E A8 &K (ALOKA Prosound 2, Japan) B2 » EBZ205[H 275 Karadaev
(2015) WH5E45 5 - AACTETR 45 2 50 HiET RS2 » HIEEN AR E N ESRE DEUR 2T - BEREERG RS - AIHIE
IR R HREIR R - [FIR RS TR EE A BT ER - BEnE - IR A TG FL S -
DAGKREE R B R e sd A 2 F E R RHEE T ASE - ST RRIE S Tk s R THE -
L. BEARULSE
FEAE AR A A TR 10 HRGBRE  GEREEAL R > BHZEL 94 REEHF - FiFETH
R ERILATZ FEE | mL (UEEEBEOE N o BREESEBE USRI A 29Ty P Aela= > Wi 3 HINSERK
G AR EERI RS T E0R T ali
L A= AU an s Rl B E 004
4 FL R PAG JRFERIS (S 22 oy Ry B ARG - EEREAG K =G - Aot KBS o Ay R (4256 10
243 R) FEEPH(EEFEOEBR) MEZRI(EF2FES £94K) - £ PAGHHIEHEE 4 I
PAG ELISA f@EsE=4H (Milk Pregnancy Test Kit, IDEXX Laboratories, Inc., Westbrook, Maine, USA)  &5—% 96 #&
B B a0 S 2 (EPS e HIAH R Fa VPRI o K7 HESS SR 1% (15 B pe e n 8 F 2 FHAY 43 6 6 FE ST (SpectraMax”®
Absorbance Reader CMax Plus, USA) 435114 450 Eil 630 nm Ji7 £585% F s HAE FLEE A T PAG IRYE(H - EB4EHEE
DU ER 2 (optical density, OD) B RS2 240 F35{H > DL PAG (sample-negative) {H3~ 2 5 & HHIBEHE
i 0.25 FITE Ryl RN Ref3iZz > /NPy 0.25 BRI E Rebe Bl By R (542 -
IV. 8515717
DL SAS #ratiiag h &R S A (SAS » 2014) H#ETT 3T - B R B2 (B REERZIEEL ) 1F
Rl E R T - B x (BP0 SRR T PRI R B R RUE - (B2 R E(E RS R BB - DL Bonferroni
ERIEET SIS PAG BN EISHEILE - HRE TS R ERIR - & P < 0.05 B AIFA
HEFEZER > P<0.001 BFAIFEEAMmEAEEZR -
HAE B8~ B REUL AL T PAG IR BE S R 7 [ FE A M DA SZ B AR AR 22 AH R 43 #7 (Pearson correlation) 7
7 o ZE4MEIEER AT (multivariate linear regression analysis) FH TSR HY AR B {7850 Rz 18122 R B S5 AT ER -3 A 3L
th PAG RIS ERE S R EEE -

L FIFER R L PAG I
AABRINIE 348 BT [T FEGRLCE R (10 — 94 H) 2 4 LBEAK - L4, PAG TR (BAIRTH
LU DABE 2T SIS (AR - A4S SO B  % (ransabdominal ultrasound) 53 SR B 41K -
RIS EL 2 4L PAG TASIBREIANR 1 {ERIZRI (10 — 43 H ) 348 B2 /£, PAG THT/BIE(H
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5 0.280 £0.331 > e A{E By 2.376 0 e/ MEL B -0.016 5 22 (49 — 78 H ) 348 THIE 477 4= . PAG sy
F51.029 £ 0.824 > 5 R ME £y 3.868 » f/IME £y 0.178 R HAMR 2 BE=E8 A > RIILE 346 TAFHE 2 2 4 7L
PAG EFEE B 1.010 £ 0.675 > e {5 3.435 > i/ ME B 0.421 ©

® L PEFRLEEA E R R R E A

Table 1. The concentration of milk pregnancy-associated glycoprotein (PAG) concentrations in the gestation stages of

Alpine goat
Pregnancy period Number of animals PAG concentration (S-N value)’
Mean * Std.deviation Minimum Maximum
Early pregnancy 170 0.280+0.331 -0.016 2.376
Middle pregnancy 170 1.029 + 0.824 0.178 3.868
Late pregnancy 168 1.010 £0.675 0.421 3.435

"S-N value: Sample - negative value.

1L R A Ra B LA 7L PAG RS 2 Bl (4
=Hle - EEfhe K B R R SR AR AR Pl PAG JRIE 2 LA lE 1 For - R =Hihe - it K B
fa Z B FR R - HAEFL PAGIRIEHYES 33 HBHME LT - BE 49 HiEERE =B EEE SR 555 e
Ao IR 71 J 78 REZFIEEHE - FR2R (#5210 — 43 0 ) L7 PAGREEH B LA 2 5% > H
B 2 RS E (P < 0.05) REARE (P <0.05) 228 Wb fn & 4 7 PAG JRIE S 7 Bk &
(0.319 £ 0.100 vs. 0. 319 £ 0.035 vs. 0.132 £ 0.065) » 4= F, PAG JEE BLEIAEH x B2 K ¥ MR 2 <2 FSUE
(P>0.05) -

Early pregnancy (10=D =43) Middle pregnancy (49 =D =78) Late pregnancy (85=D =94)

Type of pregnancy: P = 0.042 Type of pregnancy: P < 0.001 Type of pregnancy: P < 0.001

Days: P=0.007 Days: P<0.001 Days: P=0.368

Type of pregnancy x Days: P=0.631 Type of pregnancy x Days: P < 0.001 Type gfpregnancy x Days: P < 0.001

*
%
4 . *
_ p POm— Quereemenees < ]
S e * 4
E & e f
z * a
2 24 i
Q
1 K4
= e )
=] R S S L, -
s o - e - Goats with single fetus
0 Qo= ——9 ¢ -0 Goats with dual fctuscs
© Goats with triple [ctuses
T 3 43 49 57 65 o8 85 94

Days of pregnancy

L [FEFRRLEER R R - AR - DIRERES & eI oo A B ARG - SERiaEd = ffa R=E A 7L
SRR 0 2 SRS - =RERGREE AL PAG R B A B ARG B A R E (P < 0.05) - 1
FRIH RS 10 2 43 K 5 AR RREAEEE 49 £ 78 K AR ARS8 294K -

Fig. 1. Dynamic profiles of concentrations of milk pregnancy-associated glycoprotein (PAG) quantified using an ELISA
in single fetus, dual fetuses, and triple fetuses bearing Alpine goat does during early, middle, and late pregnancy.
Early pregnancy represents gestation stage from 10 to 43 days of gestation; middle pregnancy is the 49 to 78 days of
gestation; late pregnancy is the 85 to 94 days of gestation. Type of pregnancy indicates single, dual, or triple fetuses.
"P < 0.05 indicates significant higher milk PAG concentration in triple fetuses bearing goat does at each time.

Rl (14249 — 78 H ) 7L PAG REARE L2 #ss - 25 78 Dz s E  HHEEE
TRAGEE (P < 0.001) R IRZRE (P < 0.05) ZRE » Hpa =R 4 7L PAG R 5T AR = A
£ B B A )2 (3.085 £ 0.109 vs. 0.824 +0.039 vs. 0.853 +0.071, P < 0.05) » 4= 7L PAG JEfEEEAE H 12K
BE RS 2 SRS IE (P < 0.001) » fREZEH (85 — 94 H ) £ 7L PAG JREE I EFH 23 - HARRERE 2 1%
Ra® H 2 #2%2 (P < 0.001) » H oA =HIfal R4 7L PAG JRFE B & i A AL B BE ARG R (2.934 + 0.104 vs.
0.835+0.037; 0.784 £0.068, P < 0.05) » 4= 7. PAG JEFEBAIEHAEL H M IR KRB E AR E > S EUE (P < 0.001) -
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B R 2 ] 2 P B PR L AL PAG IR ERAR AR S H KRR B BFA05R 2 - &EREUR - HRReEH KRR
Sl AR AL =E 7L PAG RS B B IEAHRA (r = 0.404 vs. 0.445, P < 0.001)

F 2. FIRFEREEA PR & R ARG R H S R R B8
Table 2. Correlation coefficients of milk pregnancy-associated glycoprotein (PAG) with fetal number and gestation length
during pregnancy in Alpine goats

Pregnancy stage Variable Correlation coeffi-cient P value
Early pregnancy Fetal number 0.195 0.050
Gestation length 0.421 <0.001
Middle pregnancy Fetal number 0.500 <0.001
Gestation length 0.266 <0.001
Late pregnancy Fetal number 0.610 <0.001
Gestation length -0.140 0.254
Whole period Fetal number 0.404 <0.001
Gestation length 0.445 <0.001

" Early pregnancy = 10 to 43 days of gestation; Middle pregnancy = 49 to 78 days of gestation; Late pregnancy = 85 to 94
days of gestation.

1. 25 B &R A B o AP R FE IR LI SR 2L PAG R fS B i R 27 R EUTRA (%
DAZ6 B 41 A i 5 W BT R FE IR LU =R 7L PAG RS B S B B S I R BB (5 (= 3 ) > BEECR [EIRE B 7L
1 PAG R[5 RAZ AR LI B A 8 (unstandardized coefficient) Sz AR 3EER (£ (standardized B coefficient) @ 45558
RN AR % BRY - B SO E R THORITE L PAG JBS 2 B(ESH A R ARSI R %
B> SRR THNFA S PAG RS B ESE -

3. ZEGVEEER T R R LR R AR R Bils R B H R R R B IR A
Table 3. Multiple linear regression analyses results for the relationship of milk pregnancy-associated glycoprotein (PAG)
with fetal number during pregnancy and gestation length in Alpine goats

Pregnancy stage Dependent variable Unstandardized coefficient ~Standardized B coefficient ~ P-value  Adjusted R’

Early pregnancy Fetal num-ber 0.121 0.195 0.031 0.215
Gestation length 0.010 0.421 <0.001

Middle pregnancy  Fetal num-ber 0.776 0.500 <0.001 0.321
Gestation length 0.021 0.266 <0.001

Late pregnancy Fetal num-ber 0.772 0.610 <0.001 0.392
Gestation length -0.021 -0.140 0.152

" Early pregnancy = 10 to 43 days of gestation; Middle pregnancy = 49 to 78 days of gestation; Late pregnancy = 85 to 94
days of gestation.

S

LR R BT IR A W SR AR I B HE - RED 2 FACHE B8 =8z 20T » Jones et al. (2016) #
EIEH - MRS 45 K1 &HR 0 Z R T AERR B E ARy - BRI Z IR BRI s IEE > Bz
=R ERER DA Ky 100 ~ 87 K 31% - FTH2KE » A Z R 7EHE S H PAG R A4 - 41 RIL=E A
BT > 5y F-f85E (Karen ef al., 2003; Gonzélez et al., 2004; Byrem et al., 2012; Chaves et al., 2017) » JNE #0525
PAG JREATHMSIEAGEE - SRENACER ERGRE SRS > DU BRI THE S8 H BT > mTeE L=Eay
IR ~ RERAF AR - HLAEMRIEAG F B B R AT 2 B SR AR RV IR B RS e WART T B e -

L PEFREEREIRE LTS PAG REE(L
A DA 2245 S R BT 3 A7 (ELISA) A AR 2P i FR IR LU =E 2R P PAG JRE - O ERA2 33 R 94
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KA PAG HYRFEHiE F 0.297 — 3.868 » B = N — AR HIE AL K880y 0.25 52924508 - HAh i/
b7 3 > DL ELISA J7 =il L= 4 A5 #1. (whole milk) KAt A5, (skim milk) 7 PAG JRE - 7l BRI (842
5508 %5 53 H ) EETEES RIS 116 £ 0.13 K 1.23 +0.13 » HRZuEE 8ok 0.25 22454 (Singh ef al., 2019a)
BURIARETE R BV P B FE R LAY 20 77 0% > W2 /DI BECTE (% 33 RIEHL IErElnZe4s R > thyRed
Singh et al. (2020) 4552401 - 2 el Bnss B UR TS IEMERR 2245 IR 2 I B i B RO A% 37 K -
I AR Aa S a4 7L PAG JRFE 2 Btk

AR BRI 7 45 REUR A AN - SRR = ARl R LL=EE L PAG ZRFEAEE 33 HE%R EH- -
B2 49 HL B =HattF83 SN S A - W53 RIRES 71 K 78 KEES| g ={H o Singh et al. (2019b) s{EnasER
BRHUFEMAZ S PAG JEE TN B #4725 28 Kt 7 > s EHIRAERESEE 51 H - (Ht AR SRR F S L=y
1M PAG M iy e {H HIRAEACRETR 48.6 £ 5.0 K > Ai4EFF 282255 12 1 (Gonzélez er al., 2000) ; HAMFFT 253
4RFIn PAG JEFE B 8425 28 Kt b7t - Higm{E IR 62 K (Rovani ef al., 2016) « R[] LLI=FE4RFiniE
Z [ PAG i = {EATIRERE » AT fm B 5 3.868 » # Singh er al. (2019a) 2.83 Fyrs; » HEMLL=FEERF 2 [
ZEEFE - AR A R AL B A > Hinrh DU Lt PAG JEFE & IR 2 R o 2R B 4NAE T S 4154 20% » H
AFRE NI RS TR IR AT TR AV E B 58 R L MLEEY) (Schlafer et al., 2000) ; i3 SEi7 YRR AY EE AL AR o RS
o PAG 1Y EZACR » TR EATP R ROl 18 R R EE 19 — 23 KEEPEIE 1 (Wango ef al., 1990)
PRI —RE THEAMR PAG £ 7 0] B A2EE 26 RIRHHEHIE] - RIL AW IR 182255 33 R AXUERE » IR
FrE AR B E ia i S AL AR (B e R B 38 A I e -

1. 4= 7 PAG JEFE B ZRa S K (812 KRB Bl

HiF 2 RZ T RER LRI PAG WV » AR 33R 2 = RarI BRI - H3.$ PAG &
[E I AR B B iR S Wi T ol B4R ES 44 KIS 2 B R 2 94 RLLE - HMif 5883 1115 (Batalha
et al., 2001) ~ 2~ (Szelényi et al., 2015) F47=F (Ledezma-Torres et al., 2006) ~ BERmRGET BEAURAITL T PAG JEREE M
A R AP AR ) - e A ST AU R ia i BE ARG I PAG R R B IR B A A R S 2
1= (Sousa et al., 1999; Szelényi er al., 2015) 5 JNEHSCEURE NG ST BERERG BRI PAG JREFEMEIE /74 AT 4 HA
H#IE 25 (Robert er al., 2017) - Singh et al. (2019b) shEa4S Al EUR S fa: ARG R IR PAG JEE T
AR ZES 28 KA ZRIGFHE R 93 Kk > HEBZEIH (8425 26 X2 51 K) KHH (8225 58 K
2 114 X)) Mk PAG JRFETMEZBEZRRRRE H (P < 0.001) S 52 K8 (P = 0.012) 2 #2%¢ (Singh et al., 2019b) >
[E BT SE R 2= Ry BT © A R P B Gen JiR ER BT R BRAG S K AE A 4H 4 e S S 8 VAR EE S IE0 » HEMmER T
R AMRRAEEE - BB 2 2 PAG AR (Ranilla er al., 1997) » &t 7] DUERE H 4 i Sl S R PAG
JERE 2 I TEAHRE (Echternkamp et al., 2006) -

NI > A ERsE R » SEHla K B RERG I FE R B A= P PAG SRS WSS M 2 - HAMREIER UK
Bt 6e 9% S AT A 4800 Sarda Kz Lacaune 48=F1117% 1 PAG JEFE » 45 R B RSt BB AN 2 Sarda % Lacaune 45=F
AR H PAG JRIE M 7 72 52 (Carolis ef al., 2020) » BUARGERAE SRE BB - HERIBR T T REEL AR
PAG B E I, (epitope) 725247 (Barbato er al., 2013) 24k » fliIZR H A LR B HHY PAG - A[REEH
W H AL EE(ER 2 PAG MR -

w A

AeABRbTFeaS REUR - SRR (18242 10 £ 94 1) [N E =4 AL b PAG REEE 2B EH 27
% (P <0.05) AR RN (4210 — 43 0 ) P (4249 — 718 1) g EABEME (P < 0.05) - A
BT Z2 Pl A A LU= R R B 7L oh PAG RS IEAHRE - BLHAMHT SRR T PAG JR & Bt B H 2 IEAHR—
2 B EGMER ITAVERAE S RIS BN U G B H iR AR B B AL PAG JRIEFK » &7 DL BT
BETIR R A VA FUAR M T Z Rfaeelr - AR Ve IRBEERT SR B - Ml 2 S5 R T Rt R T TR 2
BEEIIEE R IR et - MBI TN = H N2 LA R B AT -

REFFEEIT B R Z B e Rt seaCE (110 ) -2.12- & -L1(5)] > HHtELE A h#EREAE R E R
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Abstract

Grouping management is a common practice of applying pregnancy test to separate the pregnant goats from not
pregnant ones after breeding. The nutritional need is significantly different among goats with single, twin, and multiple
fetuses. Pregnant goats with multiple fetuses require special attention and nutrients to avoid metabolic disorder, pregnancy
toxemia, thereby to reduce the mortality of weak lambs. We analyzed the pregnancy-associated glycoprotein (PAG)
concentration in goat milk with different fetal number, pregnancy days, and pregnancy stages. The result showed that
goats with different fetal number were significantly different in milk PAG concentration (P < 0.05), from 10 to 94 days of
pregnancy. PAG concentration was significantly different in early (10 to 43 days) and middle (49 to 78 days) pregnancy (P
< 0.05). Milk PAG concentration was positively correlated with fetal number. Multiple linear regression suggested that fetal
number was a more precise predictor than gestation length for milk PAG concentration, while predicting fetal number using
milk PAG concentration in middle and late pregnancy could be plaudible. This non-invasive and stress free method could be

used for care preparations for both pregnant goats and lambs, and also used for goat milk production and herd size estimation
in the field.
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